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Introduction

Lung cancer is frequently cited as an example
of a disease determined solely by exposure to
environmental carcinogens. However, there is a
growing realization that genetic constitution is of
importance in determining an individual’s susce-
ptibility to lung cancer This genetic susce-
ptibility may result from functional polymor-
phism of genes involved in carcinogen metabo-
lism and DNA repair®’

Glutathione S-transferase (GSTs) are a group
of phase II enzymes that detoxify diverse
electrophiles, including carcinogens, chiefly by
conjugating them with glutathione. In human,
there are four classes of cytosolic GST isoenzy-
mes, namely alpha (GSTA), mu (GSTM), pi
(GSTP), and theta (GSTT). They have different
but overlapping specific activities and affinities
for electrophilic substrates®®. In human beings,
the GSTMI1 and GSTT1 genes are polymorphic,
and the phenotypic absence of enzyme activity
1s due to a homozygous inherited depletion of
the gene, the null genotype7'8. Individuals with
GSTMI1 and GSTTI1 null genotype are less able
to detoxify metabolites of environmental carci-

nogens and therefore may be presumably at an

increased risk of lung cancer.

Several studies have been carried out to
clarify the effect of GSTM1 and GSTT1 status
on the risk of lung cancer >12 . However, it would
be premature to form definite views of relevance
of these genotypes to the lung cancer risk due
to ethnic differences in allelic distribution, vari-
ation in the distribution of histologic types and
the methods determining the GSTMI and
GSTT1 status among studies™ ™. Furthermore,
most previous studies have been focused mainly
on male smokers.

Since epidemiological characteristics, histologic
types and risk factors are different in female
and male lung cancers, we investigated the
association between these genotypes and lung
cancer risk in males and females separately to
evaluate the gender-specific effect of these

genotypes on the risk of lung cancer.
Materials and Methods
1. Study Population
Cases were 253 patients (153 males and 100

females) who agreed to this study among 789

patients diagnosed as lung cancer between
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January 1997 and December 1999. The histologic
types of cancer were as follows; 111 squamous
cell carcinoma, 95 adenocarcinoma, 40 small cell
carcinoma, and 7 large cell carcinoma. The
controls consisted of healthy persons recruited
through the general health check-up center
during the same period. Information concerning
gender, age, tobacco consumption, and past
history was obtained from clinical records for

the patients and from interview for the controls.

2. GSTM1 and GSTT1 Genotyping

Genomic DNA was extracted from peripheral
blood lymphocytes by proteinase K digestion and
GSTM1  and
GSTT1 genotypes were determined by a

phenol/chloroform  extraction.
multiplex PCR using three sets of primers to
amplify a 215-bp sequence of the GSTMI1 gene,
a 268-bp sequence of the B-globin gene, and a
480-bp sequence of the GSTT1 gene15. The
absence of the GSTMI1 or GSTTI1-specific fra-
gment indicated the corresponding null genotype,
whereas the B-globin specific fragment indi-
cated the presence of amplifiable DNA in the

reaction mixture.
3. Statistical Analysis

The comparison of ages was performed by
Student’s t-test and the comparison of smoking
status  (current/former/never) by X°-test or
Fisher’'s exact test. The statistical significance
of the differences in the frequencies of GSTMI1
and GSTT1 null genotypes between groups was
calculated by x*~test. The odds ratios (ORs)

were calculated and were expressed together
with the 95% confidence interval (CI). They
were repeated after cases and controls were
stratified by age (<60 years, >60 years),
cigarette consumption (<30 pack-years, >30
pack-years) in males or smoking status (smoker:
current and former smoker, never-smoker) in
females, and histologic type of
Additionally, adjusted OR and 95% CI for lung

cancer in females were calculated from multiple

cancer.

logistic regression analysis using age, Smoking
status, GSTMI1 genotype and GSTT1 genotype
as dependent variables. All analyses were
performed using Statistical Analysis Software
(SAS) for Window, version 6.12 (SAS institute,
Cary NO).

Results

The details of cases and controls enrolled in this
study are shown in Table 1. The mean age of
cases (61+8.6 years) was similar to controls (60
+89 years) in males, but the mean age was
higher for cases than controls in females (62+
105 years versus 58+10.5 years; p<0.05). Cases
showed a higher prevalence of current smokers
compared with controls in both males and
females (p<0.05).

