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Objectives : Polymorphisms of genes from glutathione S-
transferases (GSTs) and N-acetyliransferase 2 (NAT2)
have been associated with increased susceptibility to
various cancers. Previous results showed that East Asians
such as Koreans, Japanese and Chinese have a much
higher frequency of the GSTM1? and GSTT1 null genotypes
and NATZ2 rapid acetylator type. Therefore, we investigated
the association between the polymorphic types of GSTs
(GSTM1, GSTT1, GSTP1) and NAT2 and the incidence of
gastric cancer which is one of the most prevalent cancers
among the East Asians.

Methods : It was performed in a case-control study
consisting of 238 healthy subjects and 108 cancer patients
(54 distal and 54 proximal carcinomas). We also evaluated
the association between GSTs and NATZ2 and the risk
factors for gastric cancer such as alcohol consumption,
smoking, H. pylori infection, family history of gastric cancer,
and tumor location.

Results : In our study, the percentage of cases whose

hometown was rural was higher than those of controls
(odds ratio (OR) =2.88; 95% Ci=1.72-4.76), and the
frequency of the lower socio-economic status increased
significantly in patients (OR=2.53; 95% Ci=1.59-4.02).
There was no significant difference in the GST polymorphic
types between the cases and controls. However, NAT2
rapid or intermediate acetylator types were frequently
detected in the cases with family history of gastric cancer
(OR=1.92; 95% Cl=1.79-26.0).

Conclusions : These results suggest that the hometown
and socio-economic status are important environmental
factors for gastric carcinogenesis, and NAT2 polymorphic
types could be associated with familial gastric carcinoma.
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INTRODUCTION

The ability to detoxify exogenous
carcinogens may influence a disease following
exposure. Glutathione S-transferases (GST3)
and N-acetyltransferases (NATs) are good
candidates for investigation including those
involved in xenobiotic metabolism. GST is a
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complex super gene family that catalyzse the
neutrophilic attack of glutathione on a wide
range of hydrophilic electrophiles [1]. NAT can
modulate drug activity and detoxify
carcinogens through the acetylation of aromatic
amines and hydrazines [2). Of the two types of
NATS, that of NAT? is better known, due to its
capability to metabolize aromatic amines.
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GSTs and NAT2 have been shown to be
polymorphically distributed and are therefore,
of special interest in molecular epidemiological
studies. The percentage of individuals who
inherited susceptibility to chemical
carcinogenesis due to GSTs and NAT2 varies
significantly among distinct ethnic groups.
Some of the polymorphic genotypes coding for
the enzymes have been shown to reduce
enzyme activity [3-5], and may have an
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increased risk in developing specific types of
cancer. The homozygous null GSTM]
genotype has been reported to have some
association with the pathogenesis of lung
cancer and bladder cancer [6]. GSTT! null type
has been suggested as a risk factor in colon
cancer {7], and the GSTPI polymorphic
genotype has been shown to be related to
prostate cancer risk [8]. A study has suggested
that individuals with specific NAT2 genotypes
may be at increased risk for colorectal cancer
(9]. The association between genetic
polymorphism and the development of cancer
indicates the increased need to confirm the
combined effects of polymorphic genes on
cancer susceptibility.

Despite the decline in the number of cases,
gastric cancer remains one of the leading
causes of death in Korea and other East-Asian
countries such as Japan and China. The
etiology of gastric cancer is not well known,
although some factors including alcohol
consumption, cigarette smoking, and
Helicobacter pylori infection have been found
to be associated with the development of
gastric cancer. There is relatively little known
about how genetic factors might influence
gastric cancer risk, but based on the roles that
their expression products play in the
metabolism of carcinogens, the polymorphic
GST5 or NAT2 genes are good candidates as
susceptible genes. GSTM{ and GSTT! are
expressed af relatively high levels in many cell
types along the human gastrointestinal tract
[10]. Therefore, it is estimated that these
enzymes play an important role in the
protection against carcinogens and other
xenobiotics. Interestingly, it was reported that
the GSTM] null genotype might influence pS3
genomic instability in human gastric cancer
[11]. Therefore, the relationship between these
genetic polymorphisms and individual
susceptibility to the gastric carcinogenesis
needs to be explored.

