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Abstract Esophageal cancer is the eighth most common
incident cancer in the world and ranks sixth among all
- cancers in mortality. Esophageal cancers are classified into
two histological types; esophageal squamous cell .carci-
noma (ESCC), and adenocarcinoma, and the incidences of
these types show a striking variety of geographic distri-
bution, possibly reflecting differences in exposure to spe-
cific-environmental factors. Both alcohol consumption and
cigarette smoking are major risk factors for the develop-
ment of ESCC. Acetaldehyde is the most toxic ethanol
metabolite in alcohol-associated carcinogenesis, while
ethanol itself stimulates carcinogenesis by inhibiting DNA
methylation and by interacting with retinoid metabolism.
Cigarette smoke contains more than 60 carcinogens and
there are strong links between some of these carcinogens
and various smoking-induced cancers; these mechanisms
are well established. Synergistic effects of cigarette
smoking and alcohol consumption are also observed in
carcinogenesis of the upper aerodigestive tract. Of note,
intensive molecular biological studies have revealed the
molecular mechanisms involved in the development of
ESCC, including genetic and epigenetic alterations. How-
ever, a wide range of molecular changes is associated with
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ESCC, possibly because the esophagus is exposed to many
kinds of carcinogens including alcohol and cigarette
smoke, and it remains unclear which alterations are the
most critical for esophageal carcinogenesis. This brief
review summarizes the general mechanisms of alcohol-
and smoking-induced carcinogenesis and then discusses the
mechanisms of the development of ESCC, with special
attention to alcohol consumption and cigarette smoking.
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Introduction

The International Agency for Research on Cancer (IARC)
has concluded from epidemiological data that the occur-
rence of malignant tumors of various organs, including the
head and neck region, esophagus, Liver, colorectum, and
breast, is causally related to chronic alcohol consumption
[1-3]. Cigarette smoking also causes more than one million
cancer deaths per year in the world. About 90% of Iung
cancer is attributed to smoking [4-6]. The molecular
mechanisms involved in alcohol- and smoking-related
carcinogenesis have been clarified, although they are not
fully understood [3, 5].

Although the precise etiology of cancers in the upper
aerodigestive tract (UADT) (i.e., oral cavity, pharynx,
larynx, and esophagus) still remains unclear, dietary and
environmental factors are strongly implicated. Cigarette
smoking and alcohol consumption are considered to be
significant risk factors for esophageal squamous cell car-
cinoma (ESCC) [7-9). Various kinds of genetic abnor-
malities have been investigated in ESCC, including the
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activation of oncogenes and inactivation of tumor-sup-
pressor genes, and a large. body of knowledge has been
obtained concerning esophageal carcinogenesis [10, 11].
However, direct evidence showing a causal relationship of
alcohol consumption or cigarette smoking with the genetic
abnormalities observed in ESCC is insufficient. This brief
review discusses the general molecular mechanisms of
alcohol- and smoking—related carcinogenesis and then
addresses the genetic alterations in ESCC, with attention to
alcohol and cigarette smoke.

Molecular mechanism of alcohol-related carcinogenesis
(Fig. 1)

Well-established carcinogens in alcohol
and its metabolites

The mechanisms of ethanol-induced carcinogenesis are
closely related to the metabolism of ethanol [3]. Ethanol is
oxidized by alcohol dehydrogenase (ADH) in the liver,
which results in the generation of acetaldehyde (AD). AD
is then metabolized fo acetate by aldehyde dehydrogenase-

2 (ALDH2). AD is a carcinogen in various animals,

.because AD may induce gene mutations [3, 12]. Epide-
miological studies clearly demonstrate that the inactive
ALDH?2 encoded by the ALDH2*1/2*2 genotype, which
causes an increased accumulation of AD following alcohol
consumption, is a strong risk factor for the development of
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Fig. 1 Schematic presentation of ethanol metabolism and its role in
carcinogenesis. ADH alcohol dehydrogenase, CYP2E! cytochrome
P450 2E1, ALDH aldehyde dehydrogenase, RA retinoic acid, RAR RA
receptor, EGFR epidermal growth factor receptor, COX-2 cycloox-

genase-2, ROS reactive oxygen species, iNOS inducible nitric oxide
synthase, NO nitric oxide, SAM S-adenosyl-L-methionine
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UADT cancers, in particular esophageal cancer [13, 14].
This fact indicates the carcinogenicity of AD.

