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Abstract Cytochrome P4501A2 (CYP1A2) is a key
enzyme for activation of bladder carcinogens. Polymor-
phisms in the 5'-noncoding promoter region of CYPIA2
gene [mainly —2467T/delT(rs35694136) and —163C/
A(rs762551)], are crucial in modifying CYP1A2 activity in
smokers. Within the framework of a hospital-based case/
control study, we investigated the relationship between
CYPIA2 polymorphisms, occupational/environmental expo-
sures and bladder cancer (BC) risk. The study population
included 185 BC cases and 180 non-cancer controls, all
Caucasian males. Data were collected on lifetime smoking,
coffee drinking, dietary habits and lifetime occupation, with
particular reference to exposure to aromatic amines (AAs)
and polycyclic aromatic hydrocarbons (PAHs). A case-only
design was applied to study the interaction between CYPIA2
—2467T/delT (or —163C/A) and occupational and environ-
mental factors. Multiple logistic regression showed a sig-
nificantly increased risk among heavy smokers (>50
packyears; OR 5.6, 95% CI: 2.5-12.5) and heavy coffee
drinkers (>5 cups/day; OR 3.1, 95% CI: 1.2-7.9). Exposure
to AAs showed a significant trend of BC risk with increasing
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cumulative exposure (CE) (P = 0.04), with heavy smoking
as possible confounder. A decreased risk was noted for large
leaf vegetable consumption, with significant trend from <1/
month to >3 times/week (P = 0.008). The case-only anal-
ysis showed an interaction between —2467T/delT and
tobacco smoking >25 packyears (P = 0.04); no interaction
was detected between such polymorphisms and coffee
consumption, dietary habits and occupational exposure to
AAs. No effects were shown with —/63C/A genotype as
well as no overall effect of CYPIA2 by itself on BC risk.
This is the first study suggesting that CYPIA2 —2467T/delT
modifies the effect of cigarette smoking on BC risk.

Keywords Bladder cancer - CYPIA2 genotype -
Occupational/environmental exposures

Introduction

Cytochrome P4501A2 (CYP1A2) is a key phase I enzyme
necessary to activate the major recognized bladder car-
cinogens, i.e., aromatic amines (AAs) and polycyclic aro-
matic hydrocarbons (PAHs), which require metabolic
activation before exerting their damaging effects [1]. The
formation of reactive metabolites of AAs and PAHs and
their binding to DNA to give stable adducts are considered
to be critical steps in their carcinogenic process. High
CYP1A2 activity was therefore suggested as a suscepti-
bility factor for bladder cancer (BC) as well as lung and
colon cancer, when exposure to AAs and PAHs which are
present in the main stream of tobacco smoke has been
implicated in the etiology of such diseases [2]. Increased
CYPIA2 activity was associated to the inducibility of
CYP1A2 [1, 3, 4] by a number of environmental factors,
such as AAs, PAHs, heterocyclic amines, nitrosamines,
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whose exposure occurs via tobacco smoking, occupational
exposure, diet [5-7]. More recently, inducibility of
CYP1A2 was also associated to the occurrence of specific
polymorphisms in the CYPIA2 gene. In our previous
works, we showed that polymorphisms, all located in the
5'-noncoding promoter region (—2467T/delT(rs35694136)
and —163C/A(rs762551) having the main effect on CYP1A2
activity) are crucial in increased CYP1A2 activity of
smokers, measured by the urinary caffeine metabolic ratio
(CMR). The same polymorphisms were found to play a
major role in rising urinary mutagenicity of smokers [8].
Moreover, CYPIA2 —2467T/delT polymorphism was
found to be a significant risk modifier of smoking-induced
lung cancer [9]. CYP1A2 activity may therefore be a
modulating factor along the continuum from the exposure
to relevant environmental and occupational exposures and
certain cancers. However, to the best of our knowledge, no
molecular epidemiology study has been published about
the role of CYPIA2 polymorphisms on the interaction
between occupational and environmental exposures and
risk of BC.

BC is among the most frequent diagnosed cancer in the
world [10]. In Italy, BC is the 4th incident cancer among
males and the 11th among females, with an estimated
number of about 16,000 new BC diagnosed among males
during 1998-2002 [11, 12]. Tobacco smoking and occu-
pations involving AAs and PAHs exposures are the main
known causes of BC [12, 13].

Case-controls and cohort studies overall support a pro-
tective effect of vegetables or, more consistently, fruit
consumption on BC risk, generally reporting a small
decrease of risk significant only for fruit intake and a
modification of the association by variants of metabolic
genes [14—17]. On the other hand, two recent prospective
cohort studies do not find any association between fruit and
vegetable consumption, combined or separately, and BC
risk [18, 19].

Coffee drinking has been classified as a possible human
carcinogen (group 2B) by IARC [20] on the basis of overall
limited evidence in human carcinogenicity data and con-
sidering bladder among the target organs; caffeine is oxi-
datively demethylated by CYP1A2. Recent epidemiological
studies found negative, dubious or slightly positive associ-
ation between coffee drinking and BC [21-26].

Results, of the relationships among some covariates and
variation of other metabolic genes (i.e., GST, NAT, SULT,
CYPIBI), and genes that modulate oxidative stress and
DNA repair on BC risk, were reported in our previous
papers [21, 27-29]. Aims of this study were to search for
new genetic characteristics which might contribute to
individual susceptibility to BC, and to further understand
the role of CYPIA2 genetic polymorphisms —24677/delT
(rs35694136) and —163C/A (1s762551), in modulating the
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relationship between occupational and environmental
exposures and BC risk. We analyzed the association
between CYPIA2 genetic polymorphisms —2467 T/delT
and —/63 C/A within the framework of a hospital-based
case-control study conducted in Brescia, a highly indus-
trialized area in Northern Italy, with a case-only study
design.

