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The interaction between the environmental toxins and the polymorphic xenobiotic
metabolizing enzymes can determine the individual susceptibility to chemical carcinogenesis.
Objective: In this study, we investigated the association of the genetic polymorphisms of
phase | (CYP1A1, CYPZEI) and phase Il (GSTM1 and GSTT1) xenobiotic metabolizing
enzymes with the risk of esophageal cancer in Taiwan. Method: We recruited 105 cases of
esophageal squamous cell carcinoma and 266 persons of healthy controls during 1996-1999 in
Taiwan. The genotypes of the genobiotic metabolizing enzymes were determined by PCR (for
CYP1A1 and CYP2EL) or PCR-RFLP (for GSTM1 and GSTM1). Results: There was no
significant difference in distribution of the genotypes of CYP1A1, CYP2E1, GSTM1or GSTT1
between the patients and controls. However, multivariate analysis in the cigarette smokers
showed that GSTT1 absent genotype significantly increased the risk of esophageal cancer,
with an OR (95% CI) of 2.44 (1.17-5.08). Cigarette smokers with variant alele of CYP1A1
also had a marginal increase of risk to develop esophageal cancer as compared to the wild
CYP1A1 genotype (OR = 1.70; 95% Cl= 0.99-2.94). In contrast to the results found in
cigarette smokers, the GSTT1 absent genotype was less frequent in patients of esophageal
squamous cell carcinomawith an OR of 0.29 (95% CI=0.11-0.73). Conclusion: Our results
revealed that the GSTT1 and CYP 1A1 genetic polymorphism might interact with cigarette
smoke to modulate the risk of esophageal cancer in Taiwan.



The individual cancer susceptibility can be determined by the interaction of environmental
and genetic factors. Many environmental factors have been identified to associate with the
risk of esophageal cancer (1). In most of the western countries, cigarette smoking and a cohol
drinking are the most well known factors, which exert a dose dependent and synergistic effect
on the risk of esophageal cancer (2). The dietary factors as malnutrition or consumption of
pickled vegetable, which is contaminated with nitrosamine, are also considered important for
the risk of esophageal cancer in the Chinese population (3). After exposure to chemical
carcinogens, a biological detoxification system would be initiated to eliminate the toxins.
The xenobiotic metabolizing enzymes are responsible for most of the detoxification processes.
These enzymes can be classified into two major groups, phases | and Il enzymes. Phase |
enzymes are mainly composed of families of cytochrome P450 (CYP) which can initially
oxidize the carcinogens. The phase Il enzymes include glutathione s-transferase (GST),
NADPH: quinone oxidoreductase (NQO, DT-diaphroase) and N-acetyltransferase (NAT) etc,
which can reduce the electrophilic intermediates and facilitate their excretion. Many of
these intermediates produced in the processing of these enzymes are carcinogenic in character.
Therefore variation in the enzymatic activities may result in different accumulation of active
carcinogens and substantially influence the carcinogenic susceptibility for individuals.

CYP1A1 and CYPZE1 are important members of the cytochrome P450 family. CYP1A1
encodes for an inducible enzyme that catalyzes the bioactivation of polycyclic aromatic
hydrocarbons (PAH), the most important cigarette-related pollutant. For example, the
benzo(a)pyrene, one of the PAH families, can be transformed by CYPIAI into the
electrophilic product, diol-epoxide, which would facilitate the DNA adduct formation (4).
Genetic variants of CYP1A1 were detected with the mutation in the 3 non-coding region
(Mspl polymorphism) and in exon 7 of heme binding region with substitution of isoleucine to
valine (/le-Val polymorphism). CYPZE1 is the magor ethanol-oxidizing enzyme of
nonalcohol dehydrogenase, which catalyzes the conversion of ethanol to acetaldehyde (5).
Its substrates include ethanol, N-nitrosamine, benzene, styrene, butadiene and urethane (6).
RFLP using Rsa | and Dra | restriction enzymes have been used to detect genetic variants in
introns 5 and 6 of CYP2E1 respectively (7). The biological consequences produced by the
variant genotypes of CYP1Al and CYPZE1 are still unknown. However, the genetic
polymorphism of CYPZE1 has been found to influence the metabolism of benzene (8); and a
difference in aryl hydrocarbon hydroxyalase (AHH) activity has been detected between the
genetic variants of CYP1A1 Mspl polymorphism (9).

