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Abstract
Objectives—Oxidative DNA damage has
been implicated in carcinogenesis. The
DNA damage can be assessed from the
urinary excretion of the DNA-repair
product 8-hydroxydeoxyguanosine (8-
OH-dG). The factors were investigated
that influenced the excretion of urinary
8-OH-dG in 78 firefighters.
Methods—53 Out of 78 firefighters were
exposed to fire within 5 days of the study
and 25 were not. 8-OH-dG was measured
by ELISA and the distribution of the
genotypes of CYP1A1, CYP2E1, GSTM1,
and GSTT1 was measured by polymerase
chain reaction.
Results—The homozygous wild type fre-
quencies of CYP1A1 MspI, CYP1A1 ile-
val, CYP2E1, GSTM1, and GSTT1 were
31.5%, 56.2%, 60.3%, 50.7%, and 53.4%,
respectively. The geometric mean of uri-
nary 8-OH-dG was 14.1 ng/mg creatinine
in more active firefighters and 12.3 ng/mg
creatinine in non-exposed and less active
subjects. Significantly increased concen-
trations of urinary 8-OH-dG were found
to be associated with cigarette smoking,
and 14% of the variation of 8-OH-dG was
explained by cigarettes smoked per day.
The CYP1A1 MspI, CYP1A1 ile-val,
GSTM1, and GSTT1 genetic polymor-
phisms were not found to be significantly
associated with the urinary excretion of
8-OH-dG. However, the subjects carrying
the CYP2E1 mutant type excreted higher
concentrations of 8-OH-dG and there was
a marginally significant interaction of
GSTT1 with firefighting activity. Multiple
regression analysis confirmed that smok-
ing was the strongest predictor of excre-
tion of 8-OH-dG. Age, body mass index,
and firefighting activity were not signifi-
cant predictive factors for urinary 8-OH-
dG.
Conclusion—Smoking and CYP2E1 gene
polymorphism may be important factors in
carcinogenesis and the GSTT1 positive
genotype may be a genetic susceptibility
factor in firefighters who are exposed regu-
larly to various chemical carcinogens.
(Occup Environ Med 2000;57:370–375)
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Firefighters are often exposed to carcinogens.1

The commonly encountered ones in firefight-

ing include asbestos, arsenic, benzene, ben-
zo(a)pyrene and other polycyclic aromatic
hydrocarbons (PAHs), cadmium, chloroph-
enols, chromium, diesel fumes, dioxins, ethyl-
ene oxide, formaldehyde, o-toluidine, polychlo-
rinated biphenyls, and vinyl chloride.2 As a
result of the recent proliferation of synthetic
substances, firefighters are increasingly ex-
posed to new hazards and often exposed to
multiple hazards simultaneously.2 With res-
piratory protection oVering uncertain eYcacy
and limited acceptability in workplaces3 and
firefighters being exposed to intermittent
and variable amounts of carcinogens, the
importance of such exposure is still unresolved.
Thus, the purpose of this study was to investi-
gate the eVect of exposure to diVerent carcino-
genic agents among firefighters on the urinary
excretion of 8-hydroxydeoxyguanosine (8-OH-
dG) and to assess whether the polymorphism
of metabolic enzymes influence this urinary
biomarker.

Epidemiological studies strongly suggest
that firefighters are at an increased risk of
developing and dying from leukaemia,4 5 non-
Hodgkin’s lymphoma,5 6 multiple myeloma,7 8

and cancers of the brain and bladder.6 9

Genetic polymorphisms in the enzymes that
metabolise xenobiotics have been associated
with diVerences in risk of cancer. The PAHs
are abundant in fire and are thought to be
responsible for an increased risk of cancer in
firefighters. The phase I enzymes represented
by the cytochrome P-450 enzymes oxidise
PAHs into DNA binding diolepoxide meta-
bolites, which are detoxified by the phase
II enzymes, including the glutathione
S-transferase superfamily. It is, therefore,
possible that individual variations in metabolic
activities in each phase regulate the generation
of reactive oxygen species, and thus are
partially responsible for individual susceptibil-
ity to cancers related to PAHs.

