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HRONIC ALCOHOL CONSUMPTION is associated
with an increased risk for upper aerodigestive tract can-

cer (oral cavity, pharynx, larnynx, esophagus) as well as for
cancer of the liver, colorectum, and breast. A great number of
epidemiological studies have demonstrated a correlation be-
tween alcohol ingestion and the occurrence of cancer in these
organs (Seitz et al., 1998). These studies clearly show that all
types of alcoholic beverages are associated with an increased
cancer risk, which suggests that ethanol itself is the common
ingredient which causes that effect. A good overview of the
different epidemiological studies was provided by an interna-
tional agency on the research of cancer (Anonymous, 1988).
There is increasing evidence that acetaldehyde rather than
alcohol itself is responsible for the confirmed effect. Acetal-
dehyde is highly toxic, mutagenic, and carcinogenic. Acetal-
dehyde interferes at many sites with DNA synthesis and repair
and consequently tumor development (Anonymous, 1985).
Numerous in vitro and in vivo experiments in prokaryotic and
eukaryotic cell cultures and in animal models have shown that
acetaldehyde has direct mutagenic and carcinogenic effects. It
causes point mutations in certain genes and induces sister
chromatide exchanges and gross chromosomal aberrations

From the Laboratory of Alcohol Research (HKS), Liver Disease and
Nutrition, and Department of Medicine, Salem Medical Center, Heidelberg,
Germany; the Department of Internal Medicine (SM), Division of Gastroen-
terology, Tokai University, School of Medicine, Tokai, Japan; the National
Institute on Alcoholism (AY), Kurihama National Hospital, Kurihama, Ja-
pan; the Department of Gastroenterology (NH), Medical University of Lii-
beck, Liibeck, Germany; the Research Unit of Alcohol Disease (SV), Helsinki
University Central Hospital, Helsinki/Finland; and the USDA Human Nutri-
tion Research Center on Aging at Tufts University (XDW), Boston,
Massachusetts.

Received for publication January 11, 2001; accepted January 11, 2001.

Reprint requests: Helmut K. Seitz, MD, PhD, Alcohol Research Lab,
Department of Internal Medicine, Salem Medical Center, University of Hei-
delberg, 11 Zeppelinstrasse, Heidelberg 6900, Germany; Fax: 49-621-383-
3816, E-mail: Helmut_Karl.Seitz@urz.uni-heidelberg.de

Copyright © 2001 by the Research Society on Alcoholism.

Alcohol Clin Exp Res, Vol 25, No 5, 2001: pp 137S-143S

(Dellarco, 1988; Helander and Lindahl-Kiessling, 1991; Obe
et al., 1986). It induces inflammation and metaplasia of tra-
cheal epithelium, delays cell cycle progression, stimulates ap-
optosis, and enhances cell injury associated with hyperregen-
eration. It also has been shown that acetaldehyde interferes
with the DNA repair machinery. Acetaldehyde directly inhib-
its O®-methylguanyltransferase, an enzyme important for the
repair of adducts caused by alkylating agents (Espina et al.,
1988). Moreover, when inhaled, acetaldehyde causes naso-
pharyngeal and laryngeal carcinoma (Woutersen et al., 1986).
According to the International Agency for Research and Can-
cer, there is sufficient evidence to identify acetaldehyde as a
carcinogen in animals (Anonymous, 1985). Acetaldehyde also
binds rapidly to cellular proteins and DNA, which results in
morphological and functional impairment of the cell. The
covalent binding to DNA and the formation of stable adducts
represent one mechanism by which acetaldehyde could trigger
the occurrence of replication errors and/or mutations in on-
cogenes or tumor suppressor genes (Fang and Vaca, 1995).
The occurrence of stable DNA adducts has been shown in
different organs of alcohol-fed rodents and in leukocytes of
alcoholics (Fang and Vaca, 1997). Moreover, it recently has
been shown that the major stable DNA adduct, N*
ethyldeoxyguanosine, can indeed be used efficiently by eu-
karyotic DNA polymerases (Matsuda et al., 1999).