GST belongs to one of the phase Il enzymes, which is responsible for conjugating the
electrophilic intermediates, produced by the phase | enzymes, to reduced glutathione (10). It



Is composed of at least five classesin itsfamily designated, a, mp, s andq. GST is broadly
expressed in mammalian organs including gastrointestinal tract (48). The GSTT1 and GSTM1
encode for the enzymes mand q of GST respectively, and are responsible for the metabolism
of different substrates. For example, 1,3-butadiene can be effectively metabolized by GSTT1
but is a poor substrate of GSTM1 (12); while the metabolism of another reactive intermediate
of butadine, monoepoxybutane, is for the most part influenced by GSTM1 (13). The deletion
of GSTT1 and GSTM1 genes has been identified among the normal population, and leads to
absence of the enzymatic activities. Under exposure to trans-stilbene oxide, the cell with
GSTM1 absent genotype was found more susceptible to DNA damage of sister chromatid
exchange (SCE) (14). Similarly, SCE was increased in the GSTT1 absent genotype when
exposed to 1,3-butadiene, haloalkanes or haloakenes existing in the cigarette-related
pollutants (15).

The genetic polymorphisms of these phase | and Il enzymes were found to associate with a
higher risk of various aerodigestive cancers, i.e. CYP 1A1 or CYP 2E1 with lung cancer (16-
17); GSTT1 and GSTM1 with head and neck, laryngeal or oral cancer (18-20). The Val/Va
CYP1A1 genotype combined with GSTM1 null genotype was found to associate with a higher
risk of esophageal cancer in heavy smokers (21). A study from the high-risk area of China
also revealed that the wild CYP2E1 and non-null GSTM1 genotypes could increase the risk of
esophageal squamous cell carcinoma (29). Although most of the inhabitants in Taiwan
belong to the ethnic Chinese population, the effect of genetic polymorphism of xenobiotic
metabolizing enzymes on cancer susceptibility might be different under different
environmental exposure. In this study, we investigated the association of the genetic
polymorphism of GSTT1, GSTM1, CYP1A1, and CYPZE1 with the risk of esophagea cancer
in Taiwan.

Results

Totally, 105 patients and 266 controls were recruited in thisstudy. The data of the
subjects with incomplete epidemiological records or inadequate amount of extracted DNA for
genotyping were discarded in the analysis. Thedistribution of GSTM1, GSTT1, CYP1A1,
and CYPZE1 genotypes and the prevaence of cigarette smoking, alcohol drinking and areca
chewing werelisted in Table 1. Habits of cigarette smoking, alcohol drinking and areca
chewing were significant factors to influence the risk of esophagea cancer (p<0.001 for each
factor respectively). The distributions of age and gender were not significantly different
between patients and controls.  In addition, there was no significant difference in frequency
of genotypes GSTM1, GSTT1, CYP1A1, or CYPZEI1 between thetwo groups.  However,
when subjects were dichotomized with the habit of cigarette smoking, the patients of
esophageal cancer in cigarette smokers had a higher frequency of GSTT1 absent genotype
with aborderline statistical significance (OR=1.72, 95% CI: 0.94-3.15). In the non-smokers,



the frequency of GSTT1 absent genotype was significantly lower in patients of esophageal
cancer (OR=0.30, 95% CI: 0.12-0.72) than in the controls (Table 2). Asfor the genotypes of
GSTM1, CYP1Al or CYPZEL, there was no significant different distribution between patients
and controls either in cigarette smokers or non-smokers (Table 2).

Because of the similarity in enzymatic activities between GSTM1 and GSTT1, interaction
may exists between these two enzymes and therefore modify the risk of esophageal cancer.
Table 3 shows the combined effect of GSTT1 and GSTM1, dichotomized by cigarette smokes.
We found no evident interaction between GSTM1 and GSTT1 in cigarette-smokers.

