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Glycine N-methyltransferase Affects Urinary 1-Hydroxypyrene

and 8-Hydroxy-2’-Deoxyguanosine Levels after PAH Exposure

Objectives: The object of this study is to assess the modulating effects of genetic
polymorphisms of Glycine N-methyltransferase (GNMT) genotypes on 1-hydroxypyrene
(1-OHP) and 8-hydroxy-2’-deoxyguanosine (8-OHdG) in urine from coke-oven workers,

consistently exposed to polycyclic aromatic hydrocarbons (PAHS).

Methods: The study participants included 289 coke oven workers from a steel
company in Taiwan. Personal air samples, spot urine samples, peripheral blood
samples and questionnaires were used to collect PAH exposure, oxidative DNA
damage, genetic polymorphisms of GNMT, demographic data, and environmental

pollutants.

Results: Urinary 1-OHP, GNMT STRP1 genotype, worksite were significant

predictors of urinary 8-OHdG levels after adjustments are made for covariates.

Conclusions: This study suggests that GNMT STRP1 could modulate urinary 1-OHP

and 8-OHdG levels in coke oven workers exposed to high levels of PAHSs.



Introduction

Polycyclic aromatic hydrocarbons (PAHS), a group of toxic and lipophilic compounds,
are formed during incomplete combustion of organic material and are by-products of
coal and coke gasification when coal is pyrolyzed into coke. Thus, coke oven
workers (COWSs) are likely exposed to PAHs from coke oven emissions (COES).
Long-term exposure to COEs with PAH concentrations has been associated with
increased risks of cancer, especially the lung cancer.! For example, topside coke-oven
workers with occupational exposure over 15 years had a 16-fold increase in risk of
developing lung cancer as compared to the general population.?

Measurement of urinary metabolites, as a marker of internal dose, is an important
way of assessing PAH exposure and its health consequences, since such an approach
takes into account all absorption routes and metabolism pathways of exogenous
compounds. Pyrene is a useful indicator of environmental and occupational exposure
to PAHSs since it is abundant in most of PAH mixtures. Pyrene is absorbed through the
lung and/or skin and then metabolized to 1-hydroxypyrene (1-OHP), which is
ultimately excreted in urine. Urinary 1-OHP has been widely used as a biomarker to
reflect recent occupational exposure to PAHs in firefighters,® iron foundry workers,*
coke oven workers>® and restaurant workers.”®

PAHSs in biological system are capable of generating reactive oxygen species, which



may cause oxidative damage to nucleic acids, proteins and lipids.
8-hydroxy-2’-deoxyguanosine (8-OHdG) is the most common DNA lesion that is
induced by the reaction of hydroxyl radicals with guanosine at the C-8 position in
DNA.? DNA damage may be repaired by the base excision repair pathway, and the
resulting repair product, urinary 8-OHdG, is affected by neither diet nor cell
turnover.® The measurement of urinary 8-OHdG is useful in evaluating risks of lung
cancer™! and other oxidative stress-related diseases.*?

The multi-functional protein, glycine N-methyltransferase (GNMT, EC2.1.1.20,
localized to chromosome 6pl12), affects genetic stability by regulating the ratio of
S-adenosylmethionine (SAM) to S-adenosylhomocystine,”> and interacting with
environmental carcinogens, such as benzo(a)pyrene (BaP).* Our recent studies
showed that GNMT may protect cells from attacks by PAHSs, such as BaP, by
inhibiting DNA-adduct formation™ and altering detoxification pathway geneotype
expression profiles."® We have recently identified three variants including a GA
di-nucleotide short tandem repeat polymorphism (STRP1), one GAGT tetra-nucleotide
insertion or deletion (INS/DEL) polymorphism, and a single nucleotide polymorphism
(SNP1; rs10948059) in the promoter region of GNMT.Y” These three variants
exhibited strong linkage disequilibrium between any two loci of the three

polymorphic sites.”® Also, they are related to the susceptibility of hepatocellular



carcinoma and prostate cancer.'” *® Furthermore, the luciferase reporter gene assay
has shown that the three variants are related to GNMT expression.” *® Therefore,
genetic polymorphisms may affect GNMT expression, which, in turn, may vary the
degree of cancer risk and susceptibility to environmental carcinogens.

