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To investigate the role of microsomal epoxide hydrolase (mEH) polymorphisms in the
aetiology of lung cancer and to assess the interaction between mEH polymorphisms and
smoking, we performed a meta-analysis of seven published studies, which included 2078
cases and 3081 controls, and a pooled analysis of eight studies (four published and four
unpublished at that time) with a total of 986 cases and 1633 controls. The combined meta-
analysis odds ratios (ORs) were 0.98 (95% con®dence interval [CI] ˆ 0.72±1.35) for
polymorphism at amino acid 113 in exon 3 (His/His versus Tyr/Tyr genotype) and 1.00
(95% CI ˆ 0.71±1.41) for polymorphism at amino acid 139 in exon 4 (Arg/Arg versus His/
His genotype). In the pooled analysis, we observed a signi®cant decrease in lung cancer
risk (ORˆ 0.70, 95% CI ˆ 0.51±0.96) for exon 3 His/His genotype after adjustment for
age, sex, smoking and centre. The protective e� ect of exon 3 polymorphism seems
stronger for adenocarcinoma of the lung than for other histological types. The OR for
high predicted mEH activity, compared with low activity, was 1.54 (95% CI ˆ 0.77±3.07)
in the meta analysis and 1.18 (95% CI ˆ 0.92±1.52) in the pooled analysis. We did not ®nd
a consistent modi®cation of the carcinogenic e� ect of smoking according to mEH
polymorphism, although the risk of lung cancer decreased among never smokers with high
mEH activity and among heavy smokers with the exon 3 His/His genotype. In conclusion,
this study suggests a possible e� ect of mEH polymorphisms at exon 3 in modulating lung
cancer. If present, this e� ect may vary among di� erent populations, possibly because of
interaction with genetic or environmental factors.

Keywords: microsomal epoxide hydrolase, polymorphism, lung cancer, smoking.

Introduction
The enzyme microsomal epoxide hydrolase (mEH) is known to play a dual role

in the bioactivation and detoxication of procarcinogens. mEH catalyses the
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hydrolysis of reactive aliphatic and arene epoxides; this reaction is generally
considered to be a detoxi®cation reaction (Oesch 1973). mEH also intervenes in
the metabolic activation of the polycyclic aromatic hydrocarbons (PAHs), one
group of carcinogens present in tobacco smoke, thereby triggering the formation of
highly reactive metabolites (Lu and Miwa 1980). The mEH gene is composed of

nine exons, and two genetic polymorphisms have been identi®ed: one at amino
acid 113 in exon 3, resulting in a tyrosine (Tyr) to histidine (His) change and in
reduced enzyme activity, the other at amino acid 139 in exon 4, which changes
histidine to arginine (Arg), and increases enzyme activity by modifying protein
stability (Hassett et al. 1994). Since mEH is strongly expressed in bronchial
epithelial cells and is presumably involved in metabolism of tobacco carcinogens
such as PAHs, an association between mEH and susceptibility to lung cancer has
been hypothesized. However, most of the published relevant studies are small and
their results appear to be con¯icting. Benhamou et al. (1998) and Persson et al.
(1999) reported that the combination of both mEH polymorphisms resulting in
decreased enzyme activity was associated with a decreased risk of lung cancer. In

contrast, London et al. (2000) failed to ®nd an association between lung cancer and
predicted activity in Caucasians, while a decreased risk associated with predicted
low activity was found among African-Americans. Lin et al. (2000) also found a
signi®cant risk excess for squamous cell carcinoma (but not other histological types
of lung cancer) with high mEH activity. Smith and Harrison (1997), Yoshikawa et
al. (2000) and Zhou et al (2001) suggested no association between lung cancer and
mEH polymorphisms.

In most of these studies, the sample size was relatively small and the power to
detect a moderate increase or decrease in risk was limited. Thus, a combined

analysis of all relevant studies should be useful to properly evaluate the putative
association between mEH polymorphism and lung cancer and to analyse the
interaction between mEH polymorphism and smoking in causing lung cancer.

We therefore performed both a meta-analysis of published studies and a pooled
analysis of the raw data from selected published and unpublished studies to obtain
summary measures of the e� ect of mEH polymorphisms in the aetiology of lung
cancer. In addition, we assessed the interaction between mEH polymorphism and
tobacco smoking in the subset of the data where this information was available.

