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Abstract

Acetaldehyde, a product of alcohol metabolism, has been recognized a risk factor for carcinogenesis. To clarify the
carcinogenic effects of acetaldehyde in the oral cavity and mechanisms involved, normal oral epithelial cells were
incubated with several concentrations of acetaldehyde and assays of genetic and epigenetic changes were performed.
Acetaldehyde induced malignant transformation of normal oral epithelial cells and demethylation of the erbB2 gene. In
addition, regulation of DNA methylation was suppressed when cells were subjected to alternating exposure to medium
containing acetaldehyde and medium without acetaldehyde. These findings suggest that habitual alcohol drinking
increases the risk of developing oral cancer, and that an appropriate abstinence period may reduce this risk.
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Introduction

Cancer is one of the most common diseases worldwide,
with a high annual mortality. Cancer is characterized by ab-
normal cell proliferation, gene mutation, metastasis to other
organs, and invasion to mesenchymal tissue. Despite exten-
sive research on the mechanisms involved, including carcino-
genesis itself, many details remain unclear. Oral squamous
cell carcinoma (OSCC) is an invasive epithelial neoplasm of
the oral cavity showing various degrees of squamous differ-
entiation. Kusama, et al. have previously shown that OSCC ex-
hibits p53 mutation, and have suggested that this is involved
in the early stage of the dysplasia-carcinoma sequence in oral
squamous epithelium [1].

Epidemiological studies have shown that alcohol is a risk
factors for carcinogenesis along with smoking [2,3]. When al-
cohol is ingested, it is metabolized to acetaldehyde by alcohol
dehydrogenase (ADH), and then further to acetic acid and wa-
ter by aldehyde dehydrogenase (ALDH) [4]. It is thought that
the rate of DNA damage, and thus carcinogenesis, increases
under circumstances where ALDH deficiency causes tissues
to be exposed to acetaldehyde for a relatively long time. In
addition, it has been reported that alcohol induces epigenetic
change in oral epithelial cells, and that the acetaldehyde con-
centration in the oral cavity is much higher in drinkers than
in non-drinkers, since certain oral bacteria produce acetal-
dehyde through alcohol decomposition [5,6]. These findings

suggest that alcohol/acetaldehyde play a causative role in
oral cancer.

The aim of the present study was to clarify the carcinoge-
netic effect of acetaldehyde in the oral cavity and the mech-
anisms involved.

Materials & Methods

Cell line

Normal Human Keratinocytes were purchased from Cell
Research and incubated with RPMI1640 medium in a humid-
ified atmosphere of 5% CO, at 37 °C. For studies, cells were
incubated with 0.01, 0.05, 0.1% of acetaldehyde for several
days. The concentration of acetaldehyde was adjusted based
on the blood equivalent percentage.
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Table 1: Primer sequences for real-time PCR.

Reverse Product size
ggtgaagacgccagtgga 137 bp
agcagaggtgggtgttatgg 648 bp
tggacaaagtttcgtggatg 221 bp
ctcccactecttgaccttca 169 bp
tctgagtcaggcccttctgt 157 bp

Table 2: Primer sequences for bisulfate-PCR.

Forward
GAPDH gcaccgtcaaggctgagaac
erbB2 acagtggcatctgtgagctg
Myc tcggggctttatctaactcg
APC aaacgagcacagcgaagaat
p53 gttccgagagctgaatgagg

Forward

upstream-erbB2 agggaatttatcccg
upstream-APC acttccttgettgetgggga
upstream-p53 cttgcagaattttccacccc

Reverse Product size
ccaggcctgegegaag 143 bp
caccaatacagccacatgtc 244 bp
aaaaccccaatcccatcaa 192 bp
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Figure 1: Effect of acetaldehyde on DNA methylation or malignant transformation. (a) Methylation assay showed that long-term
incubation (3 weeks) and with a high concentration of acetaldehyde reduced the methylation status of DNA; (b) Transformation assay
showed that cells tended to become malignant in a dose- and time-dependent manner. Each bar represents the mean + SD for three

Malignant transformation assay

To study the effect of acetaldehyde to oral cells, malignant
transformation assay was carried out by using CytoSelect 96-
well cell Transformation Assay Kit (Cell Biolabs) in accordance
with the protocol, and absorbance of 485/520 nm was mea-
sured following solubilized the agar.

DNA methylation assay

For DNA methylation assay, Methyl Flash Global DNA
Methylation (5-mC) ELISA Easy Kit (EPIGENETEK) was used in
accordance with the protocol. DNA which was isolated after
the incubation was binded to assay wells and complexed with
5-mC Detection Complex Solution, then measured the absor-
bance of 450 nm.

Real-time RT-PCR

Real-time RT-PCR was performed by using a One-Step
SYBR Prime Script RT-PCR Kit Il (Takara), and Thermal Cycler
Dice Real Time System (Takara) in accordance with the stan-
dard protocol. The primers, based on sequences for erbB,
Myc, APC and p53, are shown at Table 1.