In the male populations, the frequencies of
GSTMI1 and GSTT1 null genotypes were not
significantly different between cases (56.2% and
56.9%, respectively) and controls (55.7% and
55.0%, respectively). The frequencies of GSTMI1
and GSTT1 null genotypes among controls were
similar to the results of previous studies for

Koreans® ", and did not differ significantly
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Table 1. Characteristics of the study population

Male Female
Case Control Case Control
Population 153 140 100 103
Age (years) 61+8.6 60+8.9 62+10.5 58+10.5"
Smoking Status(%)
Current 146(95.4) 95(67.9)° 37(37.0) 98.7)"
Former 5(3.3) 36(25.7) 3(3.0) 3(2.9)
Never 2(1.3) 9(6.4) 60(60.0) 91(88.4)

p €0.05; Pnumbers in parenthesis, percentage

Table 2. Association between GSTMI1 and GSTT1 genootypes, and lung cancer risk in males

GSTM1 GSTT1
nu?ljl tsoetal ni?ll/qgi)iﬂ OR" 9% CI" nu(l:l?tsoetal ni?lr/ltt(r)?alll OR 9% d

All 86/153(56.2)° 78/140(55.7) 102 064-162  87/153(569) 77/140(55.0) 1.08 0.68-1.71
Age(years)

<60 33/65(50.8)  36/63(57.1) 0.77 039-155  35/66(539)  32/63(50.8) 113 057-2.26
>60 53/88(60.2)  42/77(546) 1.26 068-234  52/83(59.1)  45/77(584) 1.03 0.55-1.91
Pack-Years in Smokers"

<30 29/51(56.9)  36/66(54.6) 1.10 0.53-2.29 23/51(45.1)  35/66(53.0) 0.73 035-1.52
>30 56/100(56.0)  36/65(55.4) 1.03 055-1.92  63/10063.0) 36/65(554) 1.37 0.73-2.59

- . b . . . . . . d
%odds ratio; “confidence interval; ‘numbers in parenthesis, percentage; “current and former

smokers

according to age (<60 years, >60 years) and
(<30 pack-years, >30

pack-years). When the male populations were

cigarette consumption

stratified by age and cigarette consumption,
GSTM1 or GSTT1 nul

frequency showed significant difference between

neither genotype
cases and controls in each subgroup (Table 2).

The frequencies of GSTMI1 and GSTTI null
genotypes in the female populations are shown
in Table 3. Among controls, the frequencies of
GSTM1 and GSTT1 null genotypes did not

differ significantly according to age (<60 years,
>60 years) and smoking status (current and
former smoker, never-smoker). The frequencies
of GSTMI1 null genotype showed no significant
(54.0%
and 50.3%, respectively). When stratifying the

difference between cases and controls

female subjects by age and smoking status, the
frequency of GSTMI null genotype was also not
significantly different between cases and controls
In contrast to GSTMIL
genotype, the frequency of GSTTI1 null genotype

in each subgroup.
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Table 3. Association between GSTMI1 and GSTT1 genotypes, and lung cancer risk in females

GSTM1 GSTT1
Case Control A b Case Control o
null/total null/total OR" 95% CI null/total null/total OR %% d
All 54/100(54.0°  57/103(35.3) 095 055-165  73/100(73.0) 57/103(55.3) 218 1.21-393"
Age(years)

<60  14/32(43.8)
>60 40/68(58.8)
Smoking status

NS 35/60(58.3)

s 19/40(47.5) 6/12(50.0) 091

30/53(56.6) 060 0.22-158
27/50(54.0) 122 058-2.54

51/91(56.0)0 110 057-2.12
0.25-3.29

27/32(844)  28/53(528) 482 146-169*
46/68(67.7)  29/50(580) 151  0.71-323
50/60(82.0)  49/91(539) 429 194-94"
23/40(57.5) 8/12(66.7) 068 0.18-262

“odds ratio; "confidence interval; “numbers in parenthesis, percentage
dhever-smokers; ‘current and former smokers; 'p=0.009; *p=0.003; "p=0.001

Table 4. Multiple logistic regression analysis for females

OR 95% Cl P
GSTMI1(+/-) 0.892 0.651-1.223 0479
GSTTI1(+/-) 1.710 1.219-2.400 0.002
Age (<60/>60 years) 2.086 1.123-3.876 0.020
Smoking status (NS/S)* 5328 2477-11.46 <0.001

NS : never-smokers, S : current and former smokers

was significantly higher in cases (70.3%) than
controls  (55.3%, OR=2.18, 9% CI=1.21-3.93).
When the female populations were stratified by
age and smoking status, the ORs for GSTT1
null genotype were significantly higher in
subgroups of <60 years (OR=4.82; 95% CI=
1.61-144) and never-smokers (OR=4.29; 95%
CI=1.94-9.48), but not in subgroups of >60 years
or smokers.