There are unique mechanisms of topical AD production
from local ethanol in the UADT [14]. Increasing alcohol
consumption results in increasing AD concentration in the
saliva which is higher than that in blood. The normal oral
microflora can oxidize ethanol to AD, and this contributes
to the AD level in the saliva. Moreover, because further
metabolism of AD to acetate by oral bacteria is limited, the
AD concentration in the saliva can be 10~100 times higher
than that in the blood [15]. It is possible that AD is
involved in UADT carcinogenesis, including carcinogen-
esis in the esophagus, because AD in saliva comes into
direct contact with the mucosa of the UADT [3, 14].

General mechanisms of alcohol-induced carcinogenesis

AD interacts with DNA to form stable DNA adducts [3]. If
AD-induced DNA adducts escape cellular repair mecha-
nisms and persist, they may lead to miscoding, resulting in
permanent gene mutations [16]. For example, AD causes
point mutations in the hypoxanthine phosphoribosyl-
transferase (HPRT) 1 gene locus in human lymphocytes
and- induces sister chromatic exchanges and gross chro-
mosomal aberrations [17, 18]. In fact, a high level of AD-
DNA adducts has been found in lymphocyte DNA from
alcoholic patients [19].

One of the important AD-induced DNA adducts is o-

‘ methyl-y-OH-propano-deoxyguanosine (Cr-PdG). Cr-PdG

is highly mutagenic and the formation of this DNA adduct
can be facilitated in the presence of polyamines [3, 20].
Relevant polyamine concentrations are present in tissues
that are in hyper-regenerative environments. Chronic
alcohol consumption causes such an environment in the
mucosa of the UADT [21], brought about by the high
concentration of AD in the saliva [22]; thus leading to the
generation of highly mutagenic Cr-PdG adducts in these
tissues. This process may be related to carcinogenesis of
the UADT, including the esophagus [3]. AD also binds to
various proteins involved in DNA repair and DNA meth-
vlation and causes structural and functional alterations in
these proteins [3, 23].

Reactive oxygen species (ROS) such as superoxide
anion (O,7) and hydrogen peroxide (H,0,) are generated
by several enzyme systems, including cytochrome P450
2E1 (CYP2El)-dependent microsomal monooxygenase.
Chronic alcohol consumption in animals and humans
induces the hepatic CYP2E1 enzyme at concentrations 10—
20 times higher than those in subjects without chronic
alcohol conmsumption [24, 25). CYP2E! induction by
alcohol has also been confirmed in the gastrointestinal
mucosa of animals [26]. CYP2El has a high rate of
nicotinamide adenine dinucleotide phosphate, reduced
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(NADPH) oxidase activity and produces a large amount of
O,™ and H,0,. Furthermore, chronic alcohol consumption
also induces nitric oxide synthase and increases nitric oxide
production, leading to the generation of highly reactive
peroxynitrite (ONOOT™) [3, 27]. The ROS cause oxidative
injury, inflammation, and lipid peroxidation [24]. Lipid
peroxidation leads to the production of 4-hydroxynonenal,
. which reacts with DNA bases such as deoxyadenosine and
deoxycytidine and forms exocyclic ‘PNA- adducts, which
are highly mutagenic and induce a point mutation at the
hotspot of the p53 gene [3, 28]. Therefore, the oxidative
stress caused by ROS is accepted as a critical pathophys-
iological mechanism in various human diseases, including
cancer. In fact, malignant tumors often show increased
levels of DNA base oxidation and mutations [29].

