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Abstract. Lung cancer is the leading cause of cancer mortality 
worldwide and tobacco smoking has been established as 
its biggest risk factor. Cigarette smoke contains several 
carcinogens. Most of them need to be activated by phase I 
enzymes, such as cytochrome P450 (CYP), while phase II 
enzymes, such as glutathione S-transferases are respon-
sible for the detoxification of activated forms. The present 
study aimed to determine the role of CYP1A1, GSTP1 and 
GSTM1 gene polymorphisms in smoking-related lung cancer 
risk. It also aimed to investigate the association of the above 
polymorphisms with clinicopathological parameters, as well 
as their effect on survival. One hundred newly diagnosed 
lung cancer patients with advanced disease and 125 healthy 
controls with a smoking history participated in the study. The 
participants were screened for the presence of the following 
polymorphisms: MspI (CYP1A1), Ile105Val (GSTP1) and 
GSTM1 deletion. The above polymorphisms were also 
examined with regards to gender, age, histological type and 
survival. GSTP1 Ile/Val and GSTM1-null genotypes were 
associated with increased lung cancer risk and the presence 
of the combination of the three non-wild-type genotypes 
increases susceptibility to lung cancer (OR 3.328, 95% 
CI=1.681-6.587, p=0.001). In the non-small cell lung cancer 
group, the GSTP1 homozygous variant was significantly asso-
ciated with increased lung cancer risk (p=0.008) and shorter 
survival. The results of this study suggest that the GSTP1 Ile/
Val genotype and GSTM1 deletion contribute to increased 

lung cancer susceptibility. Moreover, GSTP1 Val/Val geno-
type is associated with increased lung cancer risk and shorter 
survival in non-small cell lung cancer patients.

Introduction

Lung cancer is the leading cause of cancer mortality accounting 
for 1.18 million deaths worldwide. The incidence rates 
have peaked among men and are continuing to rise among 
women, with half of the cases occurring in the developing 
world (1). Lung cancer is divided into two major types, non-
small cell and small cell lung cancer. Small cell lung cancer 
accounts for 20% of all cases, while non-small cell lung cancer 
accounts for approximately 80% and includes three subtypes: 
Squamous-cell carcinoma, adenocarcinoma and large-cell 
undifferentiated carcinoma. Most of the patients are diagnosed 
at an incurable stage. Surgery is part of the management of 
the early stages of non-small cell lung cancer, while it plays a 
limited role in small cell lung cancer treatment. Patients with 
advanced disease usually only receive chemotherapy, with 
survival varying from a few weeks to a few years in non-small 
cell lung cancer and approximately one year for small cell lung 
cancer patients (2).

Tobacco smoking has been established as a major risk factor 
for lung cancer, although less than 20% of smokers are likely 
to develop the disease. The risk among smokers as compared 
with those who have never smoked is increased 8-15 times 
in men and 2-10 times in women and smoking cessation is 
known to reduce the risk, especially in heavy smokers (3). 
Cigarette smoke contains several chemicals which are known 
carcinogens, such as polycyclic aromatic hydrocarbons 
(PAHs), aromatic amines and N-nitroso compounds. Most of 
these chemicals are procarcinogens that need to be activated 
and converted into reactive carcinogens by phase I enzymes 
belonging to the cytochrome P450 gene superfamily (CYP). By 
contrast, phase II enzymes such as glutathione S-transferases 
(GSTs) are responsible for carcinogen detoxification. In the 
last two decades, medical and epidemiological studies have 
described genetic variants which appear to affect lung cancer 
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susceptibility. Specifically, gene variants have been shown to 
be associated with increased lung cancer risk in smokers (4).

CYP1A1 is important in PAH and aromatic amine metabo-
lism. The MspI polymorphism has been associated with 
increased lung cancer risk and is caused by one base substitu-
tion of thymine by cytosine in a non-coding region at position 
3801 (T3801C). Positive associations of CYP1A1 polymor-
phisms and lung cancer risk were identified in early Japanese 
studies (5). However, there is no consistent evidence of an 
association in other ethnic groups.

GSTM1 detoxifies PAH-derived epoxides by catalyzing 
their conjugation to glutathione. The GSTM1 null genotype 
causes loss of enzyme activity. GSTM1 deletion has been 
associated with host susceptibility in smoking-related lung 
cancer and the frequency of the deficiency ranges from 
40-60% in most ethnic groups (6).