When stratifying the female never-smokers by
age, the ORs for GSTTI1 null genotype were
significantly higher in both age groups of <60
yvears (OR=764; 9% CI=2.00-29.2) and >60
years (OR=2.89; 9% CI=1.05-7.94). However, in
significant

female smokers, there was no

X’=37.534, P=0.001

association between GSTT1 null genotype and
lung cancer risk in both age groups (data not
shown). B

In multiple logistic regression analysis for
females, the GSTT1 null genotype was a
significant lung cancer risk factor (OR=1.71;, 95%
CI=1.22-240), together with smoking
(never-smoker/ current and former smoker,
OR=5.33; 95% CI=248-1146), and age (<60
years/>60 years, OR=2.09; 95% CI=1.12-3.83) in
female populations (Table 4).

The frequencies of GSTMI1 and GSTTI1 null

genotypes according to histologic types of cancer

status

are shown in Table 5. GSTMI1 null genotype

was no apparent relationship with any of the

— 489 —



— S. S. Jang, et al —

Table 5. Association between GSTM1 and GSTT1 genotypes, and lung cancer risk: stratified

by histologic types

Histologic GSTMI GSTTI
type nu?;f; . OR 9%l nu?;‘f; 4 OrR  %%a
SO BRIGEE 09 055-179 43/81(93) 116 0.64-209

Male sce 16/24667) 159 059437 12724000 082 032211
ADF 21/43488) 076 036-159  23/43(535) 094  045-1.97
50 14/3067) 071 031-160  21/30700) 188  0.79-450

Female SC 716438 063 022-181 1316813 350  094-1301
AD 3152506 119 061-234 3752712 199 0.97-407

. . b . .
®odds ratio referred to control group; “confidence interval

3 . d . . .
‘squamous cell carcinoma; “small cell carcinoma; “adenocarcinoma

Tumbers in parenthesis, percentage; °p=0.057

histologic types in males and females. Although
failing to reach statistic significance, however,
GSTT1 null
increased risk of adenocarcinoma in females
(OR=1.99; 9% CI=0.92-4.34, p=0.057). We also
investigated the effect of concurrent GSTM1 and

genotype was associated with

GSTT1 null genotypes on lung cancer risk, but
the lung cancer risk related to the GSTT1 null
genotype in the female populations was not
of the GSTMI null

genotype (data not shown).

increased 1in carriers

Discussion

This is the first study showing that GSTT1 null
genotype is associated with an increased risk of
lung cancer in female never-smokers. GSTT1 is
mvolved in detoxification of potential carcinogens
such as ethylene oxide and butadiene found in
81819 Therefore, individuals with

GSTT1 null genotype may be presumably at

cigarette smoke

increased risk of tobacco smoker-related cancers

such as lung cancer. GSTTI null genotype was

also associated with increased risk of various
tumors™ % although the causative substrates of
GSTT1 was not

previous studies conducted in male smokers

identified. However, the

have not demonstrated a significant increase of
lung cancer risk in individuals carrying GSTT1
2023 Our - study also did not

show a significant association between GSTTI1

null genotype

null genotype and lung cancer risk among
smokers in both genders. In the present study,
however, we found a significant association
between GSTT1 null genotype and lung cancer
risk among female never-smokers.

GSTT1 may not be involved in the biotran
sformation of the major smoke carcinogens. This
is supported by the study of Rojas et al? in
which there was no differences in benzolalpy-
rene diol epoxide-DNA adduct levels between
GSTT1 null and active genotypes among wor-
kers exposed to polycyclic aromatic hydrocarbon,
one of major carcinogens in tobacco—smoke. In
Korea, the proportion of never-smokers in

female lung cancer cases is about 70—80%25'26,
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which 1s remarkably higher than 9-13% of
female cases in the United States”. Unidentified
risk factors other than smoking, such as diet,
indoor exposure to fumes from cooking oil and

. 9830
coal combustion

, may play an important role
on the development of lung cancer in Korean
females. The prevalence of GSTT1 null genotype
shows remarkable inter-racial differences™. The
prevalence of GSTTI1 null genotype is higher in
Korean (50-60%)"""" than in Caucasians (20% or
less)™.