However, in the non-cigarette smoker, the combined GSTT1 and GSTM1 absent genotype
further reduced the risk of cancer with an OR of 0.08 (95% CI: 0.01-0.48), compared to those
with simultaneous presence of GSTT71and GSTM1. The effect by GSTM1 aoneis not
evident, asthe OR (95% CI) of GSTT1 present / GSTM1 absent genotype being 1.06 (0.38-
2.94)(Table 3). Theinteraction of GSTsand CYPswas not remarkablein that the trends of
cancer risk were not significantly changed by the combination of GSTsand CYPs (data not
shown).
Since the cancer risk determined by these polymorphic xenobiotic enzymes was found
different in cigarette and non-cigarette smokers, we aso dichotomize the subjects with
cigarette smoke in the analysis of multiple logistic regression. As shown in table 4,
alcohol drinking, areca chewing and GSTT1 present genotype were found significant for the
risk of esophageal cancer with ORs (95% CI) of 3.31 (1.39-7.86), 4.65 (1.87-11.54), and 2.44
(1.17-5.08) respectively.  Smokers with CYP1A1 Mspl heterozygote variant genotype had a
1.76-fold risk (95% CI=0.80-3.86, p=0.16) to develop esophageal cancer as compared to
those with wild genotype (data not shown in the table). Similarly, smokers with
homozygous variant genotype had a 2.83-fold risk (95% CI=0.88-9.14, p=0.08) to develop
esophageal cancer (data not shown in the table). The significance was even strengthened,
when we treated the genotypes of CYP1AI1 Mspl polymorphism as a continuous variable
using the wild genotype as baseline (OR=1.70, 95%CI=0.99-2.94; p=0.057 for homozygous
and heterozygous variant genotypes vs. wild genotype) (Table 4). In the non-smokers, the
GSTT1 present genotype had a significant protective effect with an OR of 0.29 (95% CI: 0.11-
0.73, p<0.01). The effects of acohol drinking, areca chewing and CYP1Al were not
significant in this group.
Discussion

Although the environmenta toxins are eliminated through metabolism by the xenobiotic
metabolizing enzymes, the processes of which may aso produce a variety of reactive
intermediates that are genotoxic in nature. Whether the carcinogens are detoxified or
activated in the process may determine the polymorphic xenobiotic metabolizing enzyme to
be “favorite” or “unfavorite” toward the individual cancer susceptibility. Our results
demonstrated that the GSTT1 absent genotype had a higher risk to develop esophageal cancer
in the cigarette smokers. While in the non-cigarette smokers, the GSTT1 absent genotype



has a protective effect for the cancer susceptibility. Both of these effects were significant
under logistic regression, adjusting with the other significant environmenta factors. These
findings require cautious interpretation and further investigation.

As a member of GST family, GSTT1 shares a common property of the family in
conjugating reduced glutathione to electrophilic intermediates, produced by oxidation of the
phase | enzymes. There are aso some functional variation between GSTT1 and other
members of the GST family. For example, the main substrates of GSTT1 are epoxybutane,
ethylene oxide, halomethane, and methyl bromide, while bezo (a) pyrene, styrene-7,8-oxide
and transstilbene oxide can be effectively metabolized by GSTM1 (25). The common
substrate of GST, 1-chloro-2, 4-dinitrobenzene is poorly metabolized by GSTT1 (12). It is
also found that chemopreventive agents of benzyl isothiocyanate, coumarin or ethoxyquin can
induce the GSTT1 activity, which is distinct from the mechanisms that regulate levels of other
GSTs (26). The cigarette-related carcinogens, 1,3-butadiene, various haloakanes or
hal oalkenes, can be effectively detoxified by GSTT1, and absence of GSTT1 would increase
chromosome aberration or sister chromatid exchange (SCEs) for individuals (15). On the
other hand, GSTT1 can also activate some environmenta toxins and thus increase their
genotoxicity. Landi et a (27) found that the presence of GSTT1 could increase the
mutagenecity created by brominated trihalomethanes (THMs), the carcinogenic disinfection
by-products frequently found in chlorinated drinking water. Two members in the
dihaloalkanes family, dichloromethane (DCM) and dibromomethane (DBM), which are
widely applied by the consumers and industry, were found exclusively activated by GSTT1
(26). In the carcinogenic test, DCM can induce a more evident genotoxicity in mouse than
in rat or hamster, which was thought due to a higher constitutive GSTT1 expression in the live
and lung of mouse (28). In agreement with the previous /in vitro observations, our results
implied that GSTT1 might detoxify some cigarette-related carcinogens of the esophagus in
that, for the cigarette smokers, the risk of esophageal cancer was increased by the absence of
GSTT1 (OR: 2.44; 95%Cl. 1.17-5.08). However, GSTT1 might also activate the
environmental toxins encountered by the non-smokers so as to lower the risk of esophageal
cancer by the absence of GSTT1 in non-smokers (OR: 0.29; 95%Cl: 0.11-0.73). The
protective effect of GSTT1 absent genotype for the non-smokers was further enhanced when
it was combined with GSTM1 absent genotype (OR: 0.08; 95%CI: 0.01-0.48 using GSTM1
present/ GSTT1 present as referent).