In addition, acetaldehyde adducts represent neoantigens
that lead to the production of specific antibodies and to the
stimulation of the immune system, which possibly leads to
cytotoxic immune response. Acetaldehyde also has been
shown to destroy folic acid in vitro (Shaw et al., 1989). Folic
acid is an important cofactor in restoring S-adenosylmethionine
and consequently the Cl-transmethylation pool. Hypom-
ethylation of certain functional genes has been shown to
occur in early stages of cancer development. Thus, it is not
surprising that a low folate diet is associated with an in-
creased cancer risk in humans (Giovannucci et al., 1995).
Accordingly, the cleavage of folate might be another
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tumor-promoting effect of acetaldehyde. Recent and strik-
ing evidence for the causal role of acetaldehyde in ethanol-
associated carcinogenesis derives from genetic linkage
studies in alcoholics. Individuals who accumulate acetalde-
hyde due to polymorphism and/or mutation in the gene
coding for enzymes responsible for acetaldehyde genera-
tion and detoxification have been shown to have an in-
creased cancer risk (Harty et al., 1997; Yokoyama et al.,
1998a).

In addition to the action of acetaldehyde, other mecha-
nisms may be involved in the alcohol-associated carcino-
genic process:

1. A local toxic effect of alcohol that leads to membrane
and cell injury and subsequently to cellular proliferation.
Hyperproliferation itself increases susceptibility to con-
comitantly inhaled or ingested carcinogens. A perma-
nent hyperproliferation is also a first step in the multi-
step process of malignant transformation (Seitz et al.,
1998).

2. Induction of cytochrome P-4502E1 associated with an
increased production of reactive oxygen species and en-
hanced activation of a variety of procarcinogens, which
include nitrosamines (Seitz et al., 1998).

3. Alteration of the metabolism of retinol and retinoic acid
(RA) that leads to a decrease in RA, an important factor
for cell differentiation and regeneration (Seitz, 2000).

The aim of this symposium was to present an overview of
the latest knowledge about mechanisms by which alcohol
increases cancer risk. Thus we placed major emphasis on
acetaldehyde, especially generation by cellular enzymes
and also by bacteria. In addition, new data on the effect of
alcohol on retinol and RA metabolism, especially with
respect to early events in carcinogenesis, have been col-
lected. Finally, we used new findings to present a clearer
picture of the effect of alcohol on colorectal cancer.

DISCUSSION
Esophageal Cancer in Japan

Beginning in 1993, systematic screening of 2500 Japanese
alcoholic males via endoscopy combined with esophageal
iodine staining showed cancer in 135 patients, an extremely
high rate of 5.4%. Esophageal cancer was diagnosed in
3.8% of the patients, oropharyngeal and laryngeal cancer in
0.9%, and stomach cancer in 1.3% (Yokoyama et al., 1995).
Fourteen patients with esophageal cancer were multiple
cancer patients who also had oropharyngeal, laryngeal,
and/or stomach cancer. The high rate of esophageal cancer
found in this study was influenced by the sensitive method
of esophageal iodine staining. Endoscopic mucosal resec-
tion is now the treatment of choice in Japan. Patients
recover quickly from this procedure and are able to have
the same quality of life as before. About 80% of Dr.
Yokoyama’s patients with esophageal cancer were treated
by endoscopic mucosal resection.
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Eighty-six percent of Japanese alcoholics are also heavy
smokers. Multiple regression analysis revealed that the risk
for esophageal cancer slightly increased for users of stron-
ger alcoholic beverages (odds ratio [OR] = 1.81) and more
than 50 pack-years of cigarettes (OR = 1.69; Yokoyama et
al., 1996¢). These results stress the importance of the local
effect of ethanol and its solvent action on tobacco.