To our knowledge, no previous study has assessed the modulating effect of GNMT
on urinary 1-OHP and 8-OHdG in PAH exposure workers. Therefore, we designed a
cross-sectional study to investigate the modulating effect of polymorphisms at STRP1,
INS/DEL and SNP rs10948059 of GNMT on the levels of urinary 1-OHP and 8-OHdG
in coke-oven workers exposed to high levels of PAHs. We examined the correlation
between GNMT polymorphisms and PAH exposure by comparing urinary biomarker
levels and genotypic frequencies. Finally, we examined whether demographic
parameters, such as cigarette smoking, alcohol consumption and vitamin supplement
consumption, were predictors for modifying the effect of GNMT polymorphisms on

exposure to PAHSs.

Materials and Methods

Study Subjects
A total of 382 male coke-oven workers, employed for at least one year at two

coke-oven plants in a steel company in Taiwan, have participated in an annual health



examination since 2005. These two coke-oven plants were beside each others and had
the same manufacture process. During the health check-ups, trained interviewers
collected a questionnaire survey from the participants. The survey included their
socieo-demographics, work experience, cigarette smoking, alcohol consumption, and
taking vitamin supplements. Cigarette smoking, alcohol consumption, and vitamin
supplement consumption were deemed positive if any behavior occurred at least four
days per week. Due to work commitments, 93 workers could not complete both
questionnaire survey and health examination and were excluded from this study.
That left a remaining total of 289 (response rate = 76%) coke oven workers for further

examination of genetic polymorphism evaluation.

Based on job titles obtained from responses to the questionnaire survey, the 289 coke
oven workers were classified into two groups to represent high and low exposure to
PAHs. The topside-oven workers included, lidmen, tar chasers, and larry car operators,
who were exposed to relatively high PAH levels in the coke oven plants. The
side-oven workers included wharfmen, door repairmen, benchmen, coke side machine
operators, quenchers, pushers, body repairmen, supervisors, heaters, and temperature
controllers, who were exposed to low PAH levels in the coke oven plant *°. The single
blood and spot urine samples from the subjects were collected in post-work shifts during
the weekend. All participants were asked to wash their hands before urine collection
to prevent contamination. The Institutional Review Board of the National Yang-Ming
University in Taiwan approved the study. Informed consent was obtained from all of

the subjects.



Exposure Measurement

We quantified human subject exposure to PAHs by using a combination of personal
dosimetry and biomonitoring of 1-OHP and 8-OHdG in urine.
Particulate PAHs

For personal dosimetry, personal breathing zone air samples were collected to
determine external PAH exposure to coke-oven workers.  This approach can accurately
quantify PAH intake from inhalation and eliminate interference from the samplers
themselves, which may have an impact on the workers’ activities. The personal
breathing zone samples were collected from 20 topside-oven workers and 20 side-oven
workers. The sampling took place from 7:00 to 3:00 p.m. over two consecutive
workdays. 10M (Institute of Occupational Medicine, England) samplers with glass
fiber filters (diameter: 25mm, pore size: 0.7 um) at a flow rate of 2.0 L/min were used for
the particulate PAH sampling. Duplicate samples were obtained for each personal
sampling. Total PAH exposure and exposure to 16 targeted PAHs (naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, pyrene, fluoranthene,
benzo(a)anthracene, chrysene, Benzo(b)fluoranthene, benzo(k)fluoranthene, BaP,
indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene, benzo(ghi)perylene identified as priority
pollutants by the U.S. Environmental Protection Agency (EPA) were analyzed using a
gas chromatogram quadruple mass spectrometer (GC/MS) with an automatic sampler
system.” The detection limits were determined by conducting seven repeated analyses of
the lowest standards of each PAH species. The detection limits of the 16 PAHSs ranged
from 6.1 ng for dibenzo(a,h)anthracene to 9.0 ng for phenanthrene. The coefficient of
variation among these repeated analyses was less than 2% for all 16 PAHSs.
Urinary 1-OHP and 8-OHdG

As indicated earlier, spot urine samples were collected from human subjects in



post-work shifts during the week. Immediately after collection, samples were stored
at -80°C until analysis. Urinary 1-OHP was analyzed using HPLC with a
fluorescence detector. The detection limit was about 0.1 pg/L, based on seven
repeated analyses of 1-OHP at 15.0 pg/L, and the variation in the coefficients from the
repeated analyses of urinary 1-OHP was less than 10%. Urinary 8-OHdG level was
measured using an HPLC/MS/MS, as described elsewhere.?® A detection limit of 5.7
ng/L was obtained using seven repeated analyses of deionized water. The

coefficients of variation in inter-day and intra-day tests were less than 5%.
DNA extraction from peripheral blood lymphocytes

A 5-ml sample of peripheral blood, collected in 7.5% EDTA tubes, was obtained
from each subject during the weekend. Peripheral blood lymphocytes (PBL) samples
were prepared immediately and stored at -80°C until extraction of the genomic DNA.
Genomic DNA was obtained by conventional phenol/chloroform extraction, followed

by ethanol precipitation, and stored at -20°C until use for genotyping.