One of the oxidative DNA products, 8-OH-
dG, is physiologically formed and enhanced by
chemical carcinogens.10 Damaged DNA is re-
paired in vivo by exonucleases, and the resulting
8-OH-dG is excreted without further metabo-
lism into urine. Thus, the urinary excretion of
the hydroxylated nucleoside will reflect the cur-
rent oxidative DNA damage and repair.11

We studied the distribution of the genotypes
of CYP1A1, CYP2E1, GSTM1, and GSTT1
in firefighters and assessed how the urinary
excretion of 8-OH-dG is modified by the
genetic polymorphisms. Because of the poten-
tial confounding eVects of smoking, our study
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shows eVects of smoking separately from
firefighting activities.

Subjects and methods
The subjects were 78 firefighters from a fire
department in Inchon, Korea. They were
volunteers from the 96 firefighters of the
department who were invited to participate.
Fifty three firefighters were exposed to fire
within 5 days of the study and 25 were not. The
firefighters, aged 21–58 years, were asked to
collect spot urine samples in the morning
before breakfast. The urine samples were
frozen and kept in the dark until analysis.
Physical examination and blood collection
were done at the same time. They were asked to
complete questionnaires, which included ques-
tions on current smoking habit and the
previous day’s diet. The diet questions were
focused on the consumption of grilled meat or
fish. Information on firefighting activity (hours
spent in firefighting) was obtained from the
activity log of the department. Four subjects
were excluded from the study because their
blood and urine samples proved to be inad-
equate. We also excluded female data from the
analysis because only one woman participated.
The characteristics of the study population are
presented in table 1.

URINARY 8-OH-DG

The amount of urinary 8-OH-dG was
measured with an ELISA kit (Japan Institute
for the Control of Aging). This was a competi-
tive in vitro ELISA for measurement of the
oxidative DNA adduct 8-OH-dG in urine.
Urine samples were thawed and centrifuged to
remove particulate matters. Fifty microlitres of
primary monoclonal antibody and 50 µl of
sample or standard were added to microtitre
plates, which were precoated with 8-OH-dG.
The plates were sealed tightly and incubated at
37°C for 1 hour, followed by a wash with 250 µl
phosphate buVered saline (PBS). One hundred
microlitres of secondary antibody conjugated
to horse radish peroxidase was then added to
each well, incubated, and washed. One hun-
dred microlitres of enzyme substrate was then
added to each well, and the reaction ended by
addition of 100 µl 1 N phosphoric acid.

Absorbance readings were taken 3 minutes
later with a spectrophotometer at 450 nm. The
amount of 8-OH-dG in each subject was
calculated by comparison with a standard
curve.

GENOTYPING

The genetic polymorphism was analysed with
polymerase chain reaction (PCR) amplification
in a Techne progene thermal cycler. All PCR
reactions were carried out in a total volume of
50 µl in the presence of 10 mM Tris-HCl, pH
8.3; 50 mM KCl; 0.2 mM of each dNTP; 2.0
mM MgCl2; 1.25 units Taq polymerase; 20
pmol of each primer; and 100 ng genomic
DNA as template.

The GSTM1 and GSTT1 gene deletions
were analysed simultaneously. Primers used to
detect the GSTM1 deletion were as follows:
5' - GAACTCCCTGAAAAGCTAAAGC - 3'
and 5'-GTTGGGCTCAAATATACGGTGG
-3'. Primers used to detect the GSTT1 deletion
were as follows: 5'-TTCCTTACT
GGTCCTCACATCTC-3' and 5'-TCACCG
GATCATGGCCAGCA-3'. A 268 bp (base
pair) fragment of the â-globin gene was coam-
plified as an internal positive control with the
following primers: 5'-CAACTTCATCCA
CGTTCACC-3' and 5'-GAAGAGCCAAGG
ACAGGTAC-3'. After an initial denaturation
at 94°C for 5 minutes, 35 cycles were run with
denaturation at 94°C for 1 minute, annealing at
65°C for 1 minute and extension at 72°C for 1
minute. The PCR products were electro-
phoresed on a 4% NuSieve 3:1 agarose gel.
Gels were stained in aqueous solutions of
ethidium bromide (0.5 µg/ml) and were photo-
graphed with a polaroid camera under UV
light. Amplified 215 bp and 480 bp products
indicated the presence of the GSTM1 and
GSTT1 genes, respectively.