Additionally, the GSTP1 genetic polymorphism is the result 
of a single base-pair substitution in which adenine is replaced 
by guanine leading to isoleucine replacement by valine in 
exon 5 (Ile105Val). This substitution results in a disabled 
detoxification function and the accumulation of higher levels of 
activated carcinogens in the lung. Previous studies examining 
GSTP1 polymorphisms and lung cancer reported no significant 
association (7).

The primary objective of our study was to correlate 
CYP1A1, GSTM1 and GSTP1 polymorphisms and lung 
cancer risk in a Greek smoking population. Additionally, we 
examined the association of gene polymorphisms with clinical 
parameters and histology, as well as with survival.

Patients and methods

Patients. One hundred patients with histologically or cyto-
logically documented advanced lung cancer (inoperable stage 
III and IV disease) of all histological types, and 125 healthy 
controls were included in the study. Informed consent was 
obtained from each participant. A detailed questionnaire was 
completed including past medical history, smoking and lifetime 
occupational history. Individuals with a history of previous 
environmental or occupational exposure were excluded. A 
medical check-up was carried out for the healthy individuals. 
Clinical characteristics were well-balanced between the two 
groups. The mean age was 67 and 68.5 years for the patient and 
control groups, respectively. The majority of the patients were 
male, representing 83% of the lung cancer patients and 86% 
of the healthy controls. The participants had a heavy smoking 
history of 62 and 58 packs/year for the two groups. Of the lung 
cancer cases, 52% had a diagnosis of adenocarcinoma, 24% of 
squamous cell carcinoma, 2% of large cell and 22% of small 
cell carcinoma (Table I). Additionally, all patients received 
platinum-based chemotherapy.

Blood samples and PCR. Blood samples were collected in 
EDTA-containing tubes from the participants and immediately 
stored at -80˚C until genotype analysis. Genomic DNA was 
isolated from the blood samples using standard procedures.

Following DNA isolation a PCR assay was used for 
each gene. The β-globin gene was co-amplified as a positive 
control for GSTM1 gene. The primers used were as follows: 
CYP1A1 forward: 5'-GATTGGGCACATGCTGACC-3', 

and reverse: 5'-CTGTCAAGGATGAGCCAGCA-3', GSTP1 
forward: 5'-GTAGTTTGCCCAAGGTCGAG-3', and reverse: 
5'-AGCCACCTGAGGGGTAAG-3', GSTM1 forward: 5'-GAA  
CTCCCTGAAAAGCTAAAGC-3', and reverse: 5'-GTTGG  
GCTCAAATATACGGTGG-3',  β-globin forward: 5'-CAAC  
TTCATCCACGTTCACC-3', b-glob reverse: 5'-GAAGA 
GCCAAGGACAGGTAC-3'.

CYP1A1 gene PCR products were digested at 37˚C over-
night with MspI enzyme (Takara Bio, Inc., Shiga, Japan). 
Similarly GSTP1 gene PCR products were digested at 55˚C 
for 2 h with BsmaI enzyme. The digestion products as well 
as GSTM1 PCR products were subjected to electrophoresis 
on a 2% agarose gel stained with ethidium bromide and the 
genotypes were determined by analysis of the bands on the gel. 
For CYP1A1 the presence of one band (340 bp) represented the 
homozygous wild type, three bands (340, 200 and 140 bp) the 
heterozygous and two bands (200 and 140 bp) the homozygous 
variant. For GSTP1, the presense of one band (330 bp frag-
ment) identified the homozygous for isoleucine (Ile/Ile), three 
bands (330, 220 and 110 bp) the heterozygous (Ile/Val) and 
two bands (220 and 110 bp) the homozygous for valine (Val/
Val). The absence of the band (210 bp) for GSTM1 indicated 
the GSTM1-null genotype, whereas the β-globin fragment 
(260 bp) confirmed the proper functioning of the reaction.

Statistical analysis. The association of the above polymor-
phisms with disease status (lung cancer versus healthy) was 
examined by the Chi-square or Fisher's exact test. Other 
associations were examined by the Chi-square or Fisher's 
exact test for categorical variables or the Mann-Whitney test 
for numerical variables. Patients were followed until they 
succumbed to the disease. Survival was defined as the time 
from the date of the initiation of chemotherapy until the date 
of death from any cause. Median survival was calculated using 
the Kaplan-Meier method. The prognostic significance of the 
above polymorphisms was examined using the log-rank test. 
Multivariate analysis of the prognostic factors was examined by 
the Cox-regression analysis. Variables were examined for their 
prognostic significance by multivariate analysis. All tests were 
two-tailed and a p<0.05 was considered statistically significant.