Ethanol itself may also stimulate carcinogenesis by
inhibiting DNA methylation and by interacting with reti-
noid metabolism [3]. The methylation and the demethyla-
tion of genes are among the most important mechanisms
for the regulation of gene transcription [30]. S-Adenosyl-L-
methionine (SAM) is a universal methyl group donor and
enzyme activator in methyl transfer reactions, and alcohol
consumption inhibits SAM synthesis [31]. For example, the
inhibition of SAM synthesis by alcohol leads to global
hypomethylation of hepatic DNA but not of the p53 gene,
resulting in the upregulation of oncogenes and downregu-
lation of tumor-suppressor ‘genes {32}, Therefore, aberrant
methyl transfer caused by the inhibition of SAM synthesis
“may be important for alcohol-mediated carcinogenesis [3].
Retinoic acid (RA) regulates the transcription of many
genes that are important for cellular growth and differen-
‘tiation by signaling through its nuclear receptors (RARS)
[7]. Chronic alcohol consumption decreases RA concen-
trations in the liver by inducing CYP2E1 [33]. The dis-
ruption of RA metabolism and signaling may have an
important role in carcinogenesis. For example, in the rat
liver, the decrease in the RA level induced by alcohol
results in the downregulation of RARs and the enhance-
ment of AP-1 (c-Jun and c-Fos) expression, thus resulting
in the hyperproliferation of hepatic cells and a decrease of
apoptosis [3, 34].

Molecular mechanism of smoking-related
carcinogenesis (Fig. 2)

Well-established carcinogens in cigarette smoke

Cigarette smoke is a cause of lung cancer, as well as being
a cause of esophageal, oral, pharyngeal, laryngeal, pan-
creatic, and other cancers [5]. Cigarette smoke contains
more than 60 carcinogens that have been evaluated by the
IARC [4, 5]. Fifteen of these compounds are carcinogenic
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Fig. 2 Schematic presentation of compounds in cigarette smoke and
their roles in carcinogenesis. PAH polycyclic aromatic hydrocarbons,
GST glutathione-S-transferases, UDP-GT uridine diphosphate—glu-
curonosyl transferases, EGFR epidermal growth factor receptor,
COX-2 cyclooxygenase-2

in humans, with polycyclic aromatic hydrocarbons (PAHs)
and N-nitrosamines being the most important carcinogens
in cigarette smoke. There are strong links between these
carcinogens and various types of smoking-induced cancers
[35]. The mechanisms of their actions are believed to be
the induction of DNA adducts, gene methylation and
mutation, and chromosomal translocation in target organs
[5. 7]

Benzo{alpyrene (BaP) is one of the 10 PAH compounds
listed by the JARC as carcinogens [4]. It has powerful
carcinogenic activity and is considered to be carcinogenic
to humans [36). PAHs are usually locally acting carcino-
gens, and they also induce various kinds of cancer
depending on the route of administration [5]. Although a
causal link has been established between PAHs and cancer
in skin, lung, and bladder cancers, evidence linking indi-
vidual PAHs to ESCC is based only on ecological studies
and is therefore circumstantial [37]. Evaluating the asso-
ciation of PAHs with ESCC has proven difficult, partly
because there are no valid and reliable markers of long-
term exposure to PAHs that can be used in epidemiological
studies [37].

N-Nitrosamines also cause various cancers in several
animal models [37]. The important N-nitrosamines in cig-
arette smoke are N-nitrosamines 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK) and N’-nitrosonornicotine
(NNN). The tobacco-specific NNK is a potent lung car-
cinogen in animals and also induces pancreatic and nasal
cavity tumors [38]. NNN is the most prevalent N-nitrosa-
mine carcinogen in cigarette smoke, which causes tumors
of the esophagus in rats [5, 39, 40].
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~ Aromatic amines, formaldehyde, volatile hydrocarbons,
organic compounds, metals, and other ‘compounds con-
tained in cigarette smoke are listed as carcinogens in
humans by the IARC (reviewed by Hecht [5]). Cigarette
smoke contains free radicals and induces oxidative damage
[41]. Freshly generated cigarette smoke contains large
amounts of nitric oxide and other unstable oxidants [42].
* However; the role of oxidative damage as a cause of spe-
cific tobacco-induced cancers remains unclear [35].