Materials and methods
Study population

The design was a hospital-based case-control study. The
inclusion criteria were being male, aged between 20 and 80,
resident in the Brescia province. The cases were newly
diagnosed, histologically confirmed BC patients, admitted in
the Urology departments of the two main hospitals of Brescia.
The controls were patients affected by various urological
non-neoplastic diseases (i.e., hydronephrosis, urolithiasis,
malformative urological diseases, prostatic adenoma and
hypertrophia, urological traumas, orchiepididymitis, hydro-
cele), frequency matched to cases by age (£5 years), period
and hospital of admission. From July 1997 to December
2000, 216 incident BC cases were admitted in the two hospital
and 220 hospital eligible controls were enrolled. The
response rate was 93% in cases and 97% in controls, leading
to 201 cases and 214 controls recruited in the study. DNA to
evaluate CYPIA2 genetic polymorphism was available for
185 cases and 180 controls; the —2467T/delT variant was
determined in 167 cases and 141 controls and the —163C/A
variant in 155 cases and 148 controls.

Cases were affected mainly by transitional cell carci-
noma (181, 98%); 3 were squamous cell carcinoma and 1
was a neuroendocrine tumor. Controls included patients
with ICD-9 code 591 (4%), 592 (39%), 223 (1%), 252
(1%), 596 (1%), 598 (5%), 599 (2%), 600 (39%), 603 (3%),
788 (2%), 959 (3%).

Sample size estimation

For the case—control study, the required sample size was
estimated assuming: pO (prevalence of controls exposed to
AAs) = 0.05 (this percentage was chosen because the
carcinogenic potential of AA exposure was the main
hypothesis of the case-control study); OR (relative risk of
bladder cancer associated with AA exposure) = 4.50; o
(type I error rate) = 0.05; f (type II error) = 0.80. Using
the method suggested by Schlesselman [30] each sample
(cases or controls) had to include 83 individuals. The actual
sample was enlarged (actually including 185 cases and 185
controls) to take into the alpha level, the desired statistical
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power level, the anticipated effect size, and the number of
predictors in the multiple logistic regression analysis [31].

The required sample size for the case-only study was
estimated according to Yang [32]. Since nonsmokers and
exsmokers were excluded from this analysis, the actual
number of bladder cancer cases was 67. The corresponding
minimum sample size had to be 14 or 118, respectively, if
packyears were dichotomized as: 25-99 and >100; or 25—
49 and >50 (see below Table 4). These estimates were
obtained using the formula 5 of Yang [32], where the
variance of the logarithm of OR for interaction under the
alternative hypothesis was based on the frequencies of our
Table 4, and the null variance was calculated from the
marginal totals of the same Table 4.

Data collection

A written informed consent was obtained from each
recruited subject and the study was approved by the local
Ethical Committee. All subjects were administered a face-
to-face questionnaire by trained interviewers. Data were
collected on demographic variables, active and passive
lifetime smoking history, alcohol and coffee consumption
(all types), fluid intake, diet via a food-frequency ques-
tionnaire (fruits, vegetables, PAHs containing food, such
as toasted, fried, smoked and grilled food and pizza),
lifetime occupational history, including each job lasting
for at least 1 year, and leisure activities. Job titles and
industrial activities were coded according to the Interna-
tional Standard Classification of Occupation (ISCO,
International Labour Office, 1968) and International
Standard Classification of all Industrial Activities (ISIC,
United Nations, 1968) by two occupational physicians,
blind to case/control status; major disagreement (i.e., 1st or
2nd digit), was discussed and resolved. For each specific
job title, the subject’s exposure to PAHs or AAs was
assessed based on the information collected in the ques-
tionnaire (including plant activity, type of production,
exposures to chemicals, detailed description of workplac-
es, job tasks, use of personal protective devices and
hygienic behaviours in workplaces) or provided by records
on risk assessments and personal knowledge of local
industries and literature data. According to the methodol-
ogy described in previous studies, the occupational expo-
sure to AAs and PAHs in each job, was classified as
possible, probable or definite (reliability) and scored for
mode of contact (respiratory only, dermal only, or both
respiratory and dermal), intensity (low, medium or high),
and frequency (low as 1-5% of the working time, medium
as 5.1-30%, high as more than 30%). More detailed
information regarding study population and data collection
are described in previous publications [21, 27-29, 33] and
is available upon request.

Genotyping

Genotype assays on DNA were carried out by polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) for two CYPIA2 polymorphic sites (—2467T/
delT and —163C/A) as previously described [8]. Briefly all
PCR reactions (25 pl) were performed on a GeneAmp PCR
System 9700 (Applied Biosystems, Italy), with each mas-
termix (Applied Biosystems, Italy) comprising 0.2 mM
dNTPs, 1 U of Taq polymerase, the appropriate concen-
tration of MgCl2 (1.75 and 1.25 mM) and 0.4 pM of each
primer (Invitrogen Life Technologies, Italy). Variants
—2467T/delT and —163C/A were identified by Ndel and
Apal restriction enzymes purchased from New England
Biolabs (Italy) [9]. Quality-control measures were adopted
in genotyping, such as validation of results by using the
RT-PCR method and blind repeat of 10% of samples.

Statistical analysis

The statistical analysis was performed including several
categorical and interval variables. Tobacco smoking was
categorized as never smokers, former smokers, and current
smokers and packyears (life-long consumption of ciga-
rettes) were calculated. As regards occupational exposure
to AAs and/or PAHs, an index of cumulative exposure
(CE) was calculated as the product of duration of each job
entailing the exposure (/) and the reliability (r), intensity (i)
and frequency (f) scores (r x i X f x [), summing up as
many products as were necessary to take into account all
the different jobs done. The time (years) since first expo-
sure (TSFE) and time (years) since last exposure (TSLE) to
AAs and PAHs, separately, were also determined. The life-
long time-weighted average of cups/day of coffee was
recoded as O (never drinkers), <3, 4, >5 cups/day. PAHs
containing food, fruits, large leaf vegetable and other
vegetables consumption was divided into four categories
(less than once/month; less than once/week; 1-3 times/
week; more than 3 times/week).