Materials and methods
Data collection

We included data submitted to the database of the International Collaborative Study on Genetic
Susceptibility to Environmental Carcinogens (GSEC) containing original data of published and
unpublished studies (Taioli 1999), together with other studies published before July 2001 found by
searching in MEDLINE using a combination of key words such as `epoxide hydrolase’ and `lung
cancer’, without restriction on language; we also used the reference lists of other publications. We
conducted two complementary analysis of these data. First, we performed a meta-analysis of the results
of published studies, whether or not they were included in the GSEC database. Second, we performed a
pooled re-analysis of raw (i.e. individual-based) data submitted to the GSEC database, whether or not it
had been published.

From the GSEC data set we identi®ed six studies, of which three were published (Benhamou et al.
1998, Persson et al. 1999, London et al. 2000) and three unpublished at that time (Rannug, unpublished
data, Shields, unpublished data, To-Figueras et al. 2001). From the literature search we identi®ed eight
published papers (Smith and Harrison 1997, Benhamou et al. 1998, Pastorelli et al. 1998, Persson et al.
1999, Lin et al. 2000, London et al. 2000, Yoshikawa et al. 2000, Zhou et al. 2001). We excluded one
case control study because it did not show information on genotype but only on crude activity levels
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(Lin et al. 2000). We also excluded one case-only study from the meta-analysis (Pastorelli et al. 1998).
Two of the studies were strati®ed according to two ethnic groups, and we treated the data from each
ethnic group as a separate study (London et al. 2000, Shields, unpublished data). Therefore, the
number of individual studies retained in the analysis was seven for the meta-analysis and eight for the
pooled analysis (table 1).

Based on the assumption that the exon 3 Tyr and exon 4 His alleles confer `normal’ activity, while
the His allele at exon 3 confers `low’ activity and the Arg allele at exon 4 confers `high’ activity, we
classi®ed predicted mEH activity as low, intermediate or high based on the presence or absence of the
two polymorphisms (table 2).

Statistical analyses
Odds ratios (ORs) and 95% con®dence intervals (CIs) of lung cancer for mEH polymorphism and

predicted mEH activity were estimated for each study. The reference groups were individuals with the
Tyr/Tyr genotype for exon 3 polymorphism, the His/His genotype for exon 4 polymorphism and low
predicted mEH activity. Meta-analyses techniques that weighted the logarithm of the OR for each study
by a function of its variance were used to calculate summary risk estimates. Meta-ORs based on random
e� ects models (DerSimonian and Laird 1986) were calculated for all available studies and for studies
including Caucasians. We also assessed potential publication bias by using Egger’s test (Egger et al.
1997).

Data from 986 lung cancer patients and 1633 controls included in the GSEC database were used to
conduct a pooled analysis based on individual records. In particular, we aimed to assess the interaction
between mEH polymorphisms and smoking. To this end, individuals were categorized as never
smokers, light smokers (1±34 pack-years of cumulative consumption) or heavy smokers (35 or more
pack-years). We performed the pooled analysis using unconditional logistic regression models that
included terms for age (in tertiles), sex and study centre. In the interaction analysis, never smokers with
either Tyr/Tyr polymorphism at exon 3, His/His polymorphism at exon 4 or low predicted activity were
used as the reference category. The analysis was performed for the entire data, and again after
strati®cation according to the type of control population (healthy or hospital) and histological type of
lung cancer. One study (To-Figueras et al. 2001) included both healthy and hospital controls and was
excluded from this analysis. All statistical analyses were performed using STATA software (version
6.0).

Results
Table 3 shows the study-speci®c ORs for the risk of lung cancer associated with

mEH at exon 3 and exon 4. These results do not support a consistent pattern for
either polymorphism or lung cancer risk. Out of the 44 ORs reported in table 3,
only three (Benhamou et al. 1998, Persson et al. 1999, To-Figueras et al. 2001)
showed any statistically signi®cant increase or decrease from the reference group,
and in all three this was for the e� ect of heterozygote status, arguing against a
causal relationship.

Among the control group, the average distribution of each genotype was 48.9%
for Tyr/Tyr, 37.7% for Tyr/His and 13.4% for His/His at exon 3, and 65.3% for
His/His, 30.7% for His/Arg and 4.0% for Arg/Arg at exon 4. Asians showed higher
proportions of the His/His type at exon 3.