General mechanisms of smoking-induced
carcinogenesis

The major established pathway of carcinogenesis by cigarette
smoke is the formation of covalent bonds between the car-
cinogens in smoke and DNA, which produces DNA adducts,
resulting in permanent mutations in critical genes such as
oncogenes and tumor-suppressor genes in somatic cells {5].

Most of the cigarette smoke carcinogens are oxygenated
by cytochrome P450 enzymes and are converted to a form
that is highly soluble in water.[43]. However, some of the
intermediates are quite reactive with DNA, resulting in the
formation of DNA adducts {43, 44], which are central to
‘the carcinogenic process [45]. This process is known as the
metabolic activation of carcinogens [35]. The balance

“between the metabolic activation of carcinogens and
detoxification by various enzymes, including glutathione-
S-transferases [46] and uridine diphosphate (UDP)-glu-
curonosy! transferases [47], varies among individuals and
is likely to affect cancer susceptibility. The levels of DNA
.adducts in the lung and other tissues are higher in smokers
than in nonsmokers, and some data have demonstrated
links between higher adduct levels and a higher probability
of cancer development [6].

DNA adducts can be eliminated in normal cells by
elaborate DNA repair systems [48]. For example, adducts
of PAHs are repaired by nucleotide excision repair, and
miscoding in methylated base O°-methylguanine is
repaired by a direct repair system with O°-methylguanine
DNA methyltransferase. DNA adducts persist if these
repair systems are insufficient or overwhelmed by the
amount of DNA damage. Mutations may arise during DNA
replication if persisting DNA adducts are bypassed incor-
rectly by DNA polymerase, leading to dysregulation of
normal cell growth and apoptosis, genomic instability, and
a higher probability of cancer development [48, 49].

DNA adducts induced by different carcinogens may
have significantly different mutational properties. There-
fore, it is useful to identify the link between DNA damage
and specific mutations in tumor cells in order to elucidate
the role that environmental elements play in carcinogenesis
in humans [35]. The available data indicate that many
DNA adducts associated with cigarette smoke exposure
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may frequently produce G-to-T transversions [42]. For
example, the mutational spectrum of the p53 tumor-sup-
pressor gene in lung cancer cells is similar to the mutation
patterns induced in vitro by PAH metabolites [35, 50, 51].
The major adduct of BaP produces a G-to-T transversion
[52] and the frequency of the G-to-T transversion is sig-
nificantly higher in smokers than that in nonsmokers [35].

‘Methylated CpG dinucleotides are the preferred sites for G-

to-T transversion, and the striking sequence specificity of
benzo[alpyrene-7,8-diol-9,10-epoxide (BPDE) for pro-
ducing G-to-T transversion hotspots at methylated CpG
sequences is similar to the distribution of G-to-T trans-
version hotspots in smoking-associated lung tumors [35,
51, 531

Other possible mechanisms of smoking-induced
carcinogenesis

There are other pathways in which carcinogens in cigarette
smoke cause cancers. Nicotine, the main known addictive
agent in cigarette smoke, may be at.least partially involved
in the initiation, promotion, and even progression of tumors
[54, 55]. Nicotine modulates the phenotype of normal
airway epithelial cells by rapidly activating Akt, a serine/
threonine kinase, leading to decreased apoptosis and
increased angiogenesis [56, 57]. Moreover, cigarette smoke
activates the epidermal growth factor receptor (EGFR)
tyrosine kinase in oral epithelial cells that then stimulates
cyclooxygenase-2 (COX-2) [58]. This leads to the inhibi-
ton of apoptosis, promotion of angiogenesis, modulation
of inflammation and immune function, and increased tumor
cell invasiveness [59]. Epigenetic changes, such as the
methylation of CpG islands, may therefore be another
mechanism of smoking-induced carcinogenesis [60].

