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Abstract
Objectives: The purpose of this study was to determine if polymorphisms in microsomal epoxide hydrolase, an enzyme 
involved in the metabolism of reactive intermediates of vinyl chloride (VC), contribute to the variable susceptibility to the 
mutagenic effects of vinyl chloride among exposed workers. Materials and Methods: Polymorphisms at codons 113 and 
139 were determined in DNA samples from 211 French vinyl chloride workers. Genotypes were stratified into low, medium 
and high activity groups and odds ratios and 95% confidence intervals were determined for the presence of one or both 
of two VC-induced mutant biomarkers (mutant ras-p21 and mutant p53) by logistic regression adjusting for age, smoking, 
drinking and cumulative VC exposure. Results: Compared to the low-activity microsomal epoxide hydrolase genotype 
stratum, the odds ratio for the presence of the VC-induced mutant biomarkers increased to 1.16 (95% CI: 0.64–2.10) in 
the medium-activity genotype stratum and to 1.35 (95% CI: 0.66–2.77) in the high-activity genotype stratum. The test for 
trend was not statistically significant and was in the opposite direction from that expected based on increasing removal of 
reactive intermediates with increasing activity. Conclusions: The results suggest that polymorphisms in microsomal epoxide 
hydrolase do not play a significant role in susceptibility to the mutagenic effects of vinyl chloride.

Key words:
Vinyl chloride, Mutations, Response biomarkers, Susceptibility biomarkers

This work was supported in part by grants from the National Cancer Institute (T32-CA09529; R25-CA94061), the National Institute of Environmental Health Sciences 
(P30-ES09089), and the National Institute of Occupational Safety and Health (R01-OH04192).
Received: March 2, 2005. Accepted: May 4, 2005.
Address reprint requests to P.W. Brandt-Rauf, MD, ScD, Dr PH, Department of Environmental Health Sciences, Mailman School of Public Health, Columbia Univer-
sity, 60 Haven Avenue, New York, NY 10032, USA (e-mail: pwb1@columbia.edu).

INTRODUCTION

Vinyl chloride (VC) is a known animal and human car-
cinogen associated with a rare sentinel neoplasm, angio-
sarcoma of the liver [1]. The metabolism of VC involves 
the production of reactive intermediates capable of dam-
aging DNA, including the production of specific muta-
tions in cancer-related genes such as ras and p53, which 

are believed to be critical steps in the VC carcinogenic 

pathway [2]. For example, the initial step in the metabo-

lism of VC in the liver involves the action of CYP2E1 to 

produce the reactive intermediates chloroethylene oxide 

(CEO) and chloroacetaldehyde (CAA), which are capable 

of binding to DNA generating oxoethyl- and etheno-ad-

ducts, with the etheno-adducts being capable of producing 
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the specific mutations noted in cancer-related genes [1,2]. 
Metabolism of these reactive intermediates is thought to 
involve several pathways that rely on aldehyde dehydro-
genase 2 (ALDH2), glutathione-S-transferases (GSTs), 
microsomal epoxide hydrolase (mEH) and other en-
zymes, presumably to generate less reactive metabolites 
for excretion [1]. All of these enzymes (CYP2E1, ALDH2, 
GSTs and mEH) are known to have polymorphic variants 
with altered activities that could produce variable VC me-
tabolism [3]. Such variable metabolism could account for 
differing susceptibilities to the carcinogenic effects of VC 
in exposed individuals.
In a study of French VC workers, we have previously iden-
tified a dose-dependent increase in circulating biomark-
ers for ras and p53 mutations presumably indicative of 
VC-induced genetic alterations [4,5]. However, among 
these workers, individuals with estimated similar expo-
sures could have different patterns of expression of these 
mutant biomarkers. We have therefore begun to examine 
these workers for polymorphisms in VC metabolism or re-
pair genes to explain this variability in mutagenic response 
to similar VC exposures. For example, in this cohort we 
found no individuals with the ALDH2 polymorphism, and 
polymorphisms in GSTM1, GSTT1 and GSTP1 did not 
contribute significantly to biomarker variability [6,7]. We 
did find that individuals with the high activity CYP2E1 c2 
allele had a statistically significantly increased risk for the 
presence of the mutant biomarkers, even after adjusting 
for confounders such as age, smoking, alcohol drinking 
and cumulative VC exposure, compared to homozygous 
wild-type individuals [6]. However, this polymorphism oc-
curred in only 7.6% of the cohort so it could only account 
for a small proportion of the biomarker variability [6]. 
Therefore, in this study, we have examined these workers 
for the more common polymorphisms in mEH to deter-
mine if they contribute to variability in response to VC 
exposure.