Using STATA 10, univariable logistic regression mod-
els were fitted to obtain the Odds Ratio (OR) and the 95%
confidence interval (CI) for BC, in the different classes or
categories of explanatory variables. Explanatory variables
(those proved to be associated with the outcome) were
forced in the model and then selected by backwards
stepwise selection (with P < 0.05 as criteria) using the
multivariable unconditional logistic regression analysis.
Nevertheless, some of the variables whose likelihood ratio
(LR) test was not statistically significant (P > 0.05) were
still retained in the model if resulting in being a substantial
confounder (i.e., a variable whose omission from the model
resulted in at least one stratum specific OR of one variable
changing by at least 10% of its original value).
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To find out whether the genotype was in Hardy—Wein-
berg equilibrium, distribution of the observed and expected
genotype frequencies were compared using a chi-square
test. Bladder cancer cases only were classified in a table
according to environmental factors (rows) and genotypes
(columns), and an unconditional logistic regression model
was used, to assess the interaction. The OR (with CI, and
P-value) expresses the linear trend of bladder cancer risk
with increasing environmental exposures in subjects with
high activity compared to those with low activity of
CYP1A2. As suggested by our previous studies on the
relationship between CYP1A2 activity and genotype [8],
we grouped subjects in two categories those with and
without increasing CYP1A2 activity alleles (CYPIA2 —
2467delT and —163A).

Results

The mean age was 63 years among cases (N. 185) and 62
among controls (N. 180); age of cases and controls did not
differ significantly (P = 0.218). With regard to BC risk
factors, on average cases smoked 23.1 (£24.3) packyears,
drunk 1.1 (£0.9) cups of coffee/day, had 18.2 (4+40.4)
years of cumulative occupational exposure to PAHs and
5.6 (£26.9) years to AAs. Among controls, mean tobacco
smoking was 14.7 (£22.4) packyears, coffee drinking 0.8
(£0.7) cups/day, cumulative occupational exposure to
PAHs was 18.2 (£40.4) years and 1.0 (£6.7) years to AAs.
Univariable logistic regression models show significant
association between BC and smoking, packyears, coffee,
large leaf vegetables, occupational CE and TSLE to AAs
(Table 1). No association was detected for age, and expo-
sure to PAHs (CE, TSFE, TSLE; data not shown).

Smoking categories, packyears, coffee intake (cups/day),
vegetable intake, CE_AAs, TSFE_AAs, and TSLE_AA:s,
proved to be associated with the outcome (Table 1), were
forced in a model of multivariable unconditional logistic
regression and showed a significantly increased risk of BC
with packyears (especially for >50 packyears) and heavy
coffee drinkers (especially for >5 cups/day). A decreased
BC risk was noted for large leaf vegetable consumption
(especially, for consumption > once/week). Even though
the confidence intervals of OR cross 1, here also appears a
non-significant association between occupational AAs
cumulative exposure and BC risk, after taking into account
the effect of all the other variables. Neither interaction nor
effect modification were found (data not shown).

The multivariable logistic regression analysis showed
that the only potential confounder of the association
between BC risk and cumulative exposure to AAs was
heavy tobacco smoking (packyears; P < 0.000), while the
P-values of coffee (P = 0.05), and vegetables (P = 0.05)
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were all borderline, suggesting weak evidence about their
confounding role.

Table 2 shows the observed and expected genotypes for
CYPIA2 —2467T/delT (determined in 167 cases and 141
controls) and —163C/A (determined in 155 cases and 148
controls). The expected genotype frequencies were not
significantly different from the observed frequencies in BC
cases and controls separately considered, indicating that
they were in Hardy—Weinberg equilibrium. The frequen-
cies are in line with those found in our previous study
on healthy Caucasian volunteers in which CYPIA2 —2467delT
and —163A frequency were 24 and 67% respectively
[9]. The distributions of the CYP1A2 —2467T/delT or
—2467delT/delT and —163A/C or A/A genotypes among
BC cases and controls was similar, indicating no overall
effect of these polymorphisms in BC risk.

No interaction/modification of BC risk was detected
between polymorphisms (CYPIA2 —2467T/delT and —163A/
C genotypes) and smoking status, coffee consumption,
large leaf vegetable consumption, cumulative exposure to
AAs and PAHs (Table 3).

Table 4 shows a significant interaction (case-only study)
between the increasing CYPIA2 activity genotype
(CYPIA2 —2467T/delT or —delT/delT) and tobacco con-
sumption (>25 packyears) in current-smoker (P = 0.04).
No significant interaction/modification of effect was shown
analyzing the —163C/A genotype (Table 4).

Discussion

This work, besides sustaining the role of known personal
habits such as cigarette smoking (especially for >50
packyears) in increasing BC risk, suggest a probable role of
occupational exposure to AAs and heavy coffee drinking
(especially for >5 cups/day) and the significant protective
effect for large leaf vegetables consumption on BC risk,
confirming previous observations in the literature [14—17],
The associations of AAs cumulative exposure and heavy
coffee drinking with BC risk seem, however, to be weak-
ened the first by smoking habit, that appears to be an
important confounder, and the latter might be attributed to
residual confounding by inadequate adjustment for ciga-
rette smoking (which is over-represented among those who
drink the most coffee/caffeine) [23]. Moreover our results
suggest that the effect of heavy cigarette smoking on the
risk of BC is modulated by CYPIA2 —2467T/delT
polymorphism.

To the best of our knowledge, this is the first study
showing that functional CYPIA2 —2467T/delT polymor-
phism modifies the effect of cigarette smoking on the risk
of BC, indicating that high CYP activity might be a sus-
ceptibility factor for BC in smokers. The present work is in
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Table 1 Distribution of bladder cancer cases and controls by risk indicators

Cases Controls Univariate analysis P-trend Multivariate analysis
OR (95% CI) OR° (95% CI)