Synergistic effects of smoking and alcohol
in carcinogenesis (Fig. 3)

Epidemiological data have suggested that alcohol interacts
synergistically with cigarette smoke in the development of
ESCC [61]. Alcohol is metabolized to AD locally in the
oral cavity by the ADH of microbes in the normal oral
flora. Heavy alcohol drinking, chronic smoking, and the
poor oral hygiene frequently observed in drinkers and
smokers modify the oral flora to contain a larger abundance
of aerobic bacteria and yeasts which are highly capable of
generating AD from ethanol [3, 62]. Furthermore, the
ALDH enzyme in the oral mucosa in smokers is inhibited
by microbial changes in the oral cavity due to smoking,
resulting in a significant deposition of AD in the saliva
{63]. Therefore, AD may link drinking alcohol, smoking,
and poor oral health to ESCC [37].
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Also, chronic alcohol consumption induces cytochrome
P450 enzymes in the liver and the gastrointestinal mucosa
[24-26], possibly leading to acceleration of the metabolic
activation of cigarette smoke-related procarcinogens to
active carcinogens [35]. Furthermore, there is also evi-
dence of inhibition of the ALDH enzyme by smoking,
which leads to less efficient AD metabolism and, conse-
quently, to higher AD concentrations in the UADTSs of
smokers [04]; as well, BaP increases the ADH level in
bronchial epithelial cells (our data). All of these data
sﬁggest that AD derived from both ethanol and tobacco
appears to act in the UADT as a local carcinogen in a
synergistic way [65].

Molecular alterations in esophageal squamous cell
carcinoma:review with a special focus on cigarette
smoking and alcohol consumption

Numerous molecular alterations associated with the gene-
sis of ESCC have been reported. These include alterations
in cell-cycle regulation, growth factors and their receptors,
and DNA repair systems. Such alterations in ESCC will be
reviewed here, paying special attention to cigarette smok-
ing and chronic alcohol consumption.

p53
p33 is a tumor-suppressor gene and its primary function is

to maintain human genetic stability and DNA repair
capacity [66]. The function of the p53 gene is lost mainly

by gene mutations, as well as by various other factors,
including overexpression of the murine double minute gene
2 (MDM2); this causes acceleration of P53 degradation
[67]) or inactivation of pl4*RF [this protein suppresses
MDM2 activity], leading to inhibition of cell-cycle arrest,
DNA repair, and the subsequent apoptosis [68].

p53 is one of the first tumor-suppressor genes that has
been shown to have undergone frequent point mutations in
primary ESCC and ESCC cell lines [66]. The point
mutations in this gene occur even at an early stage of ESCC
and correlate with tumor progression [69], thus suggesting
an important role of this abnormality in esophageal carci-
nogenesis. The reported frequencies of p53 gene mutations
vary from 17% to 84%, possibly because of differences in
the analytical methods used [70]. Egashira et al. [70]
investigated the frequency of mutation of this gene by very
elaborate direct DNA sequencing and demonstrated that
47.4% of the patients with ESCC had a p53 gene mutation.
The prognostic value of p53 gene mutations in ESCC is
controversial.

The mutational spectrum of the p53 gene in lung cancers
is consistent with the mutation patterns induced by certain
PAHs such as BaP in cigarette smoke [35, 50, 51]. The
major adduct of BaP produces a G-to-T transversion [52],
and 40%-50% of p53 gene mutations in Japanese patients
with ESCC are predominantly the transversion of G to T
[70, 71]; these findings also suggest that cigarette smoke
might be related to esophageal carcinogenesis. However,
Pfeifer et al. [35] have noted that it is difficult to identify
the unambiguous molecular signature of tobacco carcino-
gens in the p53 mutational spectrum of esophageal cancer,
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because the patterns of mutation are extremely heteroge-
neous. On the other hand, the main mutations caused by
AD, the primary ‘metabolite of alcohol, are G-to-A transi-
tions [72]. Noori and Hou [73] demonstrated that the
mutational spectrum induced in vitro by AD in the HPRT
gene of human T lymphocytes was consistent with the
predominance of G-to-A transitions and mutations at A:T
base pairs in the p53 gene in esophageal tumors. These data
rﬁéy indicate that various factors are related to esophageal
carcinogenesis, including cigarette smoke and alcohol.
Positive correlations between the ratios of heavy alcohol
drinkers and cigarette smokers and a high accumulation of
p53 protein, related-to its gene mutations {74}, have been
demonstrated in ESCC {75, 76].