GNMT Genetic Polymorphism Determination

GeneScan Analysis

Fragment analysis was used for detection of the STRP1 polymorphism. Primers for

the STRP1 marker were forward: 5’-FAM-CAAGTTGGAAAGGAAGGAGGAGAG,;

and reverse: 5’-GCGAGCCAGCCAGCAGAAAGA. The forward primer was

labeled with fluorescence. Polymerase chain reaction (PCR) amplification was

carried out using 1.0 ng/uL PBL DNA, 1.0 unit of AmpliTaq Gold (Applied

Biosystems, Foster City, CA), 0.5uM of each primer, 0.5 mM deoxynucleotides, and

2.5 mM MgCl; in a total reaction volume of 20uL. The PCR thermal profile was

93°C for 10 min to activate the AmpliTag Gold, followed by 35 cycles consisting of

94°C for 30 s, 64°C for 30 s, and 72°C for 30 s. The final elongation was at 72°C

for 60 min.

Primers used for genotyping of the INS/DEL marker were forward:

5’-HEX-GCACAAACAAAGCAAGAAAG; and reverse:

5’-ATGCCCGCCATTAATAAC. The forward primer was labeled with fluorescence.

PCR amplification was carried out using 1.0 ng/uL PBL DNA, 1.0 unit of AmpliTaq

Gold, 0.5uM of each primer, 0.5 mM deoxynucleotides, and 2.5 mM MgCl; in a total

reaction volume of 20uL. The PCR thermal profile was 93°C for 10 min to activate

the AmpliTag Gold, followed by 10 cycles consisting of 94°C for 30 s, 62°C for 30 s,



and 72°C for 30 s, and 20 cycles consisting of 89°C for 30 s, 62°C for 30 s, and 72°C

for 30 s. The final elongation was at 72°C for 60 min.

PCR for both STRP1 and INS/DEL was performed using a GenotypeAmp PCR

9700 thermocycler (Applied Biosystems, Foster City, CA). PCR product

electrophoresis was performed with an ABI 377 PRISM sequencer (Applied

Biosystems, Foster City, CA). Fluorescent signals from different size alleles were

analyzed using GeneScan and Genotyper software (Applied Biosystems, Foster City,

CA). In GNMT STRP1, the number of GA repeats ranged from 10 to 20, with the

most common genotypes being 16 GA repeats. Therefore, a cutoff point of 16 GA

repeats was used during genotyping.

TagMan assay

The TagMan Allelic Discrimination method was used for the detection of SNP1.
The primers used for detecting SNP1 were forward: GCGCGCTCACCTGCTATT and
reverse: GGAGCGGGTCCGGTACAC. The allelic-specific fluorogenic probes were
VIC-TCCGCACTTAAAGCATAAGCACTGCT-TAMRA for C allele and
6-FAM-CTC6CCGCACTTAAAACATAAGCACT-TAMRA for T allele of SNP1
(antisense). Each PCR reaction mixture contained 2.5 pl 10x Buffer A, 3.5 pL 25 mM
MgCly, 2 uL 200 uM dNTPs, 3 uL 2.5 uM primers, 1 pL 5 uM Probe 1, 1 pL Probe 2,
0.125 pL 5 units/puL TaqGold, 9.375 pL water, and 2.5uL 10 ng DNA. The thermal
profile was 95°C for 5 min, followed by 40 cycles consisting of 95°C for 15 s and
64°C for 1 min. Plates were read in an ABI PRISM 7700 Sequence Detection

System (Applied Biosystems, Foster City, CA), and results analyzed using the Allelic



Discrimination software.

Statistical Methods

Personal intake PAHs, urinary 8-OHdG, and 1-OHP levels were first
log-transformed to normalize their distributions before the Student t test, one-way
analysis of variance (ANOVA) with the Scheffe mean comparison test or regression
analysis was performed. The Student t test and Chi-Square statistics were used to
compare the personal covariates. Non-parametric Mann-Whitney U tests were
conducted to compare the PAH levels of the topside-oven workers and side-oven
workers. Spearman correlation analysis was employed to evaluate the correlation
between urinary 8-OHdG and 1-OHP levels.

Multiple linear regression models were conducted to assess the relationship among
workers’ urinary 1-OHP and 8-OHdG levels, and GNMT genetic polymorphisms.
A level of 0=0.05 was considered for statistical significance in all tests. All
statistical analyses were performed using the Statistical Package for the Social

Sciences software package (version 12.0).