The results of the meta-analysis (table 4) did not indicate an association
between lung cancer and polymorphism at exon 3 for either the Tyr/His genotype
(OR ˆ 0.93, 95% CI ˆ 0.72±1.21) or the His/His genotype (OR ˆ 0.98, 95%
CI ˆ 0.72±1.35). The results for exon 4 also did not indicate an association for
either the His/Arg genotype (OR ˆ 1.15, 95% CI ˆ 0.99±1.32) or the Arg/Arg
genotype (OR ˆ 1.00, 95% CI ˆ 0.71±1.41). Similarly, predicted mEH activity
level was not associated with an increased risk of lung cancer (table 4). The OR
in the intermediate activity group was 1.21 (95% CI ˆ 0.93±1.58) and that in the
high activity group was 1.54 (95% CI ˆ 0.77±3.07). Similar results were also
observed when the analysis was restricted to Caucasians. In none of the meta-
analysis we conducted was there evidence of publication bias. Heterogeneity was
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high for predicted high activity (P ˆ 0.01) and exon 3 Tyr/His genotype (P ˆ 0.03)

and increased when the analysis was restricted to Caucasians.
The pooled analysis was based on 986 cases and 1633 controls, of whom 422

cases and 635 controls were from unpublished studies. Results classi®ed according
to exon 3 and exon 4 polymorphisms and predicted activity are reported in table 5.
The OR for the His/His genotype at exon 3 was signi®cantly decreased

(OR ˆ 0.70, 95% CI ˆ 0.51±0.96), while no e� ect of exon 4 polymorphism or
predicted activity was apparent. When the analysis was restricted to Caucasians,

there was no association between lung cancer and the polymorphism at exon 3,
exon 4 or predicted mEH activity. When we strati®ed the analysis according to the

type of controls (hospital patients or healthy individuals), the results of studies
with healthy controls were similar to those found in the analysis of the total
dataset, while the pooled analysis of studies with hospital-based controls resulted

in decreased ORs associated with exon 3 polymorphism and increased ORs
associated with exon 4 polymorphism and predicted activity.

We examined each of the three major histological types of lung cancer by using
GSEC data to assess the e� ect of mEH polymorphisms on the risk of developing

particular types. The analyses included 268 adenocarcinoma cases, 336 squamous
cell carcinoma cases and 146 small cell carcinoma cases (table 6). The decreased
OR for the His/His genotype at exon 3 was present for adenocarcinoma and

squamous cell carcinoma, although it was statistically signi®cant only in the former
group. A non-signi®cant increased OR for predicted high mEH activity was

apparent for adenocarcinoma, but not for the other histological types of lung
cancer.

Analysis of the interaction between mEH polymorphisms and tobacco smoking
(table 7) did not suggest a clear modi®cation of the carcinogenic e� ect of smoking
according to either mEH polymorphism or predicted enzymatic activity. There

was, however, a suggestion of a decrease in the OR for exon 3 polymorphism
among heavy smokers and for predicted high mEH activity among non-smokers,

although the small number of cases hampered the interpretation of these results.

Discussion
The results of our meta-analysis indicate no signi®cant association between

lung cancer risk and either mEH exon 3 or exon 4 polymorphism. On the other
hand, the results of the analysis of the individual data provided to the GSEC

database suggest a protective e� ect from the exon 3 His/His genotype compared
with the Tyr/Tyr genotype. This ®nding, which could be explained by a

predominant activating role of mEH in metabolism of lung carcinogens, is at

234 W. J. Lee et al.

Table 2. Predicted activity of mEH.

Exon 3

Exon 4 Tyr/Tyr Tyr/His His/His

His/His Intermediate Low Low
His/Arg High Intermediate Low
Arg/Arg High High Intermediate
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odds with the lack of a clear e� ect of predicted enzymatic activity (and in fact an

opposite e� ect of predicted activity among non-smokers).

The di� erence between the results of the meta-analysis and the pooled analysis
can be explained (i) by the di� erent populations included in the two approaches;

(ii) by the di� erent methods used to adjust for study centre; or (iii) by a

confounding e� ect exerted by the variables adjusted for in the pooled analysis
(age, sex, smoking). We have tested these three hypotheses by repeating the

analysis after restriction to the studies included in both approaches (Benhamou

et al. 1998, Persson et al. 1999, London et al. 2000). The meta-analysis of exon 3
His/His genotype resulted in a OR of 0.88 (95% CI ˆ 0.55±1.37). The OR of the

pooled analysis adjusted only for study centre was 0.84 (95% CI ˆ 0.63±1.12), and

that of the fully adjusted pooled analysis was 0.70 (95% CI ˆ 0.51±0.96). We
therefore concluded that the pooled analysis approach is more appropriate than

meta-analysis to control for bias and confounding.
Our analysis suggests some heterogeneity in the results of individual studies.