Table I. Clinical characteristics of the participants.

 Lung cancer patients Healthy controls

Age (mean, years) 67 68.5
Gender (m/f, %) 83/17 86/14
Smoking history 62 58
(packs/year)
Histology (%)   
  Adenocarcinoma 52  
  Squamous cell 24  
  carcinoma
  Large cell 2  
  carcinoma
  Small cell 22  
  carcinoma
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Results

Correlation of the genotype frequencies between the two 
groups. There was no statistically significant difference 
among the CYP1A1 wild-type, heterozygous and homozygous 
variants between the two groups. However, the heterozygous 
type for GSTP1 (Ile-Val) differed significantly, with 41% in the 
lung cancer group and 22% in the healthy controls (p=0.004). 
Similarly, deletion of the GSM1 gene was shown in 55% of 
the lung cancer patients and 37% in the healthy control group 
(p=0.011) (Table II).

Results of the Cox regression analysis showed the presence 
of the heterozygous (Ile/Val) type [OR 2.46, 95% confidence 
interval (CI)=1.33-4.57, p=0.004] and the GSTM1-null 
genotype (OR 2.081, 95% CI=1.182-3.664, p=0.011) to be 
significantly associated with lung cancer. Additionally, the 
multivariate analysis revealed that the combination of wild-
type genotypes for the three genes is correlated with reduced 
lung cancer risk by 69% (95% CI=38-84%, p=0.001), while 

the presence of non-wild type genotypes increases lung cancer 
susceptibility (OR 3.328, 95% CI=1.681-6.587, p=0.001).

Regarding the clinicopathological characteristics, the 
analysis demonstrated that there was no correlation between 
gene polymorphisms and gender, age or histological subtype. 
However, in the group of non-small cell lung cancer patients 
the only polymorphism significantly associated with increased 
lung cancer risk was the GSTP1 homozygous variant (HR 
3.558, 95% CI=1.398-9.053, p=0.008). There was no association 
between gene polymorphisms and lung cancer susceptibility 
in the small cell lung cancer group.

Correlation between survival and gene polymorphisms. In 
total, 98 patients were followed between 1 and 60 months until 
they succumbed to the disease, with two patients being lost 
to follow-up. Median survival was 15 months (95% CI=12.9-
17.1 months) (Table III).

As shown, there was no statistically significant correlation 
between genotypes and survival, with the exception of the 

Table II. Frequency of genotypes among lung cancer and healthy participants for CYP1A1, GSTP1 and GSTM1 genes.

Gene status Lung cancer patients Healthy controls p-value

CYP1A1   
  MspI (-/-) 77 109 0.183
  MspI (+/-) 21 15 
  MspI (+/+) 2 1 
GSTP1   
  Ile/Ile 52 85 0.004
  Ile/Val 41 28 
  Val/Val 7 12 
GSTM1   
  Present 45 79 0.011
  Absent 55 46 

Table III. Survival and gene polymorphism status.

Gene Median survival (months) 95% CI (months) p-value

CYP1A1
  Wild-type 15 12.2-17.8 
  Heterozygous 13   8.6-17.4 ns
  Homozygous 13 Not evaluable ns
GSTM1
  Wild-type 16 13.5-18.5 
  Deficient 14 10.4-17.6 ns
GSTP1
  Wild-type 18 14.5-21.5 
  Heterozygous 14 10.9-17.1 ns
  Homozygous 11   0.7-21.3 0.004

ns, not significant; CI, confidence interval.
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homozygous variant of GSTP1 which was associated with a 
shorter median survival of 11 months (p=0.004). Similarly, in 
the non-small cell lung cancer group, patients carrying two 
copies of the valine allele for the GSTP1 gene had a signifi-
cantly shorter median survival of 7 months, compared with 
18 months for the wild-type genotype (p=0.001) and 14 months 
for the heterozygous type (p=0.043).

Discussion

Experimental research has demonstrated that PAHs and other 
carcinogens in smoke form DNA adducts that lead to the muta-
tion of targets, such as the tumor-suppressor gene p53, and 
ultimately cause cancer (8). Epidemiological studies have also 
shown a good correlation between PAH- and aromatic-DNA 
adducts in blood and lung tissue of smokers (9). Additionally, 
there are reports of elevated concentrations of DNA adducts 
in white blood cells or lung tissue in cancer cases compared 
with controls (10). These data suggest that carcinogen activa-
tion may be a risk factor for cancer, while the detoxification 
of these carcinogens may play a protective role against DNA 
damage. Therefore, certain individuals would be more suscep-
tible to DNA damage due to metabolic activation or decreased 
detoxification of environmental carcinogens (11).