MATERIALS AND METHODS

Subjects for study were selected from a previously de-
scribed population of VC-exposed workers in France [4]. 

A cohort of 225 of these workers had been previously ana-
lyzed for circulating mutant ras-p21 and mutant p53 bio-
markers in their serum [4,5]. A group of 211 of these work-
ers with available lymphocytes for DNA extraction were 
selected for the study. The study protocol was reviewed 
and approved by the Columbia University Institutional 
Review Board for conformance with human subjects pro-
tections. All of the workers in the study were white males 
with the following characteristics: average age = 56 years 
(range = 35–74); average cumulative exposure = 5871 
ppm-years (range = 6–46,702); 39.3% current or former 
smokers; 19.9% current alcohol drinkers; 62% positive for 
at least one mutant biomarker (44.5% positive for mutant 
p53, 36.5% positive for mutant ras-p21, 19% positive for 
both).
From blood samples from each of the workers, lympho-
cytes were cultured and DNA extracted by routine tech-
niques. Each DNA sample was analyzed for the presence 
of two different mEH polymorphisms by polymerase chain 
reaction-restriction fragment length polymorphism (PCR-
RFLP) techniques, as previously described [8], to detect 
the T to C transition in exon 3 (Tyr113His) and the A 
to G transition in exon 4 (His139Arg). Briefly, for PCR, 
20 ng of DNA was amplified in a total volume of 10 µL 
of buffer (50 mM KCl, 10 mM Tris-HCl, pH 8.3), 0.2 mM 
dNTPs, 1.5 mM MgCl2, 0.4 mM of the forward and re-
verse primers (5’-GATCGATAAGTTCCGTTTCACC-3’ 
and 5’-AATCTTAGTCTTGAAGTGAGGAT-3’ for exon 
3 and 5’-ACATCCACTTCATCCACGT-3’ and 5’-AT-
GCCTCTGAGAAGCCAT-3’ for exon 4 and 0.3 U Taq 
polymerase. The mixture underwent initial denaturation 
at 94°C for 5 min followed by 38 cycles (for exon 3) or 34 
cycles (for exon 4) at 94°C for 20 sec, annealing at 55°C 
for 30 sec and elongation at 72°C for 50 sec. The result-
ing PCR products were subjected to restriction cleavage 
(EcoRV for exon 3 and RsaI for exon 4) with the frag-
ments separated by 2.6% agarose gel electrophoresis (for 
exon 3) and 2.2% agarose gel electrophoresis (for exon 
4), stained with ethidium bromide and visualized under 
UV light. By this approach, individuals were classified for 
the exon 3 codon 113 polymorphisms as homozygous wild-
type (Tyr/Tyr; bands of 140 bp and 20 bp), heterozygous 

O R I G I N A L  P A P E R S     Y.LI, ET AL.  



IJOMEH 2005;18(2) 135

(Tyr/His; bands of 162 bp, 140 bp and 20 bp) or homozy-
gous variant (His/His; band of 162 bp) and for the exon 
4 codon 139 polymorphism as homozygous wild-type 
(His/His; band of 210 bp), heterozygous (His/Arg; bands 
of 210 bp, 164 bp and 46 bp) or homozygous variant 
(Arg/Arg; bands of 164 bp and 46 bp).
In vitro analyses of the resultant proteins with these poly-
morphisms have demonstrated a 40% decrease in activity 
in the Tyr113His variant and a 25% increase in activity in 
the His139Arg variant [9]. Based on these enzyme activity 
profiles, individuals with combinations of alleles in their 
exon 3 and exon 4 genotypes have been classified accord-
ing to their expected mEH activity as follows [10]:
� low activity: His/His-His/His; His/His-His/Arg; 
Tyr/His-His/His; and His/His-Arg/Arg;
� medium activity: Tyr/Tyr-His/His; Tyr/His-His/Arg; 
and Tyr/His-Arg/Arg;
� high activity: Tyr/Tyr-Arg/Arg; Tyr/Tyr-His/Arg.

Based on this classification scheme, the workers were 
stratified by low, medium or high mEH activity and the 
odds ratio and 95% CI were calculated (adjusted for age, 
smoking, alcohol drinking and cumulative VC exposure) 
for the presence of one or both of the mutant biomark-
ers.