Multiple ESCCs frequently occur in individual patients
[77]. Ito et al. [78] demonstrated that p53 mutation pro-
filing of multiple ESCCs was quite heterogeneous not only
in the presence/absence of mutations but also.in the
mutational patterns if they exist. The finding of different
p53 gene mutations among multiple ESCCs suggested
evidence of field carcinogenesis in the human esophagus.
Furthermore, this finding may reflect the condition that the
esophagus is exposed to a wide variety of carcinogens.

p2l

The p21WAF¥CIPT gene, a cyclin-dependent kinase inhibitor

"(CDKYI) induced by p53, mediates G1 arrest after DNA
damage [79]. Although mutations or deletions in this gene
are rarely reported in human cancers, polymorphisms of
this gene may play some roles in esophageal carcinogen-
esis [80]. p53-dependent expression of p2] is observed in
ESCC, while the lack of an absolute correlation between
abnormal p53 protein expression and p2l protein expres-
sion suggests that p53-independent expression of p21
protein might also occur in ESCC [81]. The direct rela-
tionship between p2/ and carcinogens in cigarette smoke
and alcohol has so far only seldom been studied.

p 1 6INK43 1 4ARF

and p

pl6 protein inhibits CDK 4 and 6 that bind to cyclin D1
and downregulate the pRb pathway which blocks cell-cycle
progression from the G1 to S phase [60]. Inactivation of the
pl6™K42 gene is a frequent event in human cancers, and is
associated with a homozygous' deletion, genetic mutation,
or aberrant DNA methylation [60, 82). Losses of the pl6
gene and the subsequent protein expression occur in the
early stage of ESCC carcinogenesis, either by promoter
methylation or by loss of heterozygosity [8, 9, 83].
Silencing of the pl6 gene by promoter methylation plays a
role in smoking-related lung cancer [60]. The radionuclides
in cigarette smoke may explain the phenomenon of pl6
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inactivation by promoter methylation in smoking-associ-
ated Jung tumors [84]. Although the contribution of ciga-
rette smoke to the inactivation of the pl6 gene in ESCC
remains to be elucidated, Ito et al. [85] have reported that
the promoter methylation rate of p16™V** was 76% and
hypermethylation of this gene tended to occur more fre-
quently in heavy drinkers and smokers.

The p14*%F ‘gene is transcribed from the same locus as
pl16™54 by alternative splicing, and the protein product
interacts with MDM?2 protein, thus resulting in the stabil-
ization of p53 [86). The pI4*** promoter is aberrantly
methylated in 61% of patients with ESCC, leading 1o
downregulation of the expression of this gene [85].

Cyclin D1

Cyclin D1 protein is involved in the pl6-pRb pathway and
induces pRb phosphorylation with CDK4/6, indicating its
critical role in the progression of the cell cycle through the
G1 to S phase [87]. Amplification or overexpression of this
gene plays an essential role in human esophageal carcino-
genesis [11]. A causal relationship between tobacco car-
cinogens and cyclin D] upregulation has been reported in
lung cancer, oral cancer, and ESCC. Hu et al. [88] reported
that cigarette smoke extract stimulated cell proliferation and
increased the cyclin D1 protein level in a dose-dependent
manner in a human ESCC cell line. A correlation between
alcohol consumption and upregulation of cyclin DI
expression was also observed in esophageal cancer [89].