Bisulfate-PCR

DNA was treated with hydrogen sulfite bisulfate to base
substitute cytosine for uracil. If the cytosine was methylated,
base substitution did not occur because it was protected by
the methyl group. PCR and electrophoresis were then per-
formed using the specific primer for upstream of each gene
(Table 2) and 2% agar gel.

Results

After incubation of cells in the presence of several concen-
trations of acetaldehyde for several days, DNA methylation
assay was performed. Acetaldehyde tended to decrease DNA
methylation in a dose- and time-dependent manner, especially
1 and 3 weeks incubation (Figure 1a). Then, malignant trans-
formation assay was performed after 1 and 3 weeks incubation
with acetaldehyde. The degree of malignant transformation
tended to increase dose- and time-dependently (Figure 1b).

Gene expression analysis of erbB2, Myc, APC and p53 was
performed by the real-time RT-PCR method. The expression
levels of all genes examined were increased after exposure
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Figure 2: Effect of acetaldehyde on gene expression and demethylation. (a) Real-time RT-PCR showed that the expression levels of all
genes examined were increased by acetaldehyde at a concentration of 0.05%, and that the levels of oncogene expression were slightly
increased even at a concentration of 0.1%; (b) Bisulfite-PCR suggested that acetaldehyde induced demethylation of erbB2. Each bar
represents the mean + SD for three independent experiments. M: PhiX174 DNA-Hae Il Digest.
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Figure 3: Effect of an intervening resting day.

Incubation with a change of medium every 2 days appeared to promote DNA methylation. Each bar represents the mean + SD for three
independent experiments.

to 0.05% acetaldehyde, and the levels of erbB2 and Myc ex-  for evaluation of the methylation status. Although the APC
pression were slightly increased even after exposure to 0.1%  and p53 genes were not detected, it was suggested that acet-
acetaldehyde (Figure 2a). Bisulfate-PCR was then performed  aldehyde induced demethylation of erbB2 (Figure 2b).
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Medium containing acetaldehyde was exchanged for
normal medium alternately every 1 or 2 days, and then DNA
methylation assay was performed. The ratio of DNA methyla-
tion was up-regulated when medium exchange was conduct-
ed every 2 days (Figure 3).

Discussion

The oral cavity is an area frequently exposed to a variety
of stimuli, including hard (sharp) sensation, heat, cold, and
spiciness, and it is known that chronic mechanical stimulation
can increase the possibility of carcinogenesis. The oral cavity
is also one of the early routes of bacterial and/or viral infec-
tion, so it is easy to speculate that these foreign bodies may
also contribute to carcinogenesis [7-10]. Thus, it is recognized
that the oral cavity represents an area where a variety of car-
cinogens are constantly present, making it difficult to reveal
the causes of oral carcinogenesis.

Although genetic mutations were not detected in present
study, it has been reported that oral cancer carries mutations
in the p53, PI3K and PTEN genes, and also in mitochondrial
DNA [11-17], suggesting that acetaldehyde could be responsi-
ble for such mutations. Comprehensive gene expression anal-
ysis will be one of the challenges for the future.

In this study, the expression levels of the four genes ex-
amined were reduced in the presence of 0.1% acetaldehyde,
perhaps due to the cytotoxic effect of acetaldehyde. Many
other substances are known to exert such a cytotoxic effect,
and normal cells are more susceptible to such effects than tu-
mor cells in general. Although cells derived from oral cancer
were not used in this study, acetaldehyde at concentrations
higher than 0.1% may be needed in order to obtain meaning-
ful experimental data for oral cancer cells.

Although a number of studies have investigated the Epi-
genetics of the EGFR gene in oral cancer [18-20], there is little
information for other members of erbB gene family. In this
study, expression and demethylation of the erbB2 gene were
promoted by acetaldehyde. ErbB2 is a receptor type tyrosine
kinase thought to form heterodimers with other erbB mol-
ecules to potentiate intracellular signals including the PI3K/
AKT and RAS/MAPK pathways [21-24]. It is likely that promo-
tion of the demethylation and expression of the erbB2 gene
by acetaldehyde would lead to further proliferation of cells
through the formation of more heterodimers. In addition, if
genetic mutations occur in erbB2, the cell cycle would likely
become perturbed, leading to progression of canceration.

It was suggested that methylation was promoted when
oral normal cells were subjected to alternating culture in
medium with and without acetaldehyde every two days.
Contrary to demethylation, such promotion of methylation
would be expected to suppress excessive gene expression,
suggesting that moderate intervals of alcohol consumption
with a rest day might have an inhibitory effect on excessive or
extra gene expression.

Excessive alcohol consumption can contribute to a variety
of diseases, including cancer, as well as creating social prob-
lems and disrupting relationships. However, there is an ad-
age in Japan that says "alcohol is the best of a hundred med-

icines," and when consumed in moderation and at moderate
intervals, it may help to reduce stress, prevent cancer, and
build more amicable relationships.
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