CYP1A1 MspI polymorphism has been shown to increase 
catalytic activity for pro-carcinogen conversion, including PAH 
and aromatic amines. GSTP1 and GSTM1 catalyze glutathione 
conjugation with carcinogens leading to detoxification. There 
are a number of studies on gene polymorphisms with regards to 
lung cancer risk. However, the results of such studies have been 
inconsistent and some are contradictory (12-16). Therefore, 
in the present study, we examined the presence of the poly-
morphisms MspI for CYP1A1 gene, Ile105Val for GSTP1 and 
deletion for GSTM1 gene and their association with lung cancer 
incidence in Greek smokers.

Findings of this study showed that the frequency of the 
CYP1A1 genotype did not differ significantly between lung 
cancer patients and healthy controls (p=0.183), while there 
was a statistically significant difference in the frequency of 
GSTP1 Ile/Val (p=0.004) and GSTM1-deletion (p=0.011) 
between the two groups.

In Caucasian populations, the MspI polymorphism variants 
range from 15 to 33% with the MspI homozygous variant found 
to be between 0 and 4% (17). In our study, 22 and 12% were 
heterozygous and 2 and 1% were homozygous for MspI, in the 
lung cancer and control groups, respectively. Moreover, the 
homozygous deletion for GSTM1 is found to be approximately 
50% in Caucasians (18). In the population of our study the 
percentage of GSTM1 deletion was 55% for the lung cancer 
patients and 37% for the controls. Moreover, as shown in 
pooled analyses, in Caucasians, the wild-type genotype (Ile/
Ile) for GSTP1 is 47%, the heterozygous-type (Ile/Val) is 42% 
and the homozygous mutant allele (Val/Val) is approximately 
11% (19). In our population the homozygous mutant allele was 
found to be 7 and 10% in the lung cancer cases and healthy 
controls, while the heterozygous type (Ile/Val) was 41 and 
22%, respectively. The difference in GSTP1 Ile/Val frequency 
between the two groups was statistically significant (p=0.004). 

The Cox regression analysis revealed that GSTM1 deletion 
as well as the heterozygous (Ile/Val) type for GSTP1 gene 

were associated with increased lung cancer risk. Conversely, 
no association was found for the MspI polymorphism.

Our findings on the GSTM1 deletion are in agreement with 
previous studies. Several meta-analyses and pooled analyses 
have been consistent in finding a statistically significant increase 
in risk for individuals carrying the GSTM1 null genotype. A 
recent meta-analysis involving 19638 cases and 25266 controls 
from 98 studies revealed increased lung cancer risk (OR 1.22, 
95% CI=1.14-1.30), particularly, in individuals of an East Asian 
ethnic background (OR 1.38, 95% CI=1.24-1.55) (20).

Given that GSTP1 is the most abundant isoform in the 
lungs, it is expected to be of particular importance in the 
detoxification of inhaled carcinogens. Individuals with 
the Ile/Val or Val/Val genotype exhibit significantly lower 
‘detoxification’ activity compared with those with the Ile/Ile 
genotype. Additionally, carriers of at least one copy of the G 
(guanine) allele have increased levels of hydrophobic adducts 
in the lung and higher levels of PAH-DNA adducts in human 
lymphocytes (21). A meta-analysis performed for all published 
papers revealed no association between lung cancer risk and 
the GSTP1 exon 5 polymorphism. However, the reports on 
the GSTP1 polymorphism do not demonstrate an increased 
lung cancer risk. By contrast, a pooled analysis of selected 
published studies suggested an increased risk of lung cancer 
associated with carrying at least 1 valine allele (OR 1.11, 95% 
CI=1.03-1.21). In addition, the GSTP1 exon 5 polymorphism 
varied according to ethnicity. When stratified by ethnicity, this 
association was strongly observed among Asians, especially, 
in those with adenocarcinoma, but not among Caucasian 
subjects (19).