Smoking classes
No smokers 13 36 Reference <0.001
Ex smokers 81 93 2.41 (1.20-4.86)
Smokers 91 51 4.94 (2.40-10.2)
Packyears
0 13 37 Reference <0.001 Reference
1-24.9 32 60 1.52 (0.71-3.26) 1.36 (0.63-2.98)
25-49.9 51 43 3.38 (1.59-7.15) 2.95 (1.37-6.35)
>50 89 40 6.33 (3.04-13.2) 5.63 (2.54-12.5)
Coffee drinking (cups/day)
0 43 55 Reference 0.002 Reference
<3 103 109 1.21 (0.75-1.96) 1.20 (0.71-2.03)
4 16 8 2.56 (1.00-6.53) 2.52 (0.93-6.83)
>5 23 8 3.68 (1.50-9.03) 3.05 (1.17-7.94)
Large leaf vegetables intake (No. servings)
<1/month 15 Reference 0.008 Reference
<l/week 13 0.37 (0.08-1.74) 0.33 (0.06-1.69)
1-3/week 66 70 0.19 (0.05-0.68) 0.19 (0.05-0.74)
>3/week 91 100 0.18 (0.05-0.65) 0.20 (0.05-0.76)
AAs: cumulative exposure”
Not exposed 169 173 Reference 0.042 Reference
1-24 7 5 1.43 (0.45-4.60) 1.04 (0.29-3.78)
>25 9 2 4.61 (0.98-21.6) 4.29 (0.86-21.5)
AAs: TSFE" (years)
Not exposed 169 173 Reference 0.086
1-36 7 3 2.39 (0.61-9.39)
>37 9 4 2.30 (0.70-7.62)
AAs: TSLE (years)
Not exposed 171 175 Reference 0.052
1-16 7 3 2.39 (0.61-9.39)
>17 7 2 3.58 (0.73-17.5)
PAHs: cumulative exposure”
Not exposed 119 117 Reference 0.966
1-24 35 31 1.11 (0.64-1.92)
>25 31 32 0.95 (0.55-1.66)
PAHs: TSFE® (years)
Not exposed 119 117 Reference 0.727
1-36 32 33 0.95 (0.55-1.56)
>37 34 30 1.11 (0.64-1.94)
PAHSs: TSLE® (years)
Not exposed 123 119 Reference 0.987
1-16 31 31 0.97 (0.55-1.69)
>17 31 30 1.00 (0.57-1.75)

Odds ratio (OR) and 95% confidence interval (95% CI) estimated at univariate (with P value for trend) and multivariate logistic regression analysis

after backward selection of the independent variables

°0dds ratio adjusted each for the effect of other factors present in the final model of logistic regression

? Sum of products (r x i x f x [); where r reliability, i intensity, f frequency; and [ length of exposure

° TSFE: time since first exposure

¢ TSLE: time since last exposure

@ Springer



496

S. Pavanello et al.

Table 2 CYPIA2 —2467T/delT and —163C/A distribution and OR in bladder cancer cases and controls

Cases Controls OR 95% CI
Observed number  Expected number®  Observed number ~ Expected number”
—2467T/T 95 94 69 70 Ref. 0.73  0.46-1.14
—2467T/delT or delT/delT 72 74 72 72
—163C/C 10 15 16 15 Ref. 1.75  0.77-4.15
—163A/C or A/A 145 140 132 133

? According to Hardy—Weinberg

Table 3 Distribution of bladder cancer cases according to environmental variables (rows) and genotypes (columns), and results (OR, 95% CI,
and P-value) of unconditional logistic regression to assess interaction between the two

Environmental variables  Levels Genotypes
—2467T/delT or delT/delT T/T —163A/C or A/A c/c
Smoking Never smokers 0 5 11 2
Former smokers 36 42 65 2
Current smokers 36 48 69 6
OR* = 1.16; 95% CI 0.67-2.02, P = 0.58 OR* = 1.0; 95% CI1 0.36-2.72; P = 1.0
Coffee Never drinkers 21 14 28 4
<4 cups/day 37 56 81 6
4 cups/day 10 16 23 0
>5 cups/day 4 9 13 0
OR® = 0.79; 95% CI 0.60-1.04; P = 0.09 OR* = 2.74; 95% CI 0.94-8.01; P = 0.06
Vegetables Never 9 5 12 0
<1 times/week 5 6 11 1
1-3 times/week 25 36 47 4
>3 times/week 33 48 75 5
OR* = 0.78; 95% CI 0.56-1.10; P = 0.16 OR* = 0.84; 95% CI 0.39-1.83; P = 0.67
CE_AAs® 0 66 86 132 9
3 3 7 0
2 3 6 6 1
OR* = 0.86; 95% CI 0.45-1.66; P = 0.66 OR* = 0.75; 95% CI1 0.23-2.47; P = 0.64
CE_PAHs" 0 51 56 88 7
1 11 21 30 1
2 10 18 27 2

OR* = 0.74; 95% CI 0.49-1.12; P = 0.15

OR" = 1.14; 95% CI 0.48-2.68; P = 0.75

* ORs and 95% CI were calculated by unconditional logistic regression

® Sum of products (r x i x f x I); where r reliability, i intensity, f frequency; and [ length of exposure

line with our previous results demonstrating that CYPIA2
—2467T/delT, but not the other analyzed intronic variants
(—3860G/A, —734C/A, —163C/A), was a significant risk
modifier of tobacco smoking-induced lung cancer [9];
moreover, recent works, which, however, did not analyse
—2467T/delT, reported no influence of variants —163C/A
and —734C/A on risk of BC [34, 35]. A possible expla-
nation of such results may be related to the specific site of
our examined deletion variant that is located in a key
position —2467 intron 1— of CYP1A2 induction mecha-
nism, i.e., within the binding region (positions —2495 and
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—2000 [36]) of the xenobiotic responsive element (XRE).
Pathway of CYP1A2 induction is complex and still not
fully known. It involves polyaromatic chemicals, such as
those present in cigarette smoke, that act as ligands for the
Ah receptor (AhR) [36, 37]. In the nucleus, the stimulated
ligand-AhR, forming a heterodimer with the Ah receptor
nuclear translocator (Arnt), activates the transcription of
CYPI1A2, in its control region [37, 38], by binding the XRE
actually in positions —2495 and —2000 [36]. An increased
transcription rate and, partly, the increased stability of
mRNA, are the result of this CYP1A2 inductive binding
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Table 4 Distribution of bladder cancer cases according to packyears (rows) and genotypes (columns), and results (OR, 95% CI, and P-value) of

unconditional logistic regression to assess interaction between the two

Packyears —2467T/delT or delT/delT T Totals —163A/C or A/A c/c Totals
2549 0 2 2 2 0 2
50-99 17 28 45 36 4 40
>100 12 8 20 15 2 17
Total 29 38 67 53 6 59

OR" = 2.83 OR" = 0.71

95% CI = 1.02-7.80 95% CI = 0.14-3.68

P =0.045 P = 0.688

* ORs and 95% CI were calculated by unconditional logistic regression

effect [37, 38]. Our results would suggest that CYPIA2
—2467T/delT polymorphism located inside the binding
region of AhR/Arnt heterodimer may modify the binding
sites (chromatin structure) [36], thereby increasing the
CYPIA2 induction mechanism by tobacco smoke compo-
nents. A rising in mRNA expression level has already been
reported for similar polymorphisms in the 5’-promoter
region of the CYP2E] gene [39].