There are more than 4000 compounds produced by cigarette smoking, including
polycyclic aromatic hydrocarbons (PAH), heterocyclic hydrocarbons, N-nitrosamines,
aromatic amines, adehydes, volatile carcinogens, inorganic compounds, and radioactive
elements etc (34).  Exposure to these carcinogens can increase the risk of DNA damage, as
evidenced by the non-linear dose-response correlation between smoking and PAH-DNA
adducts in lymphocytes (35). The level of PAH adduct in lymphocytes seemed to be



modified by genetic (GSTM1 absent genotype) or nutritional (b-carotene and -a-tocopherol)
factors in the heavy smokers, according to the study of Mooney et a (36). Even inthe same
individual, variation in absorption, transportation, and accumulation of active carcinogens of
cigarette in various organs can produce an organ-specific tumorigenicity by the constituents.
For example, the metabolite of cigarette smoke, 2-naphthylamine can be concentrated in urine
and increase the susceptibility to bladder cancer (37).

In our study, the effects of alcohol drinking, cigarette smoking and areca nut chewing are
significantly associated with esophageal cancer, which was consistent with the previous
studies (3,33,50). However, we didn’'t evaluate the dietary effects, which was shown
important to influence the risk of esophageal cancer in the Chinese population (2, 46). In
Hong Kong, a study for never-smoker and never-drinker revealed that the risk of esophageal
cancer could be increased by the consumption of prickled vegetables (31), which isrich in
compounds of NOC as nitrite, nitrate, N-nitrosodimethylamine, and N-nitrosodiethylamine
(32). Extracts of pickled vegetables, collected from the high-risk area of Linxian in China,
could produce a dose-dependent mutagenecity in Salmonellatyphimurium. It is note worthy
that the effect required to be fortified by a microsomal activation system from the rat liver
(30). It isaso of interest to furhter investigate whether these dietary factors can interact with
genetic polymorphism of the xenobiotic metabolizing enzymes to influence the risk of
esophageal cancer.

The GSTT1 absent genotype was found to increase the risk of smoking related head and neck
cancer (19), pharyngeal and oral cancer (38). It was also associated with risk of bladder
cancer in general population (39) or in the non-cigarette smokers (40). GSTM1 was found to
be more consistently associated with the risk of lung cancer. A meta-analysis of 12 case-
control studies by McWilliams et a (41) has demonstrated a 1.4-fold risk to develop lung
cancer in the GSTM1 absent genotype. Associations of GSTM1 with bladder, laryngeal, or
head and neck cancer have aso been reported but with conflicting results (25). The effect
GSTT1, GSTM1 and other xenobiotic metabolizing enzymes can synergy with each other to
increase the cancer susceptibility of lung (42). The impact of genetic polymorphism can be
also modified by a variety of environmental factors.  For example, a more evident effect of
GSTM1 absent genotype on lung cancer risk was observed in the individuals who smoked less
than 35 pack-year (43). Insufficient intake of vitamin C and other nutrients can aggravate
the susceptibility to lung cancer in the GSTM1 absent genotype (44). As for the esophageal
cancer, a study in the high-risk area of China showed that the wild CYP2E1 and non-null
GSTM1 genotypes were over presented in patients of esophageal squamous cell carcinoma
(29). These two genotypes had an addictive effect to increase the risk of esophagea cancer.
In Japan, the GSTM1 null genotype combined with Val/Val genotype of /le/Val CYP1A1
polymorphism was found to be associated with a higher risk of esophagea cancer in heavy
smokers (21).  Another report by Morita et a did not find the similar association for
GSTM1 and CYP1AI (lle/Val), irrespective of cigarette smoking (22).