Importance of ALDH2*2 in the Role of Upper
Aerodigestive Tract Cancer

Approximately 40% of Japanese have inactive forms of
aldehyde dehydrogenase-2 (ALDH?2), in which the mutant
allele ALDH2*2 encodes an inactive subunit. When this
enzyme is inactive, the body fails to metabolize acetalde-
hyde, which rapidly leads to excessive accumulation of
acetaldehyde. In individuals with inactive homozygous
ALDH2%*2/2*2 and inactive heterozygous ALDH2*1/2%2,
blood acetaldehyde concentrations are approximately 19
and 6 times higher than in those with active ALDH2,
respectively. After drinking alcohol, persons with inactive
ALDH?2 exhibit the so-called flushing responses, which
include facial flushing, tachycardia, and drowsiness. By
causing severe acetaldehydemia and the flushing response,
the inactive ALDH?2 prevents many Japanese people from
drinking heavily and developing alcoholism. However, the
preventive effect of heterozygous inactive ALDH?2 is in-
complete. Individuals with the inactive enzyme often be-
come alcoholics. In fact, as many as 12% of Japanese
alcoholics have the heterozygous form of inactive ALDH2.

Dr. Yokoyama and his colleagues were the first to report
that among Japanese people, the inactive ALDH?2 encoded
by the ALDH2*1/2*2 gene is a strong risk factor for esoph-
ageal cancer in both every day drinkers and alcoholics
(Yokoyama et al., 1996a). A comprehensive study of the
ALDH?2 genotype and cancers prevalent in Japanese alco-
holics showed that the frequency of inactive ALDH?2 in-
creased markedly among alcoholics with cancer of the oral
cavity, oropharynx, hypopharynx, larynx, and esophagus
(Yokoyama et al., 1998a). The adjusted odds of those
cancers occurring in patients with inactive ALDH2 were
more than 10-fold the odds for patients with active
ALDH?2. For stomach and colorectal cancer, 3-fold higher
ORs for these cancers in alcoholics with inactive ALDH2
suggest that some of these cancers are also associated with
severe increased acetaldehyde levels. The ALDH2 effect
was not observed with liver cancer. Inactive ALDH?2 is also
a risk factor for synchronous (Yokoyama et al., 1996b) and
metachronous (Yokoyama et al., 1998b) development of
the multiple intraesophageal cancers of the esophagus in
alcoholics. One explanation why inactive ALDH2 and in-
creased acetaldehyde levels influence the development of
cancer in the esophagus is related to ethanol metabolism by
esophageal enzymes. Esophagus lacks ALDH2 activity but
strongly expresses alcohol dehydrogenase (ADH)-7 (o-
ADH), which is very active at high ethanol concentrations.
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After exposure to acetaldehyde derived from systemic, mu-
cosal, or salivary production or alcoholic beverages, ineffi-
cient degradation of the acetaldehyde in the esophagus may
enhance the risk. If the tissue concentrations of acetalde-
hyde were compared between esophagus and other tissues,
the enigma might be clear.

The Role of ADH2 Polymorphism in Upper Aerodigestive
Tract Cancer

Dr. Yokoyama and colleagues also investigated the role
of ADH 2 polymorphism. More than 90% of the Japanese
have superactive ADH2 encoded by homozygous ADH2%2/
2#2 or heterozygous ADH2%1/2*2. In vitro studies showed
that these superactive isozymes have 100 to 200 times
higher catalytic activity than the normal ADH2 encoded by
ADH2*1/2*1. The normal ADH2 is found in approximately
90% of Western people but in 7% of Japanese. Available
data in Asians have consistently shown that the normal
ADH?2 encoded by ADH2*1/2%] genotype is much more
prevalent in alcoholics than in nonalcoholic controls.

Dr. Yokoyama and his colleagues performed ADH2/
ALDH?2 genotyping in Japanese male alcoholics (526 can-
cer free, 31 with oropharyngolaryngeal cancer, 102 with
esophageal cancer, and 36 with stomach cancer). Among
the alcoholic population, individuals with normal ADH2*1/
2*1 were more frequently found in the alcoholics with
cancer in the oral cavity, oropharynx, hypopharynx, epilar-
ynx, and esophagus than in the cancer-free alcoholics
(Yokoyama et al, 1999). Logistic regression analysis
showed significantly increased risks for oropharyngolaryn-
geal cancer in the presence of the ADH2*1/2*1 (OR = 6.1
and 2.7, respectively) and ALDH2*1/2*2 (OR = 16.8 and
15.2, respectively), but the role of the inactive ALDH2
predominated over that of the normal ADH2. The ORs for
inactive ALDH2 were 3- to 6-fold those for normal ADH?2.
The role of ADH?2 in alcohol related carcinogenesis re-
mains puzzling. Investigators have failed to establish any
correlation between ADH2 genotype and peak levels of
blood acetaldehyde after drinking. The role of ADH?2 ge-
notype in carcinogenesis may differ from that of acetalde-
hyde. Some unestablished aspects in drinking behavior or
alcohol metabolism in alcoholics with normal ADH2 might
influence the risk for cancer.