EGFR, RA, and RARs

EGFR is a receptor tyrosine kinase and plays an important
role in cell-cycle regulation and carcinogenesis, EGFR is
overexpressed in 29%-92% of resected ESCC specimens
[11, 90]. EGFR gene amplification is one of the mecha-
nisms of its activation [91], which can be a marker for
predicting lymph node metastasis and unfavorable prog-
nosis [91, 92]. EGFR gene mutations in esophageal carci-
noma are rare, but they do exist [93].

RA can suppress EGF-associated cell proliferation and
EGFR expression by inhibiting EGFR-dependent ERK1/2
activation [94, 95]. Immortalized human bronchial epi-
thelial cells are transformed by NNK, a tobacco carcino-
gen, with overexpression of EGFR and cyclin D1. Retinoid
treatment prevents this transformation by downregulating
EGFR and cyclin DI expression [94]. EGFR expression is
also inhibited in esophageal cancer cells by the induction of
RA and RAR-f,. Farthermore, BPDE, a potent carcinogen
in cigarette smoke, can suppress RAR-f, expression in
murine lung cancer through methylation of the RAR-f,
gene promoter [96]. Xu’s group similarly demonstrated, in
immortalized esophageal epithelial cells and esophageal
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cancer cells, that BPDE induced methylation of the RAR-f,
gene promoter, thus leading to the loss of RAR-§,
expression [7, 97, 98]. This induced the overexpression of
EGFR, ERK1/2, AP-1, and COX-2 [7].

The induction of CYP2E1 by alcohol can enhance the
degradation of RA. Consequently, RA levels in cells are
reduced, resulting in the altered expression of different

genes,.such. as the reduced expression of RAR-f, and. .

increased expression of EGFR, ERK1/2, AP-1, and COX-2
[99].

COX-2

COX-2 is one of the two enzymes that catalyze the first
step in the synthesis of prostaglandins (PGs) from arachi-
donic acid. Multiple lines of evidence suggest that COX-2
is associated with many of the critical steps in carcino-
genesis and tumor progression, Zimmermann et al. [100]
have demonstrated that COX-2 is expressed in the majority
of ESCC tissues and that COX-2-derived PGs play an
important role in the regulation of proliferation and apop-
tosis of esophageal cancer cell lines. Various animal and
human esophageal tissues contain high levels of PGs in
cancer [59]. The levels of COX-2 have been shown to
increase in the oral mucosa of smokers in comparison to
those in nonsmokers, and the activation of EGFR signaling
contributes to the elevated levels of COX-2 [58]. Further-
_more, nicotine enhances the migration and invasion of
human ESCC cell lines, a process which is inhibited by
nimesulide, a selective COX-2 inhibitor that decreases the
-protein level of COX-2 [55].

E-cadherin

E-cadherin belongs to the cadherin family of Ca’*-
dependent cell—cell adhesion molecules and is a key mol-
ecule in the suppression of the epithelial-mesenchymal
transition (EMT) that occurs during the development and
progression of cancers. Yoshino et al. investigated the
correlation between tobacco smoking and EMT in a lung
cancer cell line and found that BaP decreased the E-cad-
herin expression level and induced EMT [101, 102]. Fur-
thermore, Davis et al. [103] showed that nicotine
significantly reduced the expression of E-cadherin in cul-
tured lung, breast, and pancreatic cancer cells, leading to
EMT. The association of E-cadherin expression and
smoking or alcohol consumption in ESCC remains to be
elucidated.

BRCA1

Several studies have shown a frequent loss of heterozy-
gosity in the region of the BRCAI gene locus in ESCC

[104], suggesting that BRCA1 may be a candidate tumor-
suppressor gene in esophageal cancer. The finding that
BPDE can bind to the BRCA] gene after normal esopha-
geal epithelial cells are treated with BPDE may therefore
be an important phenomenon [105].