Previous in vitro study has also shown that the variant allele of CYP1A1 Mspl
polymorphism can preferentially increase the aryl hydrocarbon hydroxylase (AHH)
inducibility by 3-methylcholanthrene (9). The important product of the PAH family in the
cigarette pollutants, benzo(a)pyrene, can be transformed by CYP1A1 into the electrophilic
product, diol-epoxide and facilitate the DNA adduct formation (4). Foundry workers with
the CYP1A1 Mspl variant genotypes were found to have an increased level of DNA adductsin
leukocytes (45).  Consistent with these observations, we found that cigarette smokers with
CYP1A1 Mspl variant allele had a higher susceptibility to esophageal cancer. Multivariate
analysis revealed that the risk of esophageal cancer was increased by the CYP1A1 Mspl
variant allele with an OR of 1.76 for the heterozygous variant genotype and 2.83 for the
homozygous variant. Treating the CYP1A1 Mspl genotypes as continuous variables and
using the wild genotype as baseline, a borderline significance was observed for the genotypes
containing the variant alele (OR=1.70, 95%CI=0.99-2.94, p=0.057 for homozygous and
heterozygous variant genotypes vs. wild genotype). This effect is not seen in CYPZE1
genotypes, nevertheless.

In our control, the genotype distribution of CYP1A1 Mspl, CYP2E1, GSTT1and GSTM1 is
similar to the previous reports in normal healthy from Taiwan (18, 23). The distribution of
CYP 1A1 Mspl genotypes in our study is also similar to that of the Japanese population but
had a lower percentage of wild genotype than the ethnic Caucasian (42.9 % vs. 70-85 %) (47).
The percentage of GSTM1 absent genotype is similar between the Asian and Caucasian
population, which is around 50%. While the deletion of GSTT1 was found more frequent in
the Asian population including the ethic Chinese (around 50%) than the Caucasian (11-18%)
or African population (24-38%) (25).

In conclusion, our result demonstrated that the risk of esophageal cancer could be
modulated by the interaction of gene-gene and gene-environment interaction.  The genotypes
with CYP1A1 Mspl variant allele and absence of GSTT1 could increase the risk of esophageal
cancer, when the individual s were exposed to the toxins from cigarette smoke, while the
absence of GSTT1 might be “protective’ for the non-smokers, which exerted a synergistic
effect with the absence of GSTM1.
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Table 1 Odds Ratio (OR) with 95% Confidence Interva (Cl) for GSTM1, GSTT1, and

CYP1A1 polymorphisms in esophagea cancer

Variables

Controls

Patients

(Groups) No.(%) No.(%) OR(95%C1)
Age
<50 years 47 (17.7) 18 (17.1) Referent
>50 years 219 (82.3) 87 (82.9) 1.04 (0.57-1.89)
Sex
Female 28 (10.5) 10 (9.5) Referent
Male 238 (89.5) 95 (90.5) 1.12 (0.52-2.39)
Cigarette Smoking
No 154 (60.9) 28 (26.7) Referent
Yes 99 (39.1) 77 (73.3) 4.28 (2.64-6.94)*
Alcohol Drinking
No 181 (71.0) 38 (36.5) Referent
Yes 74 (29.0) 66 (63.5) 4.25 (2.66-6.78)*
Areca Chewing
No 233 (95.1) 64 (64.0) Referent
Yes 12 (4.9) 36 (36.0) 10.92 (5.88-20.30)*
GSTM1
Present 114 (43.7) 43 (42.2) Referent
Absent 147 (56.3) 59 (57.8) 1.06 (0.67-1.69)
GSTT1
Present 132 (50.6) 52 (51.0) Referent
Absent 129 (49.4) 50 (49.0) 0.98 (0.62-1.56)
CYP1A1
Wt/Wt 111 (42.9) 39 (39.0) Referent
Wt/Vt 111 (42.9) 46 (46.0) 1.18 (0.71-1.94)
Vi/Vt 37 (14.3) 15 (15.0) 1.15 (0.57-2.33)
CYP2E1
Wt/Wt 149 (57.1) 56 (59.6) Referent
Wt/Vt 98 (37.6) 33(35.1) 0.90 (0.54-1.48)
Vi/Vt 14 (5.3) 5(5.3) 0.95 (0.33-2.76)