Interestingly, East Asians have been showing
a much higher frequency of the GSTM! and
GSTTI null genotypes and NAT?2 rapid
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acetylator type, and gastric cancer rates in this
area are among the highest in the world.
Therefore, it needs to be determined whether
these polymorphic types may contribute to a
predisposition to environmentally related
carcinogenesis in certain population. The
contribution of GST5 and NAT2 genotypes to
susceptibility of the risk of gastric cancer, and
their interaction with clinicopathological
characteristics are still unclear. In this study, we
evaluated the association between the
polymorphic types of GSTs (GSTM1, GSTTH,
and GSTPI) and NAT2, and the risk factors for
gastric cancer such as, alcohol consumption,
smoking, H. pylori infection, family history of
gastric cancer, and tumor location in a case-
control study.

MATERIALS and METHODS

Study Population and Genomic
DNA Purification

The healthy group included 238 subjects who
had visited Daegu Catholic University hospital
for general health check-ups. Control subjects
had no current or previous diagnosis of cancer.
The case group included 108 patients with
gastric adenocarcinoma (54 distal and 54
proximal) from Daegu, Korea. Patients were
histologically diagnosed at the Daegu Catholic
University hospital during the period February
through December 2000. All study subjects
completed a questionnaire covering medical,
residential and occupational exposures as well
as socio-economic status, smoking history, and
alcohol consumption following informed
consent. A family’ s socioeconomic status is
based on family income, parental education
level, and parental occupation. Family history
of gastric cancer was decided from each first-
degree relative containing parents and/or
brothers diagnosed as having gastric cancer.

Genomic DNA was isolated from peripheral
leukocytes by proteinase K digestion and
phenol-chloroform method {12]. The amount
of DNA and its purity were determined by
spectrophotometric measurement and an

aliquot (about 200 ng of DNA) from each
sample was used for the polymerase chain
reaction.

Analyses of GSTMI, GSTTI
and GSTPI Genotypes

The presence of the wild type and/or the null
alleles of GSTMI and GSTTI was tested by
multiplex PCR together with coamplification
of a fragment of the Fglobin gene as a positive
control [6]. Genes were amplified in a reaction
buffer containing 2.5 mM MgCl12, I U Taq
DNA polymerase (Neurotics, Daejon, Korea)
and 200 ng of DNA. PCR products were
electrophoresed on a 2% agarose gel. The
absence of a 215-bp band indicates the GSTM1
null genotype; the absence of a 473-bp band
indicates the GSTTI null genotype. The
GSTM1 primers were 5" -GAACTCCCT-
GAAAAGCTAAAGC (sense) and 5’ -
GTTGGGCT-CAAATATACGGTGG
(antisense). The GSTTI primers were 5’ -
TTCCTTACTGGTCCTCACATCTC (sense)
and 5" -TCACCGGATCATGGCCAGCA
(antisense). The primers for Aglobin were 5 -
CAACTTCATCCACGTTCACC (sense) and
5" -GAGAGCCAAGGACAGGTAC
(anitsense).

The polymorphism of the GSTP/ gene has
been found to have an A-to-G transition at
codon 104 {13]. We analyzed this by PCR-
RFLP and determined the genotype for each
subject as described by Harries et al. {14] with
some modifications. The GSTP/ primers were
5" -ACCCCAGGGCTCTATGGGAA (sense)
and 5" -TGAGGGCACAAGAAGCCCCT
(antisense). The 176 bp PCR product was
digested with 3 U BsmAl (New England
Biolabs, Beverly, USA) at 55°C for 16 h. The
resnlting fragments were visualized on 3%
agarose gels and 20% polyacrylamide gels, and
the presence of variants GSTPIA and GSTPIG
was assessed. A predominant homozygote (AA)
revealed only 176 bp band; a heterozygote
{AG) revealed to show 176, 91, and 85 bp
bands; and a rare homozygote (GG) digested
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Table 1. Distribution of selected variables in case and control groups
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combined polymorphic types showed no
statistically significant differences (data not
shown).