For patients with inactive ALDH?2, the risks for multiple
cancers in two or three organs were markedly higher than
the risks for a single type of cancer. The positive association
with inactive ALDH2 was strong for multiple stomach
cancer patients who also had esophageal cancer but was not
observed for those with stomach cancer alone. These find-
ings support the hypothesis that the pathogenesis of stom-
ach cancer concurrent with esophageal cancer is associated
with acetaldehyde exposure and is distinct from other stom-
ach cancer.

For patients with both normal ADH2%*1/2*] and inactive
ALDH?2%*1/2*2 genotypes, the risks for oropharyngeal and
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esophageal cancers were multiply enhanced. It is interest-
ing that Dr. Yokoyama and colleagues found development
of tolerance for acetaldehyde in alcoholics with cancer with
inactive  ALDH2. Among the patients with inactive
ALDH?2, 52% of those who also had normal ADH2 had
never experienced alcohol flushing compared with only 8%
of those with superactive ADH2. Accordingly, individuals
with a combination of normal ADH2 and inactive ALDH2
should be at high risk for acetaldehyde-related cancers,
because as a result of the lack of protective alcohol flush-
ing, they are likely to develop alcoholism and to be exposed
to higher levels of acetaldehyde. Dr. Yokoyama’s data can
be summarized as follows: (a) The application of esopha-
geal iodine staining for alcoholics yields a higher rate of
cancer detection; (b) stronger alcoholic beverages and
heavy smoking are risk factors for upper aerodigestive tract
cancer; (c) inactive ALDH2 is a strong risk factor for
esophageal and multiple cancers in alcoholics, which sug-
gests a key role of acetaldehyde in carcinogenesis; (d)
Japanese alcoholics can be divided into subgroups depend-
ing on their cancer susceptibility based on the ADH2 and
ALDH?2 genotypes; and (e) the ADH?2 effect may be in part
explained by its influence on alcohol flushing.

Microbial Production of Acetaldehyde in Saliva

The production of acetaldehyde from ethanol in bron-
chopulmonary washings of humans due to bacteria was
shown several years ago (Miyakawa et al., 1986; Pikkara-
inen et al., 1981). The local acetaldehyde production in the
oral cavity from ethanol was almost totally abolished after
the volunteers rinsed their mouths with a local antiseptic,
which indicated that these acetaldehyde levels were of mi-
crobial origin (Miyakawa et al., 1986). Recent research by
Dr. Homann and colleagues revealed a substantial produc-
tion of acetaldehyde in the saliva of volunteers who con-
sumed moderate amounts of alcohol (0.5 g/kg body
weight). The highest acetaldehyde levels detected ranged
between 18.7 and 143.4 uM, and in all volunteers the peak
value was achieved within 40 min after ethanol ingestion
(Homann et al., 1997a). From this peak value, salivary
acetaldehyde levels decreased to a mean value of 1.3 uM
after 240 min. This acetaldehyde production was decreased
significantly after treatment with the antiseptic chlorhexi-
dine. In vitro results showed that this acetaldehyde produc-
tion was associated strongly with the ethanol concentration,
mainly of microbial origin, pH dependent, and capable of
being inhibited by 4-methylpyrazole, an ADH inhibitor.
These in vivo salivary acetaldehyde levels would be suffi-
cient to cause severe mutagenic damages. Homann and
coworkers also showed significantly increased salivary ac-
etaldehyde levels in heavy drinkers and smokers (Homann
et al., 2000a). Smoking showed a positive linear correlation,
and it can be estimated that a smoker with a daily con-
sumption of approximately 20 cigarettes has an increased
salivary acetaldehyde production of about 50% to 60%.
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This implies that smokers even after moderate alcohol
intake produce much higher levels of carcinogenic acetal-
dehyde in the oral cavity than nonsmokers. Alcohol seems
to interact and increase salivary acetaldehyde production
only if consumed heavily (>40 g/day). When an increase is
observed, it is dose-dependent and it increases salivary
acetaldehyde levels on average by about 50%. Smoking and
alcohol together further increase the salivary acetaldehyde
production by about 100% as compared with nonsmokers
and moderate alcohol consumers. Studies on human saliva
showed that mainly aerobic bacteria are associated with
increased acetaldehyde production. Streptococcus saliva-
rius, hemolytic viridans group Streptococci, Corrynebacte-
rium sp., Stomatococcus sp., and yeasts are microbes asso-
ciated with an increased acetaldehyde production. Studies
focusing on yeasts in saliva clearly showed that yeast colo-
nization was significantly higher in high-acetaldehyde-
producing salivas than in low-acetaldehyde-producing sali-
vas (Tillonen et al., 1999). Among carriers, the density of
the yeasts was higher in the high than in low acetaldehyde
producers. Moreover, Candida albicans strains isolated
from the high-acetaldehyde-producing salivas formed sig-
nificantly higher acetaldehyde levels from ethanol than
Candida albicans strains from low-acetaldehyde-producing
salivas.