*p<0.001; Wt: wild type dlele; Vt: variant allele
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Table2 Joint Effects of GSTM1, GSTT1, or CYP1A1 with Cigarette Smoking in Esophageal

Cancer
Variables Controls (%) | Patients (%) ORs (95% ClI)
Smokers GSTM1 Present 41 (41.8) 29 (38.7) Referent

Absent | 57(58.2) | 46(61.3) 1.14 (0.61-2.11)

GSTT1 Present | 55(56.1) | 32 (42.7) Referent
Absent | 43(439) | 43(57.3) | 1.72(0.94-3.15)*

CYP1A1 WUWt | 43(43.4) | 28(37.8) Referent
WH/Vt 45 (455) | 33(44.6) 1.13 (0.56-2.17)
VH/Vt 11(11.1) | 13(17.6) 1.82 (0.71-4.61)

CYP2E1 WUWt | 56(57.7) | 47(66.2) Referent
WVt 37(38.1) | 20(28.2) 0.64 (0.33-1.26)

VIVt 4 (4.1) 4 (5.6) 1.19 (0.28-5.02)
Non- GSTM1 Present | 67(44.1) | 14 (51.8) Referent
Smokers Absent | 85(55.9) | 13(48.2) 0.72 (0.32-1.66)
GSTT1 Present | 70(46.1) | 20 (74.1) Referent

Absent | 82(539) | 7(259) | 0.30(0.12-0.72)**

CYPIAL WUWt | 65(436) | 11(42.3) Referent
WVt 62(41.6) | 13(50.0) 1.24 (0.52-2.97)
VIVt 22 (14.8) 2(7.7) 0.54 (0.11-2.62)

CYP2EL WUWt | 88(57.5) | 9(39.1) Referent
WVt 55(36.0) | 13(565) | 2.31(0.93-5.77)
VIVt 10 (6.5) 1(4.3) 0.98 (0.11-8.54)

* p<0.1;** p<0.05; Wt: wild type allele; Vt: variant allele.
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Table3 Combined Effects of GSTT1 and GSTM1 on Esophageal Cancer

Variables GSTM1 Present Absent
GSTT1 Present Absent Present Absent
Smokers | Patients (%) 11 (14.7) 18 (18.4) 21 (28.0) 25 (33.3)
Controls (%) 23 (23.5) 18 (18.4) 32(32.7) 25 (25.5)
ORs (95%Cl) Referent 2.09 (0.79-5.53) Referent 1.52 (0.70-3.34)
ORs (95%Cl) Referent 2.09 (0.79-5.53) | 1.37 (0.55-3.41) | 2.09 (0.85-5.18)
Non- | Patients (%) 8 (29.6) 6 (22.2) 12 (44.4) 1(3.7)
smokers | Controls (%) 29 (19.0) 38(25.0) 41 (27.0) 44 (29.0)
ORs (95%Cl) Referent 0.57 (0.18-1.83) Referent  |0.08 (0.01-0.42)*
ORs (95%Cl) Referent 0.57 (0.18-1.83) | 1.06 (0.38-2.94) |0.08 (0.01-0.48)*

*: p<0.01



Table 4 Multivariate analysis of risk factors for esophageal cancer in cigarette and non-

cigarette smokers

Variables OR(95% ClI) P

Smokers Drinking 3.31(1.39-7.86) 0.007
(n=163) Areca Chewing 4.65 (1.87-11.54) <0.001
GSTT1 (absent vs. present) 2.44 (1.17-5.08) 0.017
CYP 1A1 (Vt/Vt and Vt/Wt vs. 1.70 (0.99-2.94) 0.057

Wt/Wt)
Non-smoker Drinking 0.98 (0.26-3.72) 0.977
(n=169) Areca Chewing 6.84 (0.29-162.96) 0.234
GSTT1 (absent vs. present) 0.29 (0.11-0.73) 0.009
CYP 1A1 (Vt/Vt and Wt/Vt vs. 0.85 (0.44-1.64) 0.631

W1t/Wi)

Wt: wild type allele; Vt: variant allele
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