Two separate point mutation polymor-
phisms of the CYP1A1 gene were analysed in
each subject with the PCR restriction enzyme
digest genotyping method.

The CYP1A1 genotypes ascribed to the
presence (m2) or absence (m1) of the MspI
site at the 264th base from the polyadenylate

Table 1 Descriptive data of 73 firefighters classified by their activity and their distribution
according to genetic subtypes

No active duty
(not exposed to fire
in 5 days)

Less active duty
(exposed to fire <8 h in
5 days)

More active duty
(exposed to fire >8 h
in 5 days)

Subjects (n) 24 36 13
Age (mean (SD)) 36.0 (8.2) 33.0 (5.7) 35.0 (7.6)
Cigarettes/day (mean (SD)) 20.0 (6.6) 19.3 (9.5) 25.0 (9.2)
CYP1A1M:

m1/m1 8 13 2
m1/m2,m2/m2 16 23 11

CYP1A1I:
I/I 14 21 6
I/V, V/V 10 15 7

CYP2E1:
c1/c1 16 22 6
c1/c2,c2/c2 8 14 7

GSTM1:
+ 13 19 5
− 11 17 8

GSTT1:
+ 13 17 9
− 11 19 4

Figure 1 Urinary concentrations of 8-OH-dG (ng/mg
creatinine) classified by firefighting activity.

20

15

10

5

0

Firefighting activity

8-
O

H
-d

G
 (

n
g

/m
g

 c
re

at
in

in
e)

No 
exposure

Low 
exposure

High 
exposure

Influence of genetic susceptibility on the urinary excretion of 8-OH-dG of firefighters 371

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.57.6.370 on 1 June 2000. D

ow
nloaded from

 

http://oem.bmj.com/


additional signal in the 3'-flanking region were
identified with PCR and restriction enzyme
digestion. Primers used in the MspI PCR
amplification were 5'-CAGTGAAGAGGT
GTAGCCGCT-3' and 5'-TAGGAGTCT
TGTCTCATGCCT-3'. After an initial dena-
turation at 94°C for 4 minutes, amplifications
were performed with 35 cycles of denaturation
at 94°C for 1 minute, annealing at 62°C for 1
minute, and extension at 72°C for 1 minute.
The enzyme MspI (2.5 units) was added to 10
µl of the PCR amplified reaction mixture, and
the resulting mixture was incubated for 3
hours at 37°C. Restriction fragments were
analysed by electrophoresis on a 1.8% agarose
gel. The genotype m1/m1 formed an un-
cleaved 340 bp band, whereas genotype
m2/m2 generated two bands, of 200 and 140
bp. The heterozygous genotype corresponded
to three bands, of 340, 200, and 140 bp long.

The presence of the CYP1A1 exon 7 muta-
tion, which codes for valine (val) rather than
isoleucine (ile), was determined with PCR and
restriction enzyme digestion. Primers used
to detect the ile-val polymorphism were
as follows: 5'-GAACTGCCACTTCAGCTG
TCT-3' and 5'-CCAGGAAGAGAAAGACC
TCCCAGCGGGCCA-3'. After an initial de-
naturation at 94°C for 5 minutes, 35 cycles
were run with denaturation at 94°C for 1

minute followed by annealing extension at
68°C for 1 minute. The enzyme NcoI (2.5
units) was added to 10 µl of the PCR amplified
reaction mixture, and the mixture was incu-
bated for 3 hours at 37°C. Restriction frag-
ments were analysed by electrophoresis on a
1.8% agarose gel. The genotype ile/ile gener-
ated two bands, of 163 and 32 bp, whereas
genotype val/val formed an uncleaved 195 bp
band. The heterozygous genotype corre-
sponded to three bands, of 195, 163, and 32 bp
long.