FHIT

The fragile histidine triad (FHIT) gene has been identified
as a candidate tumor-suppressor gene localized at chro-
mosome 3pl4.2 [106]. Inactivation of FHIT occurs at an
early stage in the development of ESCC {107] and meth-
ylation of the FHIT gene promoter is closely associated
with transcriptional inactivation in ESCC [108], which is
linked to cigarette smoking [109]. Nicotine induces meth-
ylation of the FHIT gene in human ESCC cell lines and
attenuates Fhit protein in association with the increased
expression of DNA methyltransferase 3a, which is impli-
cated primarily in de-novo methylation [110]. Furthermore,
an association of the loss of Fhit protein with alcohol
consumption is also suggested in human ESCC [111].

DNA repair genes

There is no direct evidence to show a correlation between
cigarette smoke or alcohol consumption and the impair-
ment of DNA repair systems in ESCC. Several studies have
indicated that abnormalities of DNA repair systems are
uncommon in esophageal carcinogenesis [112]. On the
other hand, Mimori et al. [113] have reported that micro-
satellite instability is significantly related to allelic loss in
the FHIT region, but that mutS homologue 2 might be
unrelated to progression or the oncogenic process in ESCC,

Conclusion

Despite recent advances in diagnostic and surgical tech-
niques and multimodal treatments, esophageal cancer still
remains one of the most aggressive and lethal diseases [114,
115]). Many types of epidemiological data have demon-
strated that both cigarette smoking and alcohol consump-
tion are the two major risk factors for the development of
ESCC [61]. The aim of the present review was to summa-
rize the current evidence for contributory mechanisms of
alcohol- and smoking-induced carcinogenesis and to dis-
cuss the molecular mechanisms of esophageal carcinogen-
esis with special attention to these carcinogens. Although
the most important goal in conquering ESCC is to prevent
the development of this disastrous disease by enlightening
the public about the risk of these carcinogens, it is equally
important to clearly elucidate the underlying mechanisms of
esophageal carcinogenesis. However, a comprehensive
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understanding of the molecular mechanisms of esophageal
carcinogenesis remains elusive. Therefore, greater effort is
.required to identify more genetic changes, as well as epi-
genetic changes such as the methylation and acetylation or
deacetylation of histones and other important proteins
which are observed in esophageal cancer [116, 117]. These
mechanistic insights could be translated into practical

approaches for the prevention and cure of alcohol- and

smoking-induced esophageal cancer.
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ABSTRACT

Identification of problems through group meetings
Junichi Ikegaki ", Yumiko Ito?'
Y Hyogo Cancer Center, Department of Palliative Care and Anesthesiology

l

|

f Cooperation in cancer management between a base hospital and local community hospitals :
|

f Y Hyogo Cancer Center, Department of Nursing, Oncology certified nurse specialist

i

hospitals).

When considering cooperation between a base hospital and its local community hospitals to provide palliative
care for cancer patients, there is a need to investigate problems that might arise from time to time. Through
group meetings with staff from several nearby small and medium-sized cooperating hospitals possible prablems
were investigated and solutions were proposed by the KJ technique.

The problems of patients and their families included anxiety about their illness, hopes for successful treatment,
incorrect perceptions about their medical condition, a feeling of abandonment by the base hospital with regard
to cancer care (base hospital), and anxiety in regard to the cooperating medical institutions (cooperating

The problems of the cooperating hospitals inciuded gaps in medical knowledge between the base hospital and
the other hospitals, lack of information from the base hospital, and the timing of transfers from the base hospital.
: Lack of sufficient attention towards the cooperating hospitals, insufficient understanding of- the necessary
; information for the cooperating hospitals, and providing insufficient explanation to patients and their families
at the time of the hospital transfer were pointed out as problems of the base hospital.

The proposed solutions included providing tours of the cooperating hospitals, holding a conference before the
i discharge of the patient and setting up a system that would allow patients to transfer back to the base hospital
as needed. In addition to the cooperation between the medical institutions, understanding the viewpoint of the
" patients and their family members was considered important. Furthermore. the discussion of problems through
! group meetings was considered an important process for a smooth cooperation in the community.

| Kevwords | community cooperation, group work, palliative care

]
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