Our data are in line with the assumption that high
CYPIA2 activity genetically determined could be a sus-
ceptible factor for BC in smokers [1]. Tobacco smoke is a
very complex mixture containing hundreds of human
carcinogens [40]. The excess of BC in smokers seems to
be mainly attributed to arylamines, in particular to the
well-established human carcinogen the arylamine 4-ami-
nobiphenyl (4-ABP) [41-43]. 4-ABP requires metabolic
activation to form reactive electrophiles, whose binding to
human bladder epithelium DNA [44, 45], inducing p53
mutations [46] and genetic instability [47], was detected
and thought to be essential for its carcinogenic effect. The
N-oxidation of ABP to N-hydroxy-ABP, catalyzed pri-
marily by hepatic cytochrome P4501A2 [48], is believed
to be the first critical step in this bioactivation [49].
Although CYP1A2 is primarily expressed in human liver,
the activated N-hydroxyl metabolites generated in the
liver was found to be transported to the bladder where,
under acidic conditions [50, 51] or, enzymatically, by
O-acetylation of N-hydroxy arylamine (predominantly by
the N- acetyltransferase 1 (NATI1) isozyme), the com-
pound is further activated to the ultimate carcinogenic
DNA-reactive metabolite [52]. Extensive CYP1A2 activ-
ity was significantly related to the increase in body con-
tent of mutagens [1, 53-55], and in some other indicators
of genotoxic risk, such as DNA and protein adducts [41,
56] when exposure to AAs occurs. Moreover, experi-
mental studies also showed that in dogs treated with ABP,
N-hydroxy-ABP and the subsequent ABP-DNA adduct
formation in bladder epithelium are directly dependent
[57]. Our data would suggest that higher CYPIA2

activity, smoking-induced and —24677/delT genetically
related/modified, may increase the formation of the key
N-hydroxylamine [43].

Among the strengths of the research, the good charac-
terization of the population with thorough and reliable
collection of several personal, occupational, environmental
variables and genetic endpoints. The case-only study
design is also an issue; it is a powerful method for studying
gene-environment interactions because it enables to
achieve greater statistical power than a case-control study
of the same sample size [32]. Moreover, it should be
underlined that not only the CYPIA2 polymorphisms we
studied are common in the general population and BC is a
frequent cancer especially in males, but also exposure to
AAs and PAHs, known bladder carcinogens, might be still
significantly prevalent in male occupations, and CYP1A2
is involved in their metabolism. Therefore, such polymor-
phisms may have an impact in public health and it should
be characterized in high risk population. Finally the result
of this study appear to be biologically plausible and the
direction of the effects is consistent with the a priori
expectations also based on available literature data on both
polymorphisms. In this regard, we should mention that the
results of this research are in the same direction of our
previous studies [9] on CYPIA2 —2467T/delT polymor-
phism as significant risk modifier of smoking-induced lung
cancer [8, 9].

Among the limitations of the present study is the small
sample size, in particular of the case-only study. Here, the
actual number of 67 cases (showed in Table 4) was higher
than 14 but lower than 118, the minimum required sample
sizes estimated according to different assumptions.
Therefore it is uncertain whether the case-only study had a
sufficient statistical power. However, it should be noticed,
that, opposing heavy smokers (>100 packyears) to light/
medium smokers, the required sample size was 14 and
therefore study power could be sufficient.

The case-control study, including 365 observations, was
presumed to possess sufficient statistical power to detect a
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significant effect [30]. However, the influence of AAs in
bladder carcinogenesis is still uncertain from the final model
of multivariable logistic regression. Heavy tobacco smoking
was the only potential confounder in the association between
BC risk and cumulative exposure to AAs. This confounding
effect could also have a biological significance since AAs are
present in the inhaled smoke of cigarettes [40]. The bio-
logical significance of our findings might also be uncertain,
due to the complex mechanism of CYP1A2 induction, still
not fully known. Moreover, since few observations would
suggest the existence of gene—gene interactions in bladder
carcinogenesis [58—60], the hypothesis of an interaction of
this polymorphism with other susceptible genetic variants
relevant for carcinogen metabolism or DNA repair will be
tested in our study population.

Finally, in this case-control study, the hospital controls
were selected among patients affected by non-neoplastic
urological diseases. This selection might introduce a bias if
the occurrence of the diseases eligible for the control status
is associated with the genotype of interest. However, the
distribution of the genetic polymorphisms among our
control group were under HWE, arguing against selection
bias. Moreover, the variability of diseases among controls
could minimize the occurrence of such a bias. To the best
of our knowledge, there are no evidence of association of
the diseases of the controls with CYP1A2 variability nor
with the variables analyzed.

In conclusion, this work confirms the role of cigarette
smoking (especially for >50 packyears), in increasing BC
risk and propose a significant protective effect for large leaf
vegetables consumption.

The new finding stemming from this study, that sustains
CYPIA2 —2467T/delT as modifier of the effect of heavy
cigarette smoking also on BC risk, generates the hypothesis
that this new genetic functional characteristic contributes to
individual susceptibility to BC. This hypothesis should be
considered in a larger study together with gene—gene
interaction analysis of this polymorphism with the other
susceptible genetic variants for BC.

Acknowledgments Italian Association for Research on Cancer

(AIRC) 2008.