Table 2. GSTs and NAT2 frequencies in the
case and control groups

Characteristics Case (n=108) Control (n=238) OR (95% CT)
Age (Mean+S.D) 620+110yr 60.7+98yr
Sex:Male (%) 61.1 50
Female (%) 389 50
Education (Mean+S.D.) 77+42yr 78+£50yr
Refrigerator use (Mean+S.D.) 217+75yr 198+59yr
Hometown: Urban (%) 24.0 417 2.88(1.72-4.76)"
Rural (%) 76.0 523
Socio-economic status:
High (%) 407 634 252(1.594.02)1
Low (%) 593 3667
* 2 P=0.0001
T x2P=0.0007

completely to demonstrate 91 and 85 bp bands.

Analysis of NATZ genotype

Molecular genotyping by conventional PCR
of the three most common NAT?2 alleles,
NAT2*4, NAT2*6, NAT2*7, (frequently
referred to as WT, M2, and M3, respectively)
was accomplished in order to predict NAT2
phenotype [15]. We omitted the detection of
allele M1 because the frequency of this allele is
very rare (<1% in the Japanese population)
[16]. The primers for NAT2 were 5 -
CTTAATTCTCATCTCCTG- CC (sense) and
5" -AGCATGAATCACTCTGCTTC
(antisense). After PCR amplification, the 610
bp products were digested with Tagl at 65°C
and BamHI at 37°C to acquire three NAT2
alleles [16]. Digestion with Tagl produced 376,
170 and 64 bp fragments of alleles NAT2#4
and NAT2*7, but only 376 and 234 bp
fragments in the case of allele NAT2*6. BamHI
could digest the 610 bp PCR fragments of
alleles NAT2*4 and NAT2*6, yielding 332 and
278 bp fragments, but not allele NAT2*7.
Phenotypes were determined by a combination
of two alleles and were classified as the
following: genotype NAT2*4/%4 is rapid,
genotypes NAT2*4/*6 and NAT2*4/*7 are
intermediate; and genotypes NAT2*6/*6,
NAT2%6/%7, and NAT2*7/*7 are slow.

Statistical Analysis

Subjects were described according to basic
sociodemographic factors and clinicopathologi-
cal characteristics of gastric cancer. Patients

who indicated that they had stopped smoking
or drinking alcohol within the past 6 months
were classified as current smokers or current
alcohol drinkers. The distribution of selected
variables and relative associations between
cases and controls were assessed by calculating
odds ratios (OR) and 95% confidence intervals
(95% CI). Corresponding x° tests were carried.
We used multiple logistic regressions to
determine ORs using the SAS software
package for Windows.

RESULTS

The distribution of selected
variables in the cases and
controls

Table 1 shows the distribution of age, sex,
education, and refrigerator use to compare the
characteristics of cases and controls. The mean
ages were 62 years for cancer patients and 60.7
years for controls. Some interesting differences
were noted in the hometown and socio-
economic status between the two groups.
Among the patients, those who grew up in
rural places demonstrated a higher percentage
as compared with those in urban areas
(OR=2.88; 95% CI=1.72-4.76). The frequency
of the lower socio-economic status increased
significantly in patients as compared in controls
{OR=2.53; 95% CI=1.594.02).

The prevalence of GSTs and NAT2
polymorphic types in the cases and controls is
given in Table 2. The results showed that the
polymorphic types between the two groups did
not significantly differ. The distribution of the

Polymorphic types  Cases (%) n=108 Controls (%) n=238

GSTM]  positive 48 (44.4) 104 (43.7)
null 60(55.6) 134(56.3)

GSTTI  positive 63(58.3) 119(50 )
null 45@41.7) 11950 )

GsTPI  AA 66 (61.1) 158 (664)
AG 38(352) 74(31.1)

GG 4(37) 6(2.5)

NAT2  Rapid 51(472) 106 (44.5)
Intermediate 45 (41.7) 98(412)

Slow 12(11.1) 34(143)

When the subjects were organized by age,
there was a trend of an increase in the GSTM1
null genotype frequency with a decrease in the
age of the patients, but this is not statistically
significant. There was no significant difference
whether the cases and controls had been
exposed to cigarette smoking, alcohol
consumption, or H. pylori infection (Table 3).
However, patients with familial gastric
carcinoma showed rapid or intermediate
acetylator types more frequently than those
without family history of gastric carcinoma
(OR, 1.92; 95% Cl1=1.79-26.0). We determined
the interactions between polymorphic types
and the risk of gastric cancer according to
tumor location, and Lauren classification of
cancer patients. There was no significant
difference according to these variables (Table
4).