One possible reason for the heterogeneity is linkage disequilibrium, with addi-

tional allelic variants that modulate overall enzyme activity. It is also possible that
interaction with polymorphisms at other genes may be important. For example,

Lin et al. (2000) found that a combination of susceptible CYP1A1 and mEH

genotypes was highly associated with lung cancer (OR ˆ 6.76, 95% CI ˆ 2.29±
19.10) compared with mEH polymorphism alone (OR ˆ 1.96, 95% CI ˆ 1.04±3.70)

in squamous cell lung cancer. Furthermore, genotype information alone might be

insu� cient to explain the variation in mEH enzyme activity seen in population
studies (Hassett et al. 1997). For example, dietary factors such as ®sh oil may

induce mEH and thus increase enzyme activity (Yang et al. 1993), and such

phenotypic determinants may vary across populations. Di� erences in age, propor-
tion of smokers and sources of control group may also contribute to the hetero-

geneity. In the pooled analysis, the heterogeneity was generally stronger than in

the meta-analysis, and it was increased when the studies were restricted to

238 W. J. Lee et al.

Table 6. Results of pooled analysis strati®ed by histological type of lung cancer (data submitted to
GSEC database).

Squamous cell Small cell
Adenocarcinoma carcinoma carcinoma

(268 cases) (336 cases) (146 cases)

OR 95% CI OR 95% CI OR 95% CI

Exon 3 polymorphismsa

Tyr/His 0.86 0.63±1.15 0.97 0.73±1.27 1.19 0.81±1.76
His/His 0.45 0.26±0.79 0.77 0.49±1.19 1.13 0.67±1.90

Exon 4 polymorphismsb

His/Arg 1.05 0.78±1.42 0.97 0.74±1.28 1.24 0.85±1.80
Arg/Arg 0.87 0.44±1.72 1.17 0.62±2.21 1.46 0.62±3.41

Predicted activityc

Intermediate 1.34 0.97±1.85 1.00 0.75±1.34 1.35 0.92±1.99
High 1.39 0.95±2.05 1.12 0.79±1.59 0.93 0.54±1.58

All ORs are adjusted for age (in tertiles), sex, smoking and study centre.
a Tyr/Tyr genotype used as reference.
b His/His genotype used as reference.
c Low activity used as reference.
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Caucasians. Therefore the random e� ects model was more appropriate than a ®xed

e� ect model for calculating the ORs in this study.
In our pooled analysis, the decreased risk from exon 3 polymorphism was more

apparent for adenocarcinoma, and in particular among smokers with adenocarci-

noma (results not shown in detail). Although we could not exclude chance because
of the small number of adenocarcinoma cases with the exon 3 His/His genotype,

this ®nding suggests mEH polymorphism have stronger e� ect on carcinogenic
pathways in adenocarcinoma than in other types of lung cancer. There were no

signi®cant risks for healthy controls, while hospital controls showed signi®cantly
increased risk in the high activity group. These results suggest caution in the
interpretation of our ®ndings, since hospital-based case-control studies are more

prone to bias than population-based studies (Wacholder et al. 1992). Explanations
for this di� erence could be that the disease for which controls have been

hospitalized is related to mEH polymorphism, or alternatively that mEH activity
is modi®ed by the disease for which the controls have been hospitalized.

When performing a meta-analysis, publication bias can be an issue. This bias

can be reduced in a pooled analysis by adding unpublished studies. The test we
used to assess the presence of publication bias, however, is not powerful when the

meta-analysis is based on relatively few studies. However, there was no evidence of
lack of studies with either positive or negative results in both the meta- and pooled

analysis.
We also did not ®nd any suggestion of a consistent modi®cation of the

carcinogenic e� ect of smoking according to mEH polymorphism. These null

®ndings persisted after adjusting for age, sex and study centre, and also after
stratifying by ethnicity. However, the possible decreased risk associated with high

mEH activity among never smokers and with the exon 3 polymorphism among
heavy smokers suggests that further assessment of the interaction between mEH

and smoking should be performed.
In conclusion, this study suggested a decreased risk for lung cancer with the

exon 3 His/His genotype. The apparent protective e� ect of exon 3 polymorphism
was stronger for adenocarcinoma of the lung and among heavy smokers. This
result, however, was only present in the pooled analysis of individual data. Our

study suggests caution in the interpretation of meta-analysis based on a combina-
tion of published results.
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