More recently, it has been shown that microbial acetal-
dehyde is significantly increased in patients with poor oral
status (Homann et al., 2001). Thus, the microbial conver-
sion from ethanol to acetaldehyde could be one explana-
tion for the observed increased cancer risk in alcoholics
with poor oral hygiene.

Possible Role of Microbial Acetaldehyde Production in
Saliva in Ethanol-Associated Carcinogenesis

There is also experimental evidence that the microbial
saliva acetaldehyde production from ethanol might be a
major factor in ethanol-associated carcinogenesis. It has
been shown that chronic alcohol consumption results in
hyperproliferation of the esophageal mucosa and this in-
crease is only seen when normal salivary function is guar-
anteed. Animals that did not produce saliva due to the
removal of salivary glands revealed a normal proliferation
pattern after chronic alcohol ingestion of the upper aero-
digestive tract (Simanowski et al., 1993). Homann and co-
workers demonstrated that the hyperproliferation seen af-
ter chronic alcohol consumption is also found after chronic
acetaldehyde administration in drinking water (Homann et
al., 1997b). Such an acetaldehyde administration causes
hyperplastic and hyperproliferative changes in the tongue,
epiglottis, and forestomach. Finally, it has been shown that
acetaldehyde in concentrations observed in the colonic lu-
men (Jokelainen et al., 1996) may destroy folate (Shaw et
al., 1989). Epidemiological studies have underlined the
importance of folate in colorectal cancer, and it has been
demonstrated that individuals with low folate, low methio-
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nine, and an increased alcohol consumption of more than
20 g/day had a 7-fold increased risk to develop distal colon
cancer (Giovannucci et al., 1995). Homann and coworkers
investigated folate levels in the colon of rats and showed
that high acetaldehyde levels correlated with low folate
concentrations and that this effect was abolished by the
administration of antibiotics that destroyed fecal bacteria
capable of producing acetaldehyde (Homann et al., 2000b).
It can be concluded that besides the production of acetal-
dehyde from cellular ethanol metabolism, microbes also
may produce acetaldehyde and this may be important in the
upper aerodigestive tract. Salivary acetaldehyde levels are
increased by smoking and poor oral hygiene, but acetalde-
hyde may also be high in the large intestine and may
destroy folate.

High Salivary Acetaldehyde Levels in ALDH?2-Deficient
Subjects After Moderate Alcohol Ingestion

Dr. Vikeviinen and coworkers presented data about
acetaldehyde in saliva of individuals with inactive ALDH2.
They clearly showed a significant increase in salivary acet-
aldehyde levels in these individuals compared with controls
with normal ALDH2. This may explain the high risk for
upper aerodigestive tract cancer in Japanese alcoholics
with inactive ALDH2, due to increased acetaldehyde con-
centration in the saliva (Vakevéinen et al., 2000). Thus, for
the first time, a link between genetically determined ADH
activity, acetaldehyde concentration, and cancer risk has
been established.