The identification of the CYP2E1 genotypes
ascribed to the presence (c2) or absence (c1) of
the PstI site in the transcription regulation
region was carried out with the PCR restriction
enzyme digest genotyping method. The follow-
ing primers were used in PCR reactions to
amplify a 410 bp fragment of the CYP2E1 gene
containing a PstI restriction site: 5'-
CCAGTCGAGTCTACATTGTCA-3' and 5'-
TTCATTCTGTCTTCTAACTGG-3'. After
an initial denaturation at 94°C for 4 minutes,
amplifications were performed with 35 cycles
of denaturation at 94°C for 1 minute, anneal-
ing at 58°C for 1 minute and extension at 72°C
for 1 minute. The enzyme PstI (5.0 units) was
added to 10 µl of the PCR amplified reaction
mixture, and the mixture was incubated for 3
hours at 37°C. Restriction fragments were ana-
lysed by electrophoresis on a 1.8% agarose gel.
The genotype c1/c1 formed an uncleaved 410
bp band, whereas genotype c2/c2 generated
two bands, of 290 and 120 bp. The hetero-
zygous genotype corresponded to three bands,
of 410, 290, and 120 bp long.

STATISTICAL ANALYSIS

Urinary concentrations of 8-OH-dG were log
transformed to meet normality assumptions.
Geometric mean values and geometric SEs
were described as measures of the data
distribution. Univariate statistical analyses
were based on the t test and analysis of variance
(ANOVA). Simple regression analysis was used
to investigate the relations between continuous
variables and the log transformed concentra-
tions of urinary 8-OH-dG. Multiple regression
analysis was performed to investigate the
relative eVects of covariates on the log trans-
formed urinary concentration of 8-OH-dG.
Continuous explanatory covariates were

Figure 2 Relation between urinary concentration of
8-OH-dG and number of cigarettes smoked per day
(regression line: log (urinary 8-OH-dG)=0.005×number of
cigarettes/day+1.023 (p=0.001), upper and lower lines
show 95% CIs).
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Table 2 Geometric mean (SE) concentrations of urinary 8-OH-dG (ng/mg creatinine) in
firefighters by genetic subtypes

Subjects
(n)

No active duty
(n=24)

Less active duty
(n=36)

More active duty
(n=13)

CYP1A1 MspI:
m1/m1 23 13.2 (1.1) 13.1 (1.2) 14.3 (1.3)
m1/m2,m2/m2 50 11.8 (1.1) 11.9 (1.1) 14.1 (1.1)

CYP1A1 ile-val:
ile/ile 41 12.5 (1.1) 13.1 (1.1) 16.0 (1.2)
ile/val, val/val 32 11.9 (1.1) 11.4 (1.1) 12.7 (1.1)

CYP2E1:
c1/c1 44 11.5 (1.1) 11.7 (1.1) 13.6 (1.1)
c1/c2,c2/c2 29 13.9 (1.1) 13.4 (1.2) 14.6 (1.1)

GSTM1:
+ 37 12.5 (1.1) 12.4 (1.1) 13.6 (1.1)
− 36 12.0 (1.1) 12.2 (1.2) 14.4 (1.1)

GSTT1:
+ 39 12.2 (1.1) 12.2 (1.1) 15.1 (1.1)
− 34 12.4 (1.1) 12.4 (1.1) 12.2 (1.1)

Table 3 Geometric mean (SE) concentrations of urinary
8-OH-dG (ng/mg creatinine) of non-smokers and smokers
by genetic subtypes

Subjects
(n)

Non-smokers
(n=21)

Smokers
(n=52)

CYP1A1 MspI:
m1/m1 23 11.4 (1.1) 13.9 (1.1)
m1/m2,m2/m2 50 9.9 (1.1) 13.6 (1.1)

CYP1A1 ile-val:
ile/ile 41 10.7 (1.1) 14.0 (1.1)
ile/val, val/val 32 10.1 (1.1) 13.2 (1.1)

CYP2E1:
c1/c1 44 9.9 (1.1) 13.0 (1.1)
c1/c2,c2/c2 29 11.2 (1.1) 14.7 (1.1)

GSTM1:
+ 37 11.0 (1.1) 13.6 (1.1)
− 36 9.2 (1.1) 13.8 (1.1)

GSTT1:
+ 39 10.9 (1.1) 13.6 (1.1)
− 34 9.6 (1.1) 13.8 (1.1)
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categorised and dummy variables were created
to represent the contrast between the reference
and the other values. The exponentiation of the
estimated regression coeYcients gave rise to
the median ratio. The median ratio was the
ratio of the expected median value of the
response variable for a given level of a given
explanatory covariate to the expected median
value in the reference level of that covariate.
The confounding eVect of other covariates was
adjusted in the regression model. The statisti-
cal analyses were performed with the SAS
(version 6.12) statistical package.