Our results are contrary to the previous
studies that GSTTI null genotype was not
associated with an increased risk for lung cancer

. 32,33
in female never-smokers™

. This discrepancy
may be explainable by the reasons mentioned
above such as different risk factors and higher
prevalence of GSTT1 null genotype in Korean.
Environmental tobacco smoking (ETS), a major
cause of lung cancer in never*smokersm, could
modify the risk of lung cancer associated with
GSTT1 null genotype. Although we did not
analyze the association between ETS and
GSTTI1 null genotype, our finding that the risk
of lung cancer associated with GSTT1 null
genotype was significantly higher in the age
group of <60 years, probably having shorter
duration of ETS exposure than in the age group
of >60 vyears, suggests that ETS does not
strongly modify the association of GSTT1 null
genotype and lung cancer risk in female
never-smokers.

Regarding the association of GSTMI1 genotype
and lung cancer risk, we could not find a
significant association between GSTMI1 null
genotype and lung cancer risk in both males and
females. A number of studies have been

— 491

conducted to evaluate the potential role of
GSTMI null genotype as a risk factor for lung
cancer. An earlier review’ of 12 case-control
studies concluded GSTM1 deficiency is a
moderate risk factor for all histologic subtypes
of lung cancer with odds ratio of 141 (95%
CI=1.2-1.6). However, when these studies were
stratified to race, an elevated OR was detected
in Japanese population (OR=1.60; 9% CI=
1.3-2.1), but not in Caucasian (OR=1.17; 95%
CI=0.98-1.40). Moreover, the overall OR of lung
cancer risk associated with GSTMI deficiency in
the studies determining GSTMI1 status by
genotyping was lower (OR=1.13; %% CI=
1.04-1.25) than that of studies based on
phenotyping methods (OR=2.12; 95% CI=1.43-
313)"°. These results may suggest that the
estimates of lung cancer risk associated with
GSTM1
determined GSTMI1 status by phenotyping

deficiency in the early studies
methods were exaggerated. Thus it seems
reasonable that the role of GSTMI1 deficiency as
a lung cancer risk factor should be assessed in
each ethnic population differently.

In conclusion, we found that GSTT1 null
genotype was associated with an increased risk
of lung cancer in Korean female never-smokers.
This result suggests that GSTT1 null genotype
could be wused as a biomarker for genetic
susceptibility to lung cancer in Korean female

never—-smokers.
Summary
Background : Most previous studies regarding

the role of GSTMI and GSTT1 on lung cancer

risk have been focused mainly on male smokers.
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However, epidemiological characteristics, histo
logic types and risk factors are different in
female and male lung cancers, we investigated
the association between these genotypes and
lung cancer risk in males and females separ-
ately.

Materials and Methods : The study population
consisted of 253 lung cancer (153 males and 100
females) and 243 controls (140 males and 103
females). GSTM1 and GSTT1 genotypes were
determined by a multiplex PCR.

Results In the male population, neither
GSTM1 nor GSTT1 null genotype showed
significant difference between cases and controls.
In the female population, the frequencies of
GSTM1 null genotype showed no significant
difference between cases and controls. However,
the frequencies of GSTT1 null genotype was
significantly higher in cases (70.3%) than
controls (55.3%, odds ratio (OR)=2.18, 95%
confidence interval (CI=1.21-393). When the
female population was stratified by age and
smoking status, the ORs for GSTT1 null
genotype were significantly higher in subgroups
of <60 years (OR=4.82; 95% CI=161-14.4) and
never-smokers (OR=4.29; 95% CI=1.94-9.48) but
not in subgroups of >60 years or smokers.
When stratifying the female never-smokers by
age, the ORs for GSTT1 null genotype were
significantly higher in both age groups of <60
years (OR=764; 9% CI=2.00-29.2) and >60
years (OR=2.89; 95% CI=1.05-7.94).

We found that GSTT1 null

genotype was associated with an increased risk

Conclusion

of lung cancer in Korean female never-smokers.
This result suggests that GSTT1 null genotype

could be used as a biomarker for genetic

susceptibility to lung cancer in Korean female

never—smokers.
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