DISCUSSION

It is under investigation whether the GSTs
and NAT2 polymorphic types can modify the
risks associated with exposure to carcinogens.
The information of ethnic distribution would
be useful in epidemiological studies. In this
study, the prevalence of GSTMI and GSTTI]
deletion in healthy subjects is 56.3% and 50%,
respectively. The percentage of GSTPIAG or
GG variants in our study was 33.6%, and
NAT? slow acetylator type was 14.3%. These
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Table 3. The distribution of polymorphic types according to selected variables in case and control

groups
Variaby n GSIMImull(%)y  GSTTInull(%) GSTPIAGorGG (%) NAT2 Slow (%)
ariables
Case  Control Case Control Case Control Case  Control  Case  Control
Age groups
<S0yr 16 92 755 554 375 500 375 315 188 6.5
51-60 yr 25 72 64.0 486 360 514 40 347 160 167
61-70 yr 43 53 512 623 42 412 372 396 116 208
>Tlyr 24 21 417 714 458 524 375 238 0 190

Alcohol

Yes' 42 7] 571 56.5 357 56.5 36.3 337 9.1 87

No 66 146 56.1 56.2 454 466 437 336 109 171
Smoking

Yes? 60 104 56.7 57.1 433 524 39.1 352 09 176

No 48 134 563 54.8 396 414 432 319 90 185
H. pylori Infection

Yes T 130 606 56.5 409 473 422 313 113 145

No 37 108 514 556 405 528 35.1 389 8.1 130
Family history*

Yes 94 21 543 524 424 476 372 190 758 143

No 14 217 714 56.7 357 498 500 346 286 124
*Current or ex-drinkers

TCurrent or ex-smokers
*One or more first-degree relafives with gastric cancer
$OR=1.92 (95% CI, 1.79-25.99), x2 P=0.005

Table 4. The distribution of polymorphic types according to clinicopathological characteristics of cases

GSTM1 (%) GSTTI (%) GSTPI (%) NAT2 (%)
Variables n
present  null  present  null AA  AGorGG Rapid or Intermediate  Slow

Tumor location

Distal 54 463 537 593 407 593 407 870 130

Proximal 4 407 593 574 426 63.0 370 944 56
Tauren
classification

Intestinal 35 314 68.6 571 429 65.7 343 828 172

Mixed 23 435 565 522 418 609 39.1 909 91

Diffuse 50 520 480 620 380 58.0 420 R2 78

frequencies are comparative with the previous
results with other healthy Koreans [17-19], and
East Asians [20-22]. The distribution of these
genotypes, however, is different from other
ethnic groups [22-26]. In the present study, we
evaluated the association between GSTs and
NAT?2 polymorphism and the risk factors for
gastric carcinoma whose rates in the East
Asians are among the highest in the world.

We investigated the distribution of some
variables between the cases and controls.
During the past 50 years, the number of
reported cases and subsequent deaths aftributed
to gastric cancer has decreased worldwide [27].
Even the exact causes of the decline of gastric
cancer are not well understood, dietary
modifications and, possibly, fresh fruit and
vitamin supplements remain one of the most
important tool for the prevention of gastric
cancer [28]. In our study, the percentage of

cases whose hometown was rural (OR=2.88,
95% CI=1.72-4.76), and whose socio-
economic status was lower (OR=2.53; 95%
Cl=1.59-4.02) were significantly higher than
that of controls, and these results are consistent
with previous data [27].

Previous reports showed that there was no
association between the GSTM1 and GSTTI
genotypes and gastric cancer in the Japanese
population [29]. Another study, however,
showed that the prevalence of the GSTTI null
genotype was higher in gastric cancer cases
than in the controls [30]. The GSTP! genotype
did not seemed to be associated with the risk of
gastric cancer in the Chinese population [31].
Previous study showed that, individuals with
NAT? rapid acetylator type are at increased risk
of developing gastric carcinoma in Europeans
[32]), and in Koreans [19]. Another study,
however, performed in the USA showed that

there was no correlation between NAT2
polymorphic types and gastric cancer [33]. In
the present study, there was no significant
difference in the distribution of GSTs or NAT2
between the cases and controls. The
discrepancies of these studies may be due to
different sample sizes and dietary habits of the
study groups.