References

1. Landi MT, Sinha R, Lang NP, Kadlubar FF. Chapter 16. Human
cytochrome P4501A2. In: Vineis P, Malats N, Lang M, d’Errico
A, Caporaso N, Cuzick J, Moffetta P, editors. Metabolic poly-
morphisms and susceptibility to cancer. Lyon: IARC Scientific
Publications, IARC; 1999. 148, p. 173-195.

2. Bartsch H, Nair U, Risch A, Rojas M, Wikman H, Alexandrov K.
Genetic polymorphism of CYP genes, alone or in combination, as
a risk modifier of tobacco-related cancers. Cancer Epidemiol
Biomarkers Prev. 2000;9:3-28.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Butler MA, Lang NP, Young JF, Caporaso NE, Vineis P, Hayes

RB, Teitel CH, Massengill JP, Lawsen MF, Kadlubar FF.
Determination of CYP1A2 and NAT?2 phenotypes in human
populations by analysis of caffeine urinary metabolites. Phar-
macogenetics. 1992;2:116-27.

. Pavanello S, Simioli P, Lupi S, Gregorio P, Clonfero E. Exposure

levels and cytochrome P450 1A2 activity, but not N-acetyl-
transferase, glutathione S-transferase (GST) M1 and TI, influ-
ence urinary mutagen excretion in smokers. Cancer Epidemiol
Biomarkers Prev. 2002;11:998-1003.

. Sesardic D, Boobis AR, Edwards RJ, Davies DS. A form of

cytochrome P450 in man, orthologous to form d in the rat,
catalyses the odeethylation of phenacetin and is inducible by
cigarette smoking. Br J Clin Pharmacol. 1988;26:363-72.

. Chung WG, Kang JH, Park CS, Cho MH, Cha YN. Effect of age

and smoking on in vivo CYP1A2, flavin-containing monooxy-
genase, and xanthine oxidase activities in Koreans: determination
by caffeine metabolism. Clin Pharmacol Ther. 2000;67:258-66.

. Nordmark A, Lundgren S, Cnattingius S, Rane A. Dietary caf-

feine as a probe agent for assessment of cytochrome P4501A2
activity in random urine samples. Br J Clin Pharmacol. 1999;
47:397-402.

. Pavanello S, Pulliero A, Lupi S, Gregorio P, Clonfero E. Influ-

ence of the genetic polymorphism in the 5’-noncoding region of
the CYP1A2 gene on CYP1A2 phenotype and urinary mutage-
nicity in smokers. Mutat Res. 2005;587:59-66.

. Pavanello S, B’chir F, Pulliero A, Saguem S, Ben Fraj R, El Aziz

Hayouni A, Clonfero E, Mastrangelo G. Interaction between
CYP1A2-T2467DELT polymorphism and smoking in adenocar-
cinoma and squamous cell carcinoma of the lung. Lung Cancer.
2007;57:266-72.

International Agency for Research on Cancer. World cancer
report 2008. In: Boyle P, Levin B, editors. WHO Press, Geneva;
2008.

AIRT Working Group. Italian cancer figures—report 2006: 1.
Incidence, mortality and estimates. Epidemiol Prev 2006; 30:
8-101.

Pelucchi C, Bosetti C, Negri E, Malvezzi M, La Vecchia C.
Mechanisms of disease: the epidemiology of bladder cancer. Nat
Clin Pract Urol. 2006;3:327-40.

Kogevinas M, Trichopoulos D. Urinary bladder cancer. In:
Adami HO, Hunter D, Trichopoulos D, editors. Textbook of
cancer epidemiology. New York: Oxford University Press; 2002.
p. 446-66.

Kamat ALJ, Gu J, Chen M, Dinney CP, Forman MR, Wu X.
Dietary intake of vegetables and fruit and the modification effects
of GSTMI and NAT2 genotypes on bladder cancer risk. Cancer
Epidemiol Biomarkers Prev. 2009;18:2090-7.

Kellen E, Zeegers M, Paulussen A, Van Dongen M, Buntinx F.
Fruit consumption reduces the effect of smoking on bladder
cancer risk. The Belgian case control study on bladder cancer. Int
J Cancer. 2006;118:2572-8.

Garcia-Closas R, Garcia-Closas M, Kogevinas M, Malats N,
Silverman D, Serra C, Tardén A, Carrato A, Castafio-Vinyals G,
Dosemeci M, Moore L, Rothman N, et al. Food, nutrient and
heterocyclic amine intake and the risk of bladder cancer. Eur J
Cancer. 2007;43:1731-40.

Riboli E, Norat T. Epidemiologic evidence of the protective
effect of fruit and vegetables on cancer risk. Am J Clin Nutr.
2003;78:559-69.

Biichner FL, Bueno-de-Mesquita HB, Ros MM, Kampman E,
Egevad L, Overvad K, Raaschou-Nielsn O, Tignneland A, Ros-
wall N, Clavel-Chapelon F, Boutron-Ruault MC, Touillaud M,
Chang-Claude J, Kaaks R, Boeing H, Weikert S, Trichopoulou A,
Lagiou P, Trichopoulos D, Palli D, Sieri S, Vineis P, Tumino R,
Panico S, Vrieling A, Peeters PH, van Gils CH, Luund E, Gram



CYPIA2 polymorphisms and risk of bladder cancer

499

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

IT, Engeset D, Martinez C, Gonzalez CA, Larranaga N, Ardanaz
E, Navarro C, Rodriguez L, Manjer J, Ehrnstrom RA, Hallmans
G, Ljungberg B, Allen NE, Roddam AVYV, Bingham S, Khaw
KT, Silmani N, Boffetta P, Jenab M, Mouw T, Michaud DS,
Kiemeney LA, Riboli E. Consumption of vegetables and fruit
and the risk of bladder cancer in the European prospective
investigation into cancer and nutrition. Int J Cancer. 2009;125:
2643-51.

Larsson SC, Andersson SO, Johansson JE, Wolk A. Fruit and
vegetable consumption and risk of bladder cancer: a prospective
cohort study. Cancer Epidemiol Biomarkers Prev. 2008;17:
2519-22.