Results
Age distribution, smoking habits, and the
frequency distributions for CYP1A1,
CYP2E1, GSTM1, and GSTT1 genetic poly-
morphisms among the study subjects are
reported in table 1. The exposed subjects were
divided into two groups; the first group
comprised those who were exposed to fire <8
hours for the 5 days before the study (less
active duty), and the second group comprised
those who were exposed to fire >8 hours (more
active duty). The mean ages were 36.0 years in
the reference group and 33.0 and 35.0 years in
the two exposed groups, respectively. The
mean number of cigarettes smoked a day was
highest in the more active group (25.0 (9.2)
cigarettes a day). The homozygous wildtype
frequencies of CYP1A1 MspI, CYP1A1 ile-val,
CYP2E1, GSTM1, and GSTT1 were 31.5%,
56.2%, 60.3%, 50.7%, and 53.4%, respec-
tively. The homozygous and heterozygous
allelic variants were combined in the statistical
analysis. The geometric mean concentrations
of urinary 8-OH-dG were highest in more
active firefighters (14.1 ng/mg creatinine). The
mean concentrations were not diVerent be-
tween non-exposed and less active firefighters

(12.3 ng/mg creatinine). The concentrations of
urinary 8-OH-dG from non-exposed and
exposed subjects are shown in figure 1. The
ANOVA performed on log transformed data
showed that urinary 8-OH-dG in the more
active firefighters was not significantly higher
than in other subjects (p=0.51). Moreover,
confounding factors such as smoking and
CYP2E1 did not influence this significance.
Significantly increased concentrations of uri-
nary 8-OH-dG were attributed to cigarette
smoking (p=0.001), and this significance was
unchanged after the removal of the obvious
outlier (p=0.002, fig 2). The proportion of
variation of 8-OH-dG explained by cigarettes
smoked per day was 14%. The ANOVA
showed that diet and alcohol consumption
were not significantly related to the concentra-
tion of urinary 8-OH-dG.

The CYP2E1 genetic polymorphism was
found by ANOVA to be marginally significantly
associated with the urinary excretion of
8-OH-dG by firefighters (p=0.10). When the
subjects were stratified by firefighting activities
and smoking habits (table 2 and 3), these
eVects did not change among the subgroups.
However, there was no relation for the interac-
tion of CYP2E1 and firefighting or smoking
(p=0.61). Although firefighters carrying the
CYP1A1 MspI and CYP1A1 ile-val wildtype
exhibited higher concentrations of excreted
8-OH-dG, these genotypes were not signifi-
cantly related to the excretion of 8-OH-dG.
The GSTM1 and GSTT1 polymorphisms
showed no correlation with concentrations of
8-OH-dG. However, there was a marginally
significant interaction between GSTT1 poly-
morphism and firefighting activity by multi-
variate analysis (p=0.06).

Multiple regression analysis involving age,
body mass index, smoking, firefighting, and the
CYP2E1 genotype confirmed that smoking
was the strongest predictor of 8-OH-dG excre-
tion (table 4). Age, body mass index, and fire-
fighting activity were not significant predicting
factors for urinary 8-OH-dG in the multivari-
ate analysis. The estimated median ratios
suggested the possibility of a positive relation
between CYP2E1 mutant type and urinary
8-OH-dG. Also, the estimated median ratios of
firefighting activity were changed when the
analysis was performed separately to examine
the eVect of GSTT1 polymorphism (table 5).