Previous report showed that the frequency of
the GSTMI null genotype in younger gastric
carcinoma patients (<50 years) was higher than
in controls [29]. It was also reported that the
frequency of the GSTTI null genotype
appeared to decrease with an increase in the
age of colorectal cancer patients [34]. In the
present study, GSTMI null genotype frequency
increased with decreasing age of the case
subjects, but, it was not statistically significant.

Since GSTs and NAT2 may play an important
role in the metabolism of tobacco smoke-
derived carcinogens, the risk of gastric cancer
associated with the polymorphisms of these
enzymes may depend on the individuals’
smoking status. It was reported that the
susceptibility of gastric cancer in smokers was
increased by their GSTM1 null phenotype [35].
In our study, the NAT2 type does not play a
significant role in gastric cancer according to
their smoking habits, and this was consistent
with a previous study [36]. There was evidence
that in humans, the NAT] p]éys the major role
in the acetylation of benzidine [37], and its
genotype may be an important genetic
determinant in smoking-induced bladder
cancer [15]. Therefore, it would be worth
investigating whether NAT polymorphic types
play a role in gastric cancer cases exposed to
smoking,

Chronic H. pylori infection associated with a
higher risk of gastric carcinoma has been
demonstrated repeatedly. The precise
mechanism, however, as to how this
microorganism induces gastric carcinogenesis,
and why only a small minority of infected
individuals develops gastric carcinoma remain
unanswered. A previous report showed that the
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null genotype for GSTMI was found more
commonly in H. pylori-associated gastric
carcinoma [38]. Yet another study showed that
there was no association between the risk of
gastric cancer infected with H. pylori and the
GST genotypes [30], and this is consistent with
our study.

Many studies so far have revealed that the
presence of a family history of gastric
carcinoma is associated with an increased risk
of developing the disease in both men and
women. However, little is known about the
relative contributions of genetic and
environmental factors to the development of
familial gastric carcinoma. No previous study
has shown the possible interaction in gastric
cancer between the GSTs and NAT2 genotypes
and familial gastric cancer. We examined to see
if there is a significant difference in the
distribution of GSTs or NAT2 according to the
family history of gastric cancer patients.
Interestingly, NAT?2 rapid or intermediate
acetylator types were associated with a familial
gastric carcinoma of the patients (OR=1.92,
95% ClI=1.79-26.0). In the present study,
however, there is a big difference in the
numbers of patients with or without family
history of gastric carcinoma. Therefore, more
detailed studies need to be undertaken to better
understand whether an enhanced acetylation
may contribute to gastric cancer predisposition.

We analyzed the frequency of GST5 and
NAT?2 among gastric cancer patients following
stratification by the location and Lauren
classification. A previous study showed that
the frequency of the null GSTM/ genotype in
distal gastric cancer patients showed a
statistically significant increase compared to
proximal cancer [29]. Our results, however,
did not show this effect.

Previous study showed that some food items
such as green vegetables, pork, and soybean
crud changed significantly the association of
GSTs with the development of gastric
carcinoma [39]. Recent study showed that the
combination of GSTM! and CYP2E!

genotypes increased the risk for diffuse-type
gastric cancer [40]. Therefore, further studies
need to be performed to investigate the
association of other genetic, environmental, or
habitual factors with the gastric carcinogenesis.

SUMMARY and CONCLUSION

From this study, it could be concluded that
the rural hometown and lower socio-economic
status could be important in the evocation of
gastric carcinoma, but the polymorphic types
of GSTs do not play significant role in the
overall risk of gastric cancer in the study
population. However, the NAT2 rapid or
intermediate acetylator types were associated
with familial gastric carcinoma. To investigate
the precise functions of GSTs and NAT2 in
gastric carcinogenesis, the metabolic pathways
of some important carcinogens inside the body
need to be identified clearly.
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