International Agency for Research on Cancer (IARC). Coffee,
tea, mate, methylxanthines and methylglyoxal. In: IARC Mono-
graphs on the evaluation of carcinogenic risks to humans. Lyon;
1991.

Covolo L, Placidi D, Gelatti U, Carta A, Scotto Di Carlo A,
Lodetti P, Picciché A, Orizio G, Campagna M, Arici C, Porru S.
Bladder cancer, GSTs, NATI, NAT2, SULTIAl, XRCCI,
XRCC3, XPD genetic polymorphisms and coffee consumption: a
case-control study. Eur J Epidemiol. 2008;23:355-62.

Sala M, Cordier S, Chang-Claude J, Donato F, Escolar-Pujolar A,
Fernandez F, Gonzélez CA, Greiser E, Jockel KH, Lynge E,
Mannetje A, Pohlabeln H, et al. Coffee consumption and bladder
cancer in nonsmokers: a pooled analysis of case—control studies
in European countries. Cancer Causes Control. 2000;11:925-31.
Pelucchi C, La Vecchia C. Alcohol, coffee, and bladder cancer
risk: a review of epidemiological studies. Eur J Cancer Prev.
2009;18:62-8.

Villanueva CM, Silverman DT, Murta-Nascimento C, Malats N,
Garcia-Closas M, Castro F, Tardon A, Garcia-Closas R, Serra C,
Carrato A, Rothman N, Real FX, et al. Coffee consumption,
genetic susceptibility and bladder cancer risk. Cancer Causes
Control. 2009;20:121-7.

Woolcott CG, King WD, Marrett LD. Coffee and tea consump-
tion and cancers of the bladder, colon and rectum. Eur J Cancer
Prev. 2002;11:137-45.

Zeegers MP, Tan FE, Goldbohm RA, van den Brandt PA. Are
coffee and tea consumption associated with urinary tract cancer
risk? A systematic review and meta-analysis. Int J Epidemiol.
2001;30:353-62.

Hung RJ, Boffetta P, Brennan P, Malaveille C, Hautefeuille A,
Donato F, Gelatti U, Spaliviero M, Placidi D, Carta A, Scotto di
Carlo A, Porru S. GST, NAT, SULTI1Al, CYPIBI1 genetic
polymorphisms, interactions with environmental exposures and
bladder cancer risk in a high-risk population. Int J Cancer.
2004;110:598-604.

Shen M, Hung RJ, Brennan P, Malaveille C, Donato F, Placidi D,
Carta A, Hautefeuille A, Boffetta P, Porru S. Polymorphisms of
the DNA repair genes XRCC1, XRCC3, XPD, interaction with
environmental exposures, and bladder cancer risk in a case—
control study in northern Italy. Cancer Epidemiol Biomarkers
Prev. 2003;12:1234-40.

Hung RJ, Boffetta P, Brennan P, Malaveille C, Gelatti U, Placidi
D, Carta A, Hautefeuille A, Porru S. Genetic polymorphisms of
MPO, COMT, MnSOD, NQOI, interactions with environmental
exposures and bladder cancer risk. Carcinogenesis. 2004;25:
973-8.

Schlesselman JJ. Case-control studies: design, conduct, analysis.
USA: Oxford University Press; 1982. p. 145.

Cohen J, Cohen P, West SG, Aiken LS. Applied multiple
regression/correlation analysis for the behavioral sciences. 3rd ed.
Mahwah, NJ: Lawrence Earlbaum Associates; 2003.

Yang Q, Khoury MJ, Flanders WD. Sample size requirements in
case-only designs to detect gene-environment interaction. Am J
Epidemiol. 1997;146:713-20.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Porru S, Placidi D, Carta A, Gelatti U, Ribero ML, Tagger A,
Boffetta P, Donato F. Primary liver cancer and occupation in
men: a case—control study in high-incidence area in Northern
Italy. Int J Cancer. 2001;94:878-83.

Altayli E, Gunes S, Yilmaz AF, Goktas S, Bek Y. CYP1A2,
CYP2D6, GSTM1, GSTPI1, and GSTT1 gene polymorphisms in
patients with bladder cancer in a Turkish population. Int Urol
Nephrol. 2009;41:259-66.

Figueroa JD, Malats N, Garcia-Closas M, Real FX, Silverman D,
Kogevinas M, Chanock S, Welch R, Dosemeci M, Lan Q, Tardén
A, Serra C, et al. Bladder cancer risk and genetic variation in
AKRIC3 and other metabolizing genes. Carcinogenesis.
2008;29:1955-62.

Quattrochi LC, Vu T, Tukey RH. The human CYP1A2 gene and
induction by 3-methylcholanthrene. A region of DNA that sup-
ports AH-receptor binding and promoter-specific induction. J
Biol Chem. 1994;269:6949-54.

Sogawa K, Fujii-Kuriyama Y. Ah receptor, a novel ligand-acti-
vated transcription factor. J Biochem. 1997;122:1075-9.
Hankinson O. The aryl hydrocarbon receptor complex. Annu Rev
Pharmacol Toxicol. 1995;35:307-40.

Hayashi S, Watanabe J, Kawajiri K. Genetic polymorphisms in
the 5’-flanking region change transcriptional regulation of the
human cytochrome P450IIE1 gene. J Biochem. 1991;110:559-
65.

International Agency for Research on Cancer (IARC). Working
Group on the Evaluation of Carcinogenic Risks to Humans.
Tobacco smoke and involuntary smoking. In: Lyon: IARC
Scientific Publications; 2004; 83: 1-1438.

Bartsch H, Caporaso N, Coda M, Kadlubar F, Malaveille C,
Skipper P, Talaska G, Tannenbaum SR, Vineis P. Carcinogen
hemoglobin adducts, urinary mutagenicity, and metabolic phe-
notype in active and passive cigarette smokers. J Natl Cancer
Inst. 1990;82:1826-31.

Vineis P, Talaska G, Malaveille C, Bartsch H, Martone T, Sit-
hisarankul P, Strickland P. DNA adducts in urothelial cells:
relationship with biomarkers of exposure to arylamines and
polycyclic aromatic hydrocarbons from tobacco smoke. Int J
Cancer. 1996;65:314-6.