Results

Table 1 summarizes the descriptive statistics of 289 coke oven workers by job title.
These workers regularly work six days per week and eight hours per day. Smoking
status and working years for side-oven workers and topside-oven workers
significantly differed. In contrast, age, BMI, alcohol consumption, and taking
vitamin supplements did not differ significantly between these two groups. The

frequency of heterozygous genotypes at <16/<16, <16/>16, and >16/>16 GA repeats
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were significantly different between these two groups. In GNMT INS/DEL, the

alleles had either GAGT tetranucleotide insertion (INS) or deletion (DEL) genotype.

The genotypic frequencies for DEL/DEL, INS/DEL and INS/INS were not

significantly different between these two groups. The genotypic frequencies of

GNMT SNP1 for C/C, C/T, and C/T were significantly different between side-oven

workers and topside-oven workers. The geometric mean 1-OHP and 8-OHdG levels

of topside-oven workers significantly exceeded those of side-oven workers using

Student’s t test, as shown in Table 1. After stratifying data with smoking status,

urinary 8-OHdG and 1-OHP of topside-oven workers remained significantly different

from those of side-oven workers.

The personal PAH exposure data are shown in Table 2. Workplace personal
breathing samples were collected from 20 topside-oven workers and 20 side-oven
workers. Each personal measurement was an average of duplicate samples collected
on two consecutive working days. Due to the limited sample size, non-parametric
Mann-Whitney U tests were used to compare the PAH exposure between these two
groups. Of the 16 targeted PAHS, the air levels of 13 U.S. EPA-targeted PAH species
and total PAHs were significantly higher in the topside-oven site than in the side-
oven site.

Urinary 1-OHP is a metabolite of pyrene, which is one of the many chemicals in PAHSs.
Accordingly, the extent to which pyrene correlates with the other PAHs-related chemicals
is important given these other chemicals are likely causes of most of the oxidative stress.

Therefore, a Spearman correlation analysis was used to investigate correlations between

11



average pyrene levels and average levels of other PAHs. Pyrene levels were
significantly correlated with acenaphthylene, phenanthrene, pyrene, benzo(a)anthracene,
Benzo(b)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, benzo(ghi)perylene and
total PAHs in coke oven workers’ personal breathing air (Table 3).

Table 4 compares urinary levels of 8-OHdAG and 1-OHP by GNMT polymorphism
using ANOVA with the Scheffe mean comparison test. Overall, the geometric mean
1-OHP and 8-OHdG levels of workers with STRP1 >16/>16 GA repeats genotype were
significantly higher than those workers with STRP1 <16/<16 GA repeats genotype
(P<0.001). The urinary 8-OHdG levels of workers with STRP1 <16/>16GA repeats
genotype were significantly higher than those workers with STRP1 <16/<16 GA
repeats genotype (P<0.01). The urinary 1-OHP levels of side-oven workers with
STRP1 <16/>16GA repeats genotype were also significantly higher than side-oven
workers with STRP1 <16/<16 GA repeats genotype (P<0.001). However, there was
no significant difference in urinary 1-OHP levels between side-oven workers with
STRP1 >16/>16 GA repeats genotype and with STRP1 <16/>16GA repeats genotype
(P >0.05). The urinary 1-OHP levels of topside-oven workers with STRP1
> 16/>16GA repeats genotype were significantly higher than those workers with
STRP1 <16/>16 GA repeats genotype (P<0.001). No statistically significant
differences in 1-OHP levels were found among workers with INS/DEL genotypes or
SNP1 genotypes (P > 0.05). No statistically significant differences for 8-OHdG levels
were also found among workers with INS/DEL genotypes or SNP1 genotypes (P >
0.05).

Table 5 presents the results of multiple linear regression models for predictors of
urinary 1-OHP and 8-OHdG levels in coke oven workers. The urinary 1-OHP levels in

coke-oven workers with both the STRP1 <16/>16 GA repeats genotype and >16/>16

12



GA repeats genotype significantly exceeded those of workers with the STRP1 <16/<16
GA repeats genotype. However, smoking status, alcohol consumption, taking vitamin
supplements, working years, age and BMI were not significant predictors of urinary
1-OHP levels in the coke-oven workers. Urinary 1-OHP, GNMT STRP1 genotype,
and worksite were significant predictors of urinary 8-OHdG levels in the models
adjusted for other personal covariates. The urinary 8-OHdG levels in coke-oven
workers with both the STRP1 <16/>16 GA repeats genotype and >16/>16 GA repeats
genotype significantly exceeded those of workers with the STRP1 <16/<16 GA repeats
genotype. The urinary 8-OHdG levels of the topside-oven workers significantly
exceeded those of the side-oven workers (p < 0.001). The increase in urinary 1-OHP
was significantly related to the increase in urinary 8-OHdG. Working at a topside-oven
still had an effect after controlling for the effect of urinary 1-OHP in our models.
However, smoking status, alcohol consumption, taking vitamin supplements, working
years, age and BMI were not significant predictors of urinary 8-OHdG levels in the

coke-oven workers.