Discussion
In the present study, urinary 8-OH-dG was
used to study the factors influencing oxidative
DNA damage in firefighters. This study
indicated that the excretion of 8-OH-dG is
increased by smoking and possibly modified by
the CYP2E1 and GSTT1 genotype. Although
an increase in the concentration of urinary
8-OH-dG was found in very active firefighters,
the increase estimated with a median ratio was
not significant.

Firefighters are routinely exposed to mixtures
of carcinogenic substances contained in fire
smoke and building debris. Fumes and gases
generated from a fire contain numerous toxic
substances, including known and suspected

Table 4 Multiple regression analysis of the relation
between urinary concentrations of 8-OH-dG and selected
covariates

Covariate
Median
ratio 95% CI p Value

Age (y):
<30 1.000
30–40 0.958 0.795 to 1.155 0.657
>40 0.905 0.696 to 1.177 0.456

Body mass index (kg/m2):
<20 1.000
20–25 1.031 0.802 to 1.324 0.814
>25 0.961 0.716 to 1.291 0.794

Smoking (cigarettes/day):
Non-smoker 1.000
<20 1.269 1.044 to 1.543 0.017
>20 1.484 1.135 to 1.940 0.004

Firefighting:
Unexposed 1.000
Less active duty 0.969 0.807 to 1.164 0.740
More active duty 1.067 0.833 to 1.367 0.609

CYP2E1:
c1/c1 1.000
c1/c2, c2/c2 1.130 0.950 to 1.344 0.167

Table 5 Changes in the estimated median ratios (95% CIs) of firefighting activity for
urinary 8-OH-dG concentrations according to GSTT1 polymorphism

Firefighting activity GSTT1 positive GSTT1 null

Unexposed 1.000 1.000
Less active duty 1.008 (0.933 to 1.089) 0.976 (0.848 to 1.123)
More active duty 1.054 (0.961 to 1.158) 0.916 (0.732 to 1.146)

Influence of genetic susceptibility on the urinary excretion of 8-OH-dG of firefighters 373
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carcinogens. However, whether a fire contains
hazardous chemicals or how heavily individual
firefighters are exposed to these chemicals is
not certain. Fires vary greatly in the nature of
materials burned, and the characteristics of
exposures change at the scene of a fire,
dependent on even short distances from it and
its stage. Furthermore, the actual exposures
received by firefighters depend on their job
tasks at the fire and the use of respiratory
protection.12 Although studies of firefighters
have emphasised the importance of exposures,
a definite classification of exposures to carcino-
genic chemicals is nearly impossible. Time is a
crucial factor in assessing exposure and possi-
ble health eVects.13 We defined the exposure
variable as the firefighting hours, within 5 days
of the study, regardless of actual job at the
scene of the fires. Five days were chosen for a
cut oV time because 8-OH-dG is well known as
a biomarker for short term oxidative DNA
damage. Thus, this study may contain misclas-
sification and the non-significant eVects of fire-
fighting activities could be at least partially due
to these misclassifications. By contrast with the
negative results found in firefighting activities
as a whole, the analyses on subgroups sug-
gested the possibility of a positive relation
between high exposure to firefighting and
genotoxicity.

Genetic polymorphisms in enzymes involved
in carcinogen metabolism have been found to
influence the susceptibility to cancer. The
enzyme CYP1A1 has aryl hydrocarbon hy-
droxylase activity, and its higher activity is
shown to be associated with an increased risk of
lung cancer.14 Two point mutations of the
CYP1A1 gene were reported: one in the 3'
non-coding region (MspI polymorphism) and
the other in the exon 7 (ile-val poly-
morphism).15 16 Variant allele homozygotes of
each polymorphism have been shown to be
correlated with an increased risk of lung
cancers related to smoking.15 17 18 The CYP2E1
gene may be important in human carcinogen-
esis if it governs the metabolic activation of
N-nitrosamines and other low molecular
weight carcinogens.19 It has been suggested that
CYP2E1, which is highly inducible in lung tis-
sue, actively participates in pulmonary carcino-
genesis induced by cigarette smoking.20 PstI
polymorphisms in the 5'-flanking region of the
human CYP2E1 gene has been shown to cause
marked diVerences in its transcriptional activ-
ity, and the activity was greater with the c2/c2
genotype than with the c1/c1 genotype.21 A
study reported that homozygosity in the c1/c1
genotype significantly increases the risk of
developing hepatocellular carcinoma in ciga-
rette smokers.22 However, the c1/c2 and c2/c2
genotypes were associated with a significantly
increased risk of oral cancer.23 In this study, the
CYP2E1 mutant type (c1/c2, c2/c2) showed
higher concentrations of urinary 8-OH-dG. We
assume that the greater enzymatic activities of
CYP2E1 are related to the formation of
8-OH-dG and repair of the oxidative DNA
damage. The implication of this study in
carcinogenesis is not clear and needs to be
explored further.