Ethanol Effects on Retinol and RA Metabolism and Its
Role in Early Carcinogenesis

Dr. Wang and colleagues have accumulated new insight
into the interaction between alcohol and vitamin A metab-
olism. In a series of experiments, they investigated the
effect of alcohol on retinol and RA metabolism as well as
its effects on transcellular signaling and early events in
carcinogenesis. Chronic alcohol consumption affects sev-
eral aspects of vitamin A metabolism, which include vita-
min A malabsorption, enhanced degradation in the liver,
and an increased mobilization of vitamin A from the liver
to other organs. These ethanol-induced changes can de-
crease liver levels of both retinol and retinol esters, which
are precursors of RA (Leo and Lieber, 1982). A number of
investigations also have demonstrated that ethanol acts as a
competitive inhibitor of retinol oxidation in the liver,
thereby reducing the biosynthesis of retinoic acid. Dr.
Wang has shown that treatment of rats with high doses of
ethanol significantly reduced retinol palmitate and retinol
concentrations in the liver as compared with animals pair-
fed an isocaloric control diet that contained the same
amount of vitamin A. However, RA levels in the liver of the
ethanol-fed rats were decreased to a much greater extent
(Wang et al., 1998). Thus, it appears that ethanol causes a
local deficiency of RA in the liver that results from an
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enhancement of RA catabolism in addition to a decreased
biosynthesis of RA (Wang, 1999). Dr. Wang further inves-
tigated the role of this increased catabolism of RA into
4-oxo RA and 18-hydroxy RA in rat liver. Both ethanol-
exposed and non-ethanol-exposed rats were treated with or
without chlormethiazole, a specific CYP2EL1 inhibitor, for 1
month (Liu et al., 2001). In vitro incubation of RA in
microsomal fractions of liver tissue that contained cyto-
chrome P-450 from either ethanol-exposed or non-ethanol-
exposed rats were carried out by using chemical inhibitors
and antibodies against various cytochrome P-450s. The
results showed that treatment with chlormethiazole in
ethanol-fed rats in vivo restored both hepatic and plasma
RA concentrations to normal levels (Liu et al., 2001). The
enhancement of RA catabolism by ethanol in vitro was
inhibited by both cytochrome P-4502E1 antibody and spe-
cific inhibitors (allylsulfide and chlormethiazole), whereas
the metabolism of RA into polar metabolites was abolished
completely by nonspecific cytochrome P-450 inhibitors (dis-
ulfirame and liarozole). From these experiments, it was
concluded that ethanol-induced cytochrome P-4502E1
plays a major role in the degradation of RA (Liu et al,,
2001). Dr. Wang further investigated the effect of chronic
alcohol consumption on RA receptors in the liver and on
the expression of AP1 gene (C-jun and C-fos) and found
that chronic alcohol consumption resulted in a functional
down-regulation of RA receptors and an increased expres-
sion up to 10-fold on AP1 gene (Wang et al., 1998). This
was associated with hyperproliferation in the liver. Most
interestingly, supplementation of the animals with RA
which led to normal RA levels in the liver not only de-
creased AP1 gene expression but also normalized hepatic
regeneration. These data indicate an important role of low
RA levels in the liver and possibly also in other tissues due
to chronic alcohol consumption in the carcinogenic process,
because RA is an important factor in regulating cell regen-
eration and cell differentiation.

Alcohol and Colorectal Cancer

It was concluded by a recent consensus conference on
nutrition and cancer that alcohol is a risk factor for colo-
rectal cancer even at low daily intake (Scheppach et al.,
1999). More than 60 epidemiological studies have been
performed on alcohol and colorectal cancer, and the ma-
jority of these studies support such a correlation. Clinically
it was found that alcoholics revealed a disturbed morphol-
ogy in rectal biopsies with crypt destruction and inflamma-
tion, which returned completely to normal after 3 weeks of
withdrawal (Brozinski et al., 1979). Seitz and colleagues
showed that, indeed, chronic alcohol consumption resulted
in an increased crypt cell production rate and an extension
of the proliferative compartment of the crypt in rodents.
This was associated with a decrease of the functional com-
partment (Simanowski et al., 1986, 1994). They extended
their studies to humans and again found that chronic alco-
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holics had an increased proliferation in their crypts with
extension of their proliferative compartments, a condition
associated with an increased risk for cancer (Homann et al.,
1996).