Discussion

Our results showed that personal uptake of BaP, total PAH, and urinary 1-OHP
levels significantly and positively correlated with pyrene levels. Both Student’s t tests
and multiple linear regression models indicated that the urinary 1-OHP level of
topside-oven workers was significantly higher than that of side-oven workers. This
could be because topside oven workers had been exposed to significantly higher
levels of particulate PAHs than side oven workers using a personal air-sampling
device. These findings indicate that urinary 1-OHP is a sensitive internal dose of

exposure to PAHs among coke oven workers.
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Even though one cigarette contains about 50-200 ng of pyrene,? cigarette smoke
did not significantly influence urinary 1-OHP levels in this study.  The similar
finding was observed in a previous study on urinary 1-OHP of coke oven workers.®
Conversely, a significantly higher level of urinary 1-OHP was found among smoking
workers (n=44) compared to nonsmokers (n=44) at a steel plant.?* Because the
relationship between cigarette smoking and urinary excretion of 1-OHP in
occupational studies has been inconsistent, further studies are needed to clarify the
relationships among smoking, occupational PAH exposure, and urinary levels of
1-OHP.

Workers with GNMT STRP1 >16/>16 GA repeats genotype had higher urinary
1-OHP levels than those workers with STRP1 <16/<16 GA repeats genotype after
adjustments were made for other covariates. This suggests urinary 1-OHP levels could
be modulated by GNMT STRP1. Furthermore, smoking, alcohol consumption, taking
vitamin supplements, working years, age and BMI were not significant predictors of
urinary 1-OHP. This finding is consistent with a previous study of urinary 1-OHP in

male restaurant workers .2

Multiple regression analysis revealed that urinary 1-OHP, GNMT STRP1 genotype
and worksite were significantly correlated with urinary 8-OHdG levels, such as,
urinary 1-OHP and work at topside-oven may be served as good indicators of
exposure to PAHs for predicting oxidative stress in workers at coke oven plants. It has
been indicated that PAHs probably exert their biological effects through the
generation of reactive oxygen species.?? These reactive oxygen species can lead to the
formation of oxidative damage to DNA.?> Among the most abundant oxidatively

14



damaged DNA is 8-OHdG which was found to induce mutation through G to T
transversion.? In this study, we found that coke-oven workers subjected to higher PAH
exposure had increased oxidative damage as reflected by higher 8-OHdG levels. This
finding is consistent with several occupationally related epidemiological studies in
workers exposed to PAHs from a variety sources such as cooking oil fumes,’
asbestos®, fire,> and benzene.?

Urinary 8-OHdG is considered to arise from three sources: repair products of
oxidized DNA, removal of oxidized dG in the neucleotide pool, and cell turnover.
This reveals that urinary 8-OHdG represents average oxidative DNA damage level
throughout the body.?’ In this study, we found that adverse oxidative responses to PAH
exposure, reflected in elevation of urinary 8-OHdG levels, were aggravated in coke
oven workers with GNMT STRP1 >16/>16 GA repeats genotype or STRP1 <16/>16
GA repeats genotype. These findings support the concept that STRP1 >16/>16 GA
repeats genotype and STRP1 <16/>16 GA repeats genotype may impart greater
susceptibility to PAH-associated oxidative stress effects.

BaP is one of many PAHs that have been identified as major factors for developing
cancers. A previous study found a positive association between BaP levels and urinary
8-OHdG in restaurant workers.”® Epidemiologic studies indicate an increase in