Hecht SS. Cigarette smoking: cancer risks, carcinogens, and
mechanisms. Langenbecks Arch Surg. 2006;391:603—13.
Talaska G, Al-Juburi AZSS, Kadlubar FF. Smoking related car-
cinogen—-DNA adducts in biopsy samples of human urinary
bladder: identification of N-(deoxyguanosin-8-yl)-4-aminobi-
phenyl as a major adduct. Proc Natl Acad Sci USA.
1991;88:5350-4.

Curigliano G, Zhang YJ, Wang LY, Flamini G, Alcini A, Ratto C,
Giustacchini M, Alcini E, Cittadini A, Santella RM. Immuno-
histochemical quantitation of 4-aminobiphenyl-DNA adducts
and p53 nuclear overexpression in T1 bladder cancer of smokers
and nonsmokers. Carcinogenesis. 1996;17:911-6.

Feng Z, Hu W, Rom WN, Beland FA, Tang MS. 4-aminobi-
phenyl is a major etiological agent of human bladder cancer:
evidence from its DNA binding spectrum in human p53 gene.
Carcinogenesis. 2002;23:1721-7.

Saletta F, Matullo G, Manuguerra M, Arena S, Bardelli A, Vineis
P. Exposure to the tobacco smoke constituent 4-Aminobiphenyl
induces chromosomal instability in human cancer cells. Cancer
Res. 2007;67:7088-94.

Butler MA, Guengerich FP, Kadlubar FF. Metabolic oxidation of
the carcinogens 4-aminobiphenyl and 4, 4’-methylenebis(2-
chloroaniline) by human hepatic microsomes and by purified rat
hepatic cytochrome P-450 monooxygenases. Cancer Res.
1989;49:25-31.

Kadlubar FF, Miller JA, Miller EC. Hepatic microsomal N-glu-
curonidation and nucleic acid binding of N-hydroxy arylamines

@ Springer



500

S. Pavanello et al.

50.

51

52.

53.

54.

55.

in relation to urinary bladder carcinogenesis. Cancer Res.
1977;37:805-14.

Kadlubar FF. Carcinogenic aromatic amine metabolism and DNA
adduct detection in human. In: Emster L, editor. Xenobiotics and
cancer. London: Taylor & Francis, Ltd.; 1991. p. 329-38.
Bartsch H, Malaveille C, Friesen M, Kadlubar FF, Vineis P.
Black (air-cured) and blond (flue-cured) tobacco cancer risk. IV.
Molecular dosimetrystudies implicates aromatic amines as blad-
der carcinogens. Eur J Cancer. 1993;29:1199-207.

Frederickson SM, Messing EM, Renikoff CA, Swaminathan S.
Relationship between in vivo acetylator phenotypes and cytosolic
N-acetyltransferase and O-acetyltransferase activities in human
uroepithelial cells. Cancer Epidemiol Biomark Prev. 1994;3:25-
32.

Sinués B, Sdenz MA, Lanuza J, Bernal ML, Fanlo A, Juste JL,
Mayayo E. Five caffeine metabolite ratios to measure tobacco-
induced CYP1A2 activity and their relationships with urinary
mutagenicity and urine flow. Cancer Epidemiol Biomarkers Prev.
1999;8:159-66.

Murray S, Lake BG, Gray S, Edwards AJ, Springall C, Bowey
EA, Williamson G, Boobis AR, Gooderham NJ. Effect of cru-
ciferous vegetable consumption on heterocyclic aromatic amine
metabolism in man. Carcinogenesis. 2001;22:1413-20.
Pavanello S, Simioli P, Mastrangelo G, Lupi S, Gabbani G,
Gregorio P, Clonfero E. Role of metabolic polymorphisms NAT2
and CYP1A2 on urinary mutagenicity after a pan-fried ham-
burger meal. Food Chem Toxicol. 2002;40:1139-44.

@ Springer

56.

57.

58.

59.

60.

Landi MT, Zocchetti C, Bernucci I, Kadlubar FF, Tannenbaum S,
Skipper P, Bartsch H, Malaveille C, Shields P, Caporaso NE,
Vineis P. Cytochrome P4501A2: enzyme induction and genetic
control in determining 4-aminobiphenyl-hemoglobin adduct lev-
els. Cancer Epidemiol Biomarkers Prev. 1996;5:693-8.
Kadlubar FF, Dooley KL, Teitel CH, Roberts DW, Benson RW,
Butler MA, Bailey JR, Young JF, Skipper PW, Tannenbaum SR.
The frequency of urination and its effects on metabolism phar-
macokinetics, blood hemoglobin adduct formation, and liver and
urinary bladder DNA adduct levels in Beagle dogs administered
the carcinogen, 4-aminobiphenyl. Cancer Res. 1991;51:4371-7.
Chen M, Kamat AM, Huang M, Grossman HB, Dinney CP,
Lerner SP, Wu X, Gu J. High-order interactions among genetic
polymorphisms in nucleotide excision repair pathway genes and
smoking in modulating bladder cancer risk. Carcinogenesis.
2007;28:2160-5.

Manuguerra M, Matullo G, Veglia F, Autrup H, Dunning AM,
Garte S, Gormally E, Malaveille C, Guarrera S, Polidoro S,
Saletta F, Peluso M, et al. Multi-factor dimensionality reduction
applied to a large prospective investigation on gene-gene and
gene-environment interactions. Carcinogenesis. 2007;28:414-22.
Andrew AS, Nelson HH, Kelsey KT, Moore JH, Meng AC,
Casella DP, Tosteson TD, Schned AR, Karagas MR. Concor-
dance of multiple analytical approaches demonstrates a complex
relationship between DNA repair gene SNPs, smoking and
bladder cancer susceptibility. Carcinogenesis. 2006;27:1030-7.



	CYP1A2 polymorphisms, occupational and environmental exposures and risk of bladder cancer
	Abstract
	Introduction
	Materials and methods
	Study population
	Sample size estimation
	Data collection
	Genotyping
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