A global meta-analysis of 71 case-control studies involving 
30368 subjects was performed to evaluate the effect of 
CYP1A1 gene polymorphisms on lung cancer susceptibility. 
MspI polymorphism of the CYP1A1 gene was found to be a 
risk factor associated with increased susceptibility for lung 
cancer, but these associations vary between ethnic populations. 
The odds ratio of the MspI polymorphism for lung cancer was 
1.19 (95% CI=1.11-1.28). In the subgroup analysis by ethnicity, 
increased risk was observed among East Asians and only 
marginal associations were detected among Caucasians and 
other populations (22).

Several reports have evaluated the effects of combina-
tions of risk genotypes on cancer susceptibility. In particular, 
GSTM1 deletion is a moderately strong susceptibility factor 
for cancer but may become a dominant risk factor in the pres-
ence of gene-gene combinations. Studies have clearly shown 
the dependence of adduct levels on the CYP1A1 genotype 
which is more pronounced in GSTM1-deficient smokers. 
Smokers with CYP1A1 MspI variant/GSTM1-null geno-
types were found to have increased levels of DNA adducts 
in lung tissue and leucocytes (17). Furthermore, in a Greek 
study by Dialyna et al the combination of rare variants of the 
CYP1A1, GSTM1 and GSTT1 genes was over-represented in 
lung cancer patients, compared to the control population and 
was significantly associated with a history of heavy tobacco 
consumption in lung cancer patients (23). In our study, consis-
tent with previous studies, the combination of the MspI variant 
and GSTM1 deletion was significantly associated with lung 
cancer risk (p=0.029). Furthermore, our study demonstrated 
that the combination of the risk genotypes for the three genes 
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significantly increases lung cancer susceptibility (OR 3.328, 
95% CI=1.681-6.587, p=0.001).

Evidence regarding the correlation of polymorphisms with 
histological types is lacking. A study by Risch et al showed 
that the risk alleles for GSTM1 and GSTP1 were present at a 
higher frequency in squamous cell carcinoma than in adeno-
carcinoma. This appears to be consistent with the reduced 
detoxification of carcinogens in cigarette smoke which has 
been shown to be more important in the development of 
squamous cell lung cancer (24). Our study found no asso-
ciation between histological subtypes and the risk genotypes. 
However, when the genotypes were analysed according to the 
two main categories, non-small and small cell lung cancer, the 
homozygous (Val/Val) type for the GSTP1 gene was signifi-
cantly associated with lung cancer risk in the non-small cell 
lung cancer group.

The literature on gene polymorphisms and survival is incon-
sistent (25,26). In a study by Sweeney et al involving 274 lung 
cancer patients the GSTM1-null genotype was associated with 
shorter survival with a relative risk of death, adjusted for stage 
and histology, of 1.36 (95% CI=1.04-1.80) (27). These results 
were consistent with those of another study by Goto et al who 
examined 232 non-small lung cancer patients and found a 
statistically significant worse survival in the group of patients 
with the GSTM1 deletion (28). In the same study, no effect on 
survival was observed by the GSTP1 genotype. In a previous 
study comprising 138 non-small cell lung cancer patients, the 
GSTP1 exon 5 and GSTM1 deletion polymorphisms were not 
associated with the clinical outcome (29). The lung cancer 
patients involved in our study had advanced-stage disease and 
had all received platinum-based chemotherapy. Following a 
60-month follow-up, survival data were analysed. The gene 
polymorphisms were not correlated with clinical outcome, 
with the exception of GSTP1 Val/Val genotype which was 
associated with a shorter survival of 11 months (p=0.004). The 
same genotype was also found to have a negative impact on 
survival in the non-small cell lung cancer group, compared 
with the wild-type and heterozygous genotypes.

Our study therefore demonstrated a significant impact of 
GSTP1 Ile/Val and Val/Val genotype on lung cancer suscepti-
bility in a Caucasian population and associated the GSTP1 Val/
Val variant with survival deterioration.

In conclusion, the role of gene polymorphisms in the 
development of lung cancer has been extensively studied in 
several ethnic groups. We investigated the role of certain 
gene polymorphisms in the development of lung cancer in 
Greek individuals exposed to cigarette smoke. Additionally, 
we demonstrated a statistically significant lung cancer risk 
in patients with either a GSTM1 deletion or GSTP1 Ile/Val 
genotype. The homozygous variant for GSTP1 (Val/Val) was 
shown to be associated with increased risk among non-small 
cell lung cancer patients. Furthermore, the Val/Val genotype 
was correlated with a shorter survival (p=0.004) in the overall 
population, as well as in the non-small cell lung cancer group. 
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