incidence of cancer among workers exposed to PAHs,?® even when the exposure  to

15



BaP was below the permissible exposure limit of US Occupational Safety and Health
Administration (OSHA) Standards: 0.2 mg/m®.*° For example, a significant positive
correlation exists between DNA adducts in lymphocytes and BaP (from 2 to 62,107
ng/m°) in the inhaled air of coke oven workers.®® Furthermore, Nilsson noted
increased urinary 8-OHdG in engine room personnel exposed to PAHs.*! Moreover, a
previous study demonstrated that GNMT may protect cells from attacks by
environmental carcinogens such as BaP through direct interaction.** Another previous
study demonstrated that GNMT sequestered BaP, diminished BaP’s effects to the liver
detoxicication pathway and prevented subsequent cytotoxicity.”® In this study, we
found that GNMT STRP1 <16/<16 GA repeats genotype could reduce levels of
urinary 1-OHP and 8-OHdG. The fact that urinary 1-OHP is a metabolite of PAHs and
is significantly and positively correlated with BaP, and 1-OHP has a significant
positive correlation with 8-OHdG, suggests that GNMT STRP1 <16/<16 GA repeats
genotype may reduce the effects of exposure to PAH in coke oven workers. According
to our previous report, a GNMT promoter with shorter than 16 GA repeats has shown
higher expression levels than a GNMT promoter with > 16 GA repeats.'” Higher
GNMT promoter activity was correlated with lower urinary 1-OHP and 8-OHdG
levels. It provides the evidence that GNMT may play an important role in cells to

defend against the PAHs attacks.
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The use of worksite as an independent predictor of 8-OHdG in multiple linear
regression models reveals that coke oven workers may be exposed to other
unmeasured hazards, such as benzene,”® and phenol.** Our findings suggest that
topside-oven workers are more likely to have oxidative stress than side-oven workers,
which can be attributed to factors other than their urinary 1-OHP levels. Conversely,
smoking, alcohol consumption, taking vitamin supplements, working years, age and
BMI were not significant predictors of urinary 8-OHdG levels in the coke oven
workers. This finding is consistent with a previous study of urinary 8-OHdG in

restaurant workers.’

There were inconsistent findings regarding the influence of smoking status on
8-OHdG. Loft et al., showed that smokers excrete about 30-50% more 8-OHdG than
nonsmokers.?** However, this study found that smoking did not significantly affect
urinary 8-OHdG levels. This finding is consistent with a previous study of urinary

8-OHdG levels in coke oven workers.®

Multiple vitamins contain antioxidants, such as vitamin C, that can protect DNA
from the damage of oxidative stress.* Cooke et al. examined 8-OHdG in
mononuclear cell DNA, serum and urine from subjects undergoing supplementation
with 500 mg/day of vitamin C. They found that significant decreases in DNA levels of
8-OHdG correlated strongly with increases in plasma vitamin C levels.** However,
this study found that coke oven workers who took vitamin supplements did not reduce
urinary excretion of 8-OHdG. This finding is consistent with a previous study of

urinary 8-OHdG levels in 116 non-smoking coke-oven workers.®
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Some studies have shown an inverse relationship between urinary 8-OHdG levels
and both age and BMI, possibly because older or leaner individuals have higher
metabolic rates than younger or obese individuals.”®** However, this study did not
determine that age or BMI influenced urinary 8-OHdG levels. The results herein are
consistent with an earlier study of firefighters.?

This study has certain limitations. First, other unmeasured data concerning coke

oven emissions, such as levels of benzene,?* and phenol®

were lacking, possibly
confounding the results concerning oxidative stress. The other limitation was the lack
of data on the exposure to PAHSs outside occupational settings, such as from vehicle
traffic emissions. However, the coke oven workers herein spent about eight hours
daily at coke oven plants, including work and rest periods, but less than one hour
daily in traffic. The contribution of traffic sources to PAH exposure of coke oven
workers is thus assumed to be limited. Regardless of this limitation, this study

concluded that urinary 1-OHP and 8-OHdG in coke oven workers could be modulated

by GNMT STRP1.

An earlier animal study suggested that BaP may affect DNA methylation via
interaction with DNA methyltranferase and GNMT and thus contribute to a
carcinogenic pathway.** Another study demonstrated that GNMT may have a

protective effect against the exposure to carcinogens by decreasing DNA adduct
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formation.*® This study found that GNMT STRP1 >16/>16 GA repeats genotype and
STRP1 <16/>16 GA repeats genotype may increase susceptibility to PAH-associated
oxidative stress effects. Conversely, urinary 8-OHdG could be reduced in coke-oven
workers with STRP1 <16/<16 GA repeats genotype. Furthermore, urinary levels of
8-OHdG have been used to evaluate oxidative stress status in cancer patients with
lung, bladder, prostate, and breast cancers showed higher urinary levels of 8-OHdG.>"
%8 Thus, this study provides evidence that genetic polymorphisms of GNMT may
affect its expression and modulate PAH-associated oxidative stress regarding cancer

risk in coke oven workers.