RESULTS

Among the 211 workers, 123 (58%) were homozygous wild-
type (Tyr/Tyr), 63 (30%) were heterozygous (Tyr/His), 
and 25 (12%) were homozygous variant (His/His) at co-
don 113; 136 (64%) were homozygous wild-type (His/His), 
69 (33%) were heterozygous (His/Arg), and 6 (3%) were 
homozygous variant (Arg/Arg) at codon 139. For codon 
139, these results were consistent with a Hardy-Weinberg 
equilibrium and with those found in comparable popula-
tions [11–13]. For codon 113, the results were consistent 
with those found in comparable populations but were not 
in a Hardy-Weinberg equilibrium, which has been noted 
in other studies [11–13]. Consistency of this finding across 
studies suggest that this is not due to methodological 
problems but rather may represent unexplained genetic 
instability. There were no significant differences in terms 

of the distribution of exposure levels among these workers 
by genotype.
In terms of combined genotypes, 19 (9%) were His/His-
His/His, 6 (3%) were His/His-His/Arg, 39 (18%) were 
Tyr/His-His/His, and 0 (0%) were His/His-Arg/Arg, for 
a total of 54 individuals with a presumed low activity phe-
notype; 78 (37%) were Tyr/Tyr-His/His, 22 (10%) were 

Table 1. Association between the mEH codon 113 polymorphism and 
mutant ras-p21 and mutant p53 in VC workers

mEH 113
p21 and p53 biomarkers Odds Ratio*

(95% CI)Both – Either + Both +

Tyr/Tyr
(n = 123)

45
(37%)

51
(41%)

27
(22%)

1.0

Tyr/His
(n = 63)

23
(37%)

31
(49%)

 9
(14%)

0.87
(0.48–1.56)

His/His
(n = 25)

12
(48%)

 9
(36%)

4
(16%)

0.60
(0.26–1.36)

* Adjusted for age, smoking, alcohol drinking and cumulative VC exposure; test for trend, 
p = 0.23.

Table 2. Association between the mEH codon 139 polymorphism and 
mutant ras-p21 and mutant p53 in VC workers

mEH 139
p21 and p53 biomarkers Odds Ratio*

(95% CI)Both – Either + Both +

His/His
(n = 136)

51
(38%)

59
(43%)

26
(19%)

1.0

His/Arg
(n = 69)

27
(39%)

29
(42%)

13
(19%)

0.98
(0.57–1.70)

Arg/Arg
(n = 6)

 2
(48%)

 3
(50%)

 1
(17%)

1.15
(0.25–5.32)

* Adjusted for age, smoking, alcohol drinking and cumulative VC exposure; test for trend, 
p = 0.97.

Table 3. Association between mEH activity based on polymorphisms 
at codons 113 and 139 and mutant ras-p21 and mutant p53 in VC 
workers

mEH activity
p21 and p53 biomarkers Odds Ratio*

(95% CI)Both – Either + Both +

Low
(n = 54)

26
(42%)

27
(42%)

11
(17%)

1.0

Medium
(n = 102)

38
(372%)

45
(44%)

19
(19%)

1.16
(0.64–2.10)

High
(n = 45)

16
(36%)

19
(42%)

10
(22%)

1.35
(0.66–2.77)

* Adjusted for age, smoking, alcohol drinking and cumulative VC exposure; test for trend, 
p = 0.41.

POLYMORPHISMS IN VINYL CHLORIDE WORKERS    O R I G I N A L  P A P E R S



IJOMEH 2005;18(2)136

Tyr/His-His/Arg, and 2 (1%) were Tyr/His-Arg/Arg, for 
a total of 102 individuals with a presumed medium activ-
ity phenotype; and 4 (2%) were Tyr/Tyr-Arg/Arg and 41 
(19%) were Tyr/Tyr-His/Arg, for a total of 45 individuals 
with a presumed high activity phenotype.
As presented in Tables 1 and 2, the results of the associa-
tion between the individual polymorphisms at codon 113 
and 139 and the mutant biomarkers show no consistent or 
significant pattern. The results of the association between 
combined mEH activity strata and mutant biomarkers are 
presented in Table 3. In the low activity stratum, 26 (41%) 
workers were negative for both biomarkers, 27 (42%) 
workers were positive for one of the biomarkers, and 11 
(17%) workers were positive for both biomarkers. In the 
medium activity stratum, 38 (37%) workers were negative 
for both biomarkers, 45 (44%) workers were positive for 
one biomarker, and 19 (19%) workers were positive for 
both biomarkers. In the high activity stratum, 16 (36%) 
workers were negative for both biomarkers, 19 (42%) 
workers were positive for one biomarker, and 10 (22%) 
workers were positive for both biomarkers. Assigning an 
odds ratio of 1 to the low activity stratum yields an adjust-
ed odds ratio of 1.16 (95% CI: 0.64–2.10) for biomarker 
positivity in the medium activity stratum and an adjusted 
odds ratio of 1.35 (95% CI: 0.66–2.77) for biomarker posi-
tivity in the high activity stratum, although this trend was 
not statistically significant (p = 0.41). These results were 
essentially unchanged when other proposed classification 
schemes for genotype based on presumed mEH activity 
[14] were employed.