The phenotypic absence of GSTM1 activity
is due to homozygosity for an inherited
deletion of these genes. This GSTM1 null
genotype has been shown to be related to the
susceptibility for cancer.24–27 Although not
much is known about the association between
GSTT1 and risk of cancer, the GSTT1 null
genotype was reported to be associated with an
increased risk of some cancers.28 29 In our study,
the GSTM1 and GSTT1 polymorphisms were
not found to be significant factors that
influenced urinary 8-OH-dG. However,
GSTT1 polymorphism modified the influence
of firefighting activity on the excretion of
8-OH-dG.

Reactive oxygen species such as superoxide,
hydroxyl radical, hydrogen peroxide, and lipid
peroxide are generated in the human body
under normal conditions. One of the oxidative
DNA products, 8-OH-dG, is enhanced by x
ray irradiation and chemical carcinogens,30 31

but most of it is removed by the DNA repairing
enzyme system or excreted in the urine.32 33

Therefore, the amount of urinary 8-OH-dG
can be an useful biomarker of exposure to car-
cinogens. Cigarette smoke contains numerous
carcinogens. It has been shown to generate
reactive oxygen species and to induce oxidative
damage in isolated DNAs as well as to produce
8-OH-dG in cell cultures.34 35 It has been
reported that smokers have a 50% higher con-
centration of urinary 8-OH-dG than
non-smokers,11 which correlates with our
study, which showed that smokers who smoke
>20 cigarettes a day showed a 48% increase in
the excretion of 8-OH-dG.

Diet was not significantly related to the con-
centration of urinary 8-OH-dG. One reason for
this negative result might be that the Korean
diet does not include very much grilled meat.
Also, age was not a significant predictor of
8-OH-dG excretion in the present firefighters,
whose age ranged from 21 to 58. However, the
excretion decreased with increasing age in the
regression model. A possible explanatory factor
of reduced excretion in the older group is the
likelihood that newer workers, being younger
and less senior, would be more likely to have
exposure to smoke and fumes and to engage in
strenuous activity. More senior firefighters are
likely to be administrators, and thus have less
active involvement.4

Although the study of the eVects on health
according to the chemical nature of fires is of
great interest, our data did not completely
clarify all aspects of this problem. However,
this study showed that smoking and CYP2E1
gene polymorphism may be important factors
in carcinogenesis and that the GSTT1 positive
genotype may be a genetic susceptibility factor
in firefighters who are exposed regularly to
chemical carcinogens.
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Open reviewing
Many journals, including the BMJ, have moved to a system of open reviewing, whereby authors
know the names of reviewers of their papers. Research has shown that named reviews, although
not of better quality than anonymous reviews, are not of worse quality either. Therefore in the
interests of transparency, it seems fair to let authors know who has reviewed their paper. At
Occupational and Environmental Medicine we have considered the issue carefully. There are some
concerns that reviewers, especially those who are more junior, might feel intimidated and not
wish to make negative comments about papers submitted by senior people in the field. On the
other hand, some reviewers might hide behind the cloak of anonymity to make unfair criticisms
so as to reduce the chances of publication by rivals. We have decided to introduce initially a sys-
tem of open reviewing if the reviewers agree explicitly. So when a reviewer is sent a paper, he or
she is asked to indicate whether we can disclose their name or not when sending the authors
their comments. We will be monitoring this to see how many of our reviewers are happy to be
named. If it is most of them, we will move to a system of open reviewing as the norm, with a
possible “opt out” clause for reviewers.
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