Conclusion

In conclusion, this study proves that urinary 1-OHP and 8-OHdG in coke oven
workers could be modulated by GNMT STRP1 genotype. This study also provides
evidence that genetic polymorphisms of GNMT may affect its expression and

modulate PAH-associated oxidative stress regarding cancer risk in coke oven workers.
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Table 1

TABLE 1

Descriptive Statistics for 289 Coke Oven Workers by Job Title

Personal characteristics, Mean + SD Side-oven workers Topside-oven workers P value
(n=181) (n=108)
Age (years) 44.8+9.5 445+8.3 0.788
BMI (kg/m?) 249+98 24.3+3.7 0.500
Work duration (years) 175+12.4 13.0+7.1 0.001
Health behaviors, n (%)
Smoking 80 (44.2%) 65 (60.7%) 0.007
Alcohol consumption 38 (21.0%) 18 (16.7%) 0.368
Taking vitamin supplements 68 (37.8%) 29 (26.9%) 0.058
GNMT genotypic frequencies
STRP1 <0.001
<16GA/<16GA 53(29.3%) 23 (21.3%)
<16GA/>16GA 75 (41.4%) 26 (24.1%)
>16GA/>16GA 53 (29.3%) 59 (54.6%)
INS/DEL 0.219
DEL/DEL 74(41.1%) 55(50.9%)
INS/DEL 79(43.9%) 42(38.9%)
INS/INS 27(15.0) 11(10.2%)
SNP1 0.018
C/IC 92(50.8%) 68(63.0%)
CIT 71(39.2%) 25(23.1%)
T/IT 18(10.0%) 15(13.9%)
Urinary1-OHP, GM (GSD) 9.3(3.5) 66.6(3.5) <0.001
Urinary 8-OHdG, GM (GSD) 55(3.1) 16.4 (2.4) <0.001

GM: geometric mean, GSD: geometric standard deviation.



Table 2

TABLE 2

Comparisons of PAH Levels Between Side-oven Workers and Topside-oven Workers

Side-oven workers (n=20)  Topside-oven workers (n=20)
PAH (ng/m3) ] ] P value*
Median GM (GSD) Median GM (GSD)

Naphthalene 593.7 401.8 (2.5) 124.7 505.3 (3.0) 0.477
Acenaphthylene 158.0 144.0 (1.7) 221.7 209.0 (2.0) 0.065
Acenaphthene 52.9 53.9 (1.3) 71.0 64.5 (1.3) 0.038
Fluorene 225.3 232.9 (1.9) 222.9 300.5 (1.9) 0.212
Phenanthrene 15.7 23.9 (4.8) 112.7 148.1 (8.2) 0.003
Anthracene 211.6 139.5 (4.8) 410.6 406.1 (1.9) 0.001
Fluoranthene 94.2 97.8 (2.8) 323.7 308.5(2.0) <0.001
Pyrene 227.0 178.9 (2.7) 1220.0 543.4 (2.1) <0.001
Benzo(a)anthracene 2103.2 1568.6 (2.0) 3019.6 2707.6 (1.5) 0.005
Chrysene 241.8 159.5(2.6) 446.0 419.6 (1.4) <0.001
Benzo(b)fluoranthene 56.9 56.8 (5.0) 313.0 260.4 (1.2) 0.002
Benzo(k)fluoranthene 139.1 130.7 (1.7) 260.6 213.0(2.1) 0.021
Benzo(a)pyrene 247.2 222.2 (2.2) 577.3 487.4 (1.7) 0.001
Indeno(L.2,3-cd)pyrene 42.8 275(7.2) 3113 194.2 (3.4) 0.001
Dibenzo(a hanthracene 72.7 249 (6.7)  216.2 196.0 (1.3) <0.001
Benzo(ghi)perylene 33 86(46) 1195 479 (5.4) 0.002

49428 42104 (16) 92109 86215 (1.5) <0.001

Total PAHs

GM: geometric mean, GSD: geometric standard deviation.
“Mann-Whitney U tests.






Table 3

TABLE 3
Correlation Between Urinary 1-Hydroxypyrene (1-OHP) and Polycyclic Aromatic
Hydrocarbons (PAHSs) in Coke Oven Workers (n=40)

1-OHP
PAHs r P value*
Naphthalene 0.098 0.546
Acenaphthylene 0.541 <0.001
Acenaphthene 0.312 0.050
Fluorene 0.012 0.942
Phenanthrene 0.592 <0.001
Anthracene 0.189 0.244
Fluoranthene 0.306 0.055
Pyrene 0.330 0.038
Benzo(a)anthracene 0.354 0.025
Chrysene 0.126 0.438
Benzo(b)fluoranthene 0.314 0.048
Benzo(k)fluoranthene 0.063 0.701
Benzo(a)pyrene 0.414 0.008
Indeno(1,2,3-cd)pyrene 0.160 0.323
Dibenzo(a,h)anthracene 0.320 0.044
Benzo(ghi)perylene 0.343 0.030
Total PAHs 0.452 0.003

* P value calculated using Spearman correlation analysis.