DISCUSSION AND CONCLUSIONS

These results suggest that there is no statistically signifi-
cant effect of mEH genotype on biomarkers of VC-in-
duced mutagenic damage, and thus mEH may not be 
involved as a major detoxification enzyme in VC metabo-
lism in humans. We had hypothesized that mEH would be 
important for the detoxification of VC reactive intermedi-
ates based on prior in vitro and animal studies that sup-
ported this assumption [15,16]. Conversely, other studies 
have demonstrated that, although mEH may be involved 

to some degree in CEO metabolism, blockage of mEH ac-
tivity with a specific inhibitor did not enhance the level of 
VC-induced adenine adducts [17]. Since etheno-adenine 
adducts are responsible for the VC-induced mutations in 
p53, this latter finding would be consistent with our ob-
servation of no significant effect of varying mEH activity, 
as determined by the exon 3 and 4 polymorphisms, on the 
occurrence of biomarkers of VC-induced mutagenic dam-
age, including the biomarker for p53 mutations.
In addition, the prior studies on the role of mEH in de-
toxification of VC reactive intermediates [15,16] led us 
to hypothesize that increased mEH activity would lead to 
increased detoxification and decreased reactive interme-
diates, so we expected to observe a decreasing trend in the 
occurrence of the biomarkers from the low to the medium 
to the high activity strata. Surprisingly, if there is any trend, 
it appears to be in the opposite direction, i.e. an increase 
in biomarker positivity with increasing mEH activity. This 
does not seem to be due to the particular genotype-activ-
ity classification scheme employed, since, as noted, the use 
of other schemes did not affect the results. The effect of 
mEH genotype on metabolism has not been investigated 
in other VC-exposed cohorts. However, there are other 
studies of the effect of mEH genotype on the metabolism 
of other carcinogens and on cancer risk. For example, one 
study found a significant increase in DNA damage in hu-
man lymphocytes exposed to styrene in individuals with a 
medium activity mEH phenotype compared to a high ac-
tivity mEH phenotype; however, the DNA damage in the 
medium activity phenotype group was also significantly 
higher than in the low activity phenotype group, indicating 
no consistent trend [18]. mEH has also been implicated 
in the metabolism of the reactive intermediates of poly-
cyclic aromatic hydrocarbon (PAH) carcinogens, such 
as benzo(a)pyrene diolepoxide (BPDE); but it has been 
noted that in this case mEH can have dual functions, act-
ing to inactivate BPDE or contributing to the activation of 
BPDE to its highly reactive ultimate metabolite, making 
it difficult to interpret the effect of mEH activity on levels 
of BPDE-DNA adducts in the leukocytes of smokers [14]. 
However, high activity mEH genotypes have been associ-
ated with increased risk of developing PAH-related malig-
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nancies in some studies [19,20]. On the other hand, a study 
found that individuals with a high level of smoking and 
charred meat intake (i.e. high PAH exposure) with low 
activity mEH genotypes were at elevated risk of colorectal 
adenomas [21]. Other studies have found no significant ef-
fect of mEH polymorphisms on colorectal adenoma risk 
[13]. Therefore, there seems to be little consistency among 
studies concerning the potential effects of mEH polymor-
phisms and activity on carcinogen metabolism and cancer 
risk, and the outcomes may vary, depending on the partic-
ular carcinogen or type of cancer being examined. Finally, 
it has been suggested that the exon 3 and 4 polymorphisms 
in mEH may account for only a modest amount of overall 
enzyme activity in comparison to inter-individual differ-
ences in mEH expression ranging from 2- to 10-fold [13], 
and there may exist polymorphic loci in the regulatory part 
of the mEH gene that could account for this variability 
in expression [22]; until such polymorphisms can be taken 
into account, it may be difficult to obtain coherent results 
based on the exon 3 and 4 polymorphisms alone.
On the basis of the results in this study, it appears that 
mEH polymorphisms at exon 3 and 4 alone do not play 
a significant role in the variation in mutagenic damage oc-
curring in response to VC exposure. Other factors, such 
as genetic variation in DNA repair capacity [23], may be 
much more significant in explaining the observed suscep-
tibility patterns.
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