There is some evidence that acetaldehyde is involved in
these observed morphological alterations as precursors for
colorectal cancer:

1. Crypt cell production rate correlated significantly with
acetaldehyde levels in the colonic mucosa (Simanowski
et al., 1994).

2. Animal experiments showed an increased occurrence of
colorectal tumors induced by a specific carcinogen,
when cyanamide, an acetaldehyde dehydrogenase inhib-
itor, was applied and acetaldehyde levels were increased
(Seitz et al., 1990).

3. High acetaldehyde levels occur in the colon due to
bacterial production (Jokelainen et al., 1996), and this
acetaldehyde is capable of destroying folate, as discussed
previously (Homann et al., 2000c; Shaw et al., 1989).

4. As Dr. Yokoyama has shown, individuals with inactive
form of ALDH2 exhibit an increased risk also for colo-
rectal cancer (Yokoyama et al., 1998a).

Seitz and colleagues have investigated ADH phenotypes
in the colorectal mucosa of alcoholics with and without
cancer or polyps and have shown that class IV ADH (o-
ADH) is absent in the normal colorectal mucosa. However,
0-ADH is expressed in adenomatous tissue of polyps in
some patients. The reason for this expression is not clear.
However, because class IV ADH is able to metabolize
retinol to RA, its expression in polyps may demonstrate RA
deficiency and an attempt to increase RA in the precan-
cerous conditions of polyps. Furthermore, an increased
allele frequency of ADH3*1 was found in patients with
colorectal cancer as compared with alcoholics of similar age
without cancer.

In addition, cytochrome P-4502E1 is induced in the colo-
rectal mucosa not only in animals (Hakkak et al., 1996) but
also in humans after ethanol ingestion. This induction may
lead to the production of reactive oxygen species (ROS). In
a series of experiments in rodents, alcohol-induced hyper-
proliferation of the colorectal mucosa could be inhibited
partly by the concomitant administration of vitamin E,
which demonstrated that this inhibition is possibly due to a
reduction of ROS by vitamin E application (Vincon et al.,
2000). In conclusion, chronic alcohol consumption is asso-
ciated with an increased risk for colorectal cancer. Acetal-
dehyde produced by mucosal ADH and by bacteria seems
to be an important pathophysiological factor for alcohol-
associated colorectal carcinogenesis. ROS also could be
involved in the process.

Significance

The data presented in this symposium underline the
importance of acetaldehyde as a carcinogenic factor in
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alcohol-associated cancer development in the upper aero-
digestive tract and colorectum.

It could be demonstrated that individuals with either
increased production of acetaldehyde due to ADH3*1 al-
lele or decreased degradation of acetaldehyde due to inef-
fective ALDH, both of which lead to acetaldehyde accu-
mulation, have an increased risk for alcohol-associated
cancer. It also was shown that ALDH2 deficiency increases
salivary acetaldehyde, which supports genetic data. In ad-
dition, acetaldehyde is produced by oral and fecal bacteria,
and salivary acetaldehyde is elevated in individuals with
poor oral hygiene and in smokers.

Another mechanism by which alcohol affects cancer de-
velopment is by its interaction with retinoids. In this con-
text, it is of considerable importance to note that produc-
tion of RA in the liver and possibly also in extrahepatic
tissues during chronic ethanol consumption significantly
decreased. This is primarily due to an increased metabolism
of RA via induced cytochrome P-4502E1 and to an inhibi-
tion of the conversion of retinol to RA by ethanol. Low RA
concentrations initiate early events in carcinogenesis such
as an increased expression of AP-1 gene, which leads to
hypoproliferation, a premalignant condition.

Finally, cytochrome P-4502E1 induction in the colon of
rats leads to the generation of free oxygen species, which
partly could be prevented by vitamin E.
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