Table 4

TABLE 4

Comparison by GNMT Genotypic Polymorphism of Urinary 1-Hydroxypyrene (1-OHP) and 8-Hydroxy-2’-deoxyguanosine (8-OHdG) Levels (ug/L)

in 289 Coke Oven Workers at Coke Oven Plants

GNMT genotypic polymorphism

STRP1 INS/DEL SNP1
Markers Work site <16GA/<16GA  <16GA/>16GA  >16GA/>16GA DEL/DEL  INS/DEL INS/INS c/IC CIT TIT

1-OHP, GM(GSD)  Side-oven workers - N

(n=181) 5.2 (3.7) 10.2(2.9) 14.7 (3.4) 10.7 (3.7) 7.8(3.3) 10.6(3.6) 9.1(3.8) 9.7(3.3) 9.0(2.6)

n=

Topside-oven workers it

(n=108) 30.1 (1.6) 43.2 (2.0) 109.7 (1.5) 72.7(16) 57.0(1.8) 77.6(2.0) 69.9(1.6) 715(2.1) 47.4(1.6)

n=

All (n=289) 8.8 (4.4) 14.8 (3.9) 424 (4.4)"  240(47) 156(48) 189(52) 21.7(50) 16.3(49) 19.2(3.7)
8-OHdG, GM(GSD) Side-oven workers . R

3.2(3.7) 6.2(2.8)" 7.5 (2.5) 58(27) 52(3) 57(6) 54331 56(3.1) 59(3.3)

(n=181)

Topside-oven workers . ;

(n=108) 8.2 (1.7) 15.8 (1.3) 21.7 (1.3) 17.0(1.4) 16.0(1.6) 145(1.7) 16.4(15) 14.7(15) 19.2(1.3)

n=1

All (n=289) 45 (3.9) 79(2.8)" 131 (26)* 9228 7735 74337 87(32 72(3.2) 10.1(3.0)

* Urinary 1-OHP levels in workers with STRP1 at >16GA/>16G repeats genotype significantly exceeded those with <16GA/>16GA repeats genotype, or

those with <16GA/<16GA repeats genotype.

* Urinary1-OHP levels in workers with STRP1 at >16GA/>16G significantly exceeded those with <16GA/ >16GA repeats genotype.

" Urinary 8-OHdG levels in workers with STRP1 at >16GA/>16G or at<16GA/ >16GA repeats genotype significantly exceeded those with <16GA/<16GA

repeats genotype.

* Urinary 8-OHdG levels in workers with STRP1 at >16GA/>16G significantly exceeded those with <16GA/ >16GA repeats genotype.

GM: geometric mean, GSD: geometric standard deviation.



Table 5

TABLE 5

Multiple Linear Regression Analysis: Predictors of Urinary 1-hydroxypyrene (1-OHP)

and 8-hydroxy-2’-deoxyguanosine (8-OHdG) in 289 Coke Oven Workers at Coke Oven Plants

Predictors

Logye 1-OHP (ug/L)

Logso8-OHdG (ug/L)

Regression coefficient

(95% Confidence interval)

Regression coefficient
(95% Confidence interval)

STRP1 genotype
<16GA/>16GA VS <16GA/<16GA
>16GA/>16GA VS <16GA/<16GA

Work site (Topside-oven workers vs.

side-oven workers)
Smoking (Yes vs. no)

Alcohol consumption (Yes vs. no)
Taking vitamin supplements

(Yes vs. no)

Working years (years)

Age (years)

BMI (kg/m?)

Logig 1-OHP (ug/L)

0.252 (0.097 to 0.407)*

0.525 (0.369 to 0.681 )**
0.736 (0.603 to 0.869 )***

0.058 (-0.066 t0 0.182 )
0.020 (-0.138 t0 0.178 )
-0.056 (-0.183 to 0.072)

0.003 (-0.002 to 0.009)
-0.003 (-0.010 to 0.004)

-0.001 (-0.009 to 0.006)

0.189 (0.060 to 0.317)**
0.232 (0.096 to 0.368)**
0.238 (0.109 to 0.367)***

0.066 (-0.035 to 0.167)
0.052 (-0.077 to 0.180)
-0.014 (-0.118 to 0.089)

0.001 (-0.004 to 0.005)
0.001(-0.005 to 0.006)

-0.003 (-0.009 to 0.003)
0.264 (0.168 to 0.360)***

* P<0.05
** P<0.01
*** P<0.001



