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Abstract

Background: Coke oven workers are exposed to polycyclic aromatic hydrocarbons (PAHs)
with possible genotoxicity and carcinogenicity. Metabolizing enzymes genes and DNA repair
genes are suspected to be correlated with the level of DNA damage. They may contribute to
variable individual sensitivity to DNA damage induced by PAHs exposure at workplace.

Objective: To investigate the relationship between biomarkers of PAHs: 1-hydroxypyrene
(1-OHP), DNA adducts, and 8-hydroxy-2-deoxyguanosine (8-OHdG) in coke oven workers,
and to assess the role of cytochrome P2E1 (CYP2E1) gene expression and DNA repairing gene
(XRCC1) polymorphism in detecting workers at risk.

Methods: 85 exposed workers and 85 unexposed controls were enrolled into this study.
Urinary 1-OHP, 8-OHdG, and BPDE-DNA adduct were measured. CYP2E1 gene expression and
genotyping of XRCC1 399 Arg/GIn were evaluated by real-time PCR.

Results: The median urinary 1-OHP levels (6.3 pmol/mol creatinine), urinary 8-OHdG (7.9
ng/mg creatinine), DNA adducts (6.7 ng/ug DNA) in the exposed group were significantly
higher than those in the unexposed group. Carriers of the variant allele (GIn) of XRCC1 had
the highest levels of 1-OHP, DNA adducts and 8-OHdG, and the lowest level of CYP2E1 gene
expression. In exposed workers, significant positive correlations were found between 1-OHP
level and each of the work duration, 8-OHdG, and DNA adducts levels. There was a significant
negative correlation between 1-OHP level and CYP2E1 gene expression. Work duration and
CYP2E1 gene expression were predictors of DNA adducts level; 1-OHP level and work duration
were predictors of urinary 8-OHdG level.

Conclusion: Workers with higher exposure to PAH were more prone to oxidative DNA dam-
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age and cancer development. DNA adducts level reflects the balance between their production

by CYP2E1 and elimination by XRCC1 gene.

KeyWOI'dS: Bay-Region, polycyclic aromatic hydrocarbon; 1-hydroxypyrene-glucuronide
[Supplementary concept]; DNA adducts; 8-oxo-7-hydrodeoxyguanosine [Supplementary
concept]; Cytochrome P-450 CYP2E1; X-ray repair cross complementing protein 1; Polymor-

phism, genetic

Introduction

sands of compounds are formed by

destructive distillation of coal in the
coke ovens. Many of these compounds are
polycyclic aromatic hydrocarbons (PAHs)
which are complex mixtures of more than
100 compounds that contain fused ben-
zene rings. The main routes of occupation-
al exposure to PAHs are the skin contact
and inhalation.' The International Agency
for Research on Cancer (IARC) classifies
coke oven emissions as a group-I human
carcinogen.?

Pyrene, a type of PAHs that is formed by
four benzene rings, is considered a human
carcinogen and is always present in PAHs
mixtures. Pyrenes metabolized to 1-hy-
droxypyrene (1-OHP) and then eliminated
into urine and feces.? Urinary 1-OHP levels
are highly correlated to total PAHs levels
in ambient air and to the skin contamina-
tion level.# Therefore, 1-OHP urinary level
is widely used as a metabolite for biologi-
cal monitoring of occupational exposure to
PAHs among coke oven workers.>® Coal tar
contains benzo[a]pyrene (BaP), one of the
most studied PAHs. It is a potent human
immunosuppressive,  pro-inflammatory
and carcinogen agent.” Its carcinogenic-
ity starts after phase I biotransformation
mediated by the cytochrome P4501 su-
perfamily (CYP1).® By inducible CYP2E1,
one of the most abundant isoforms among
all cytochrome P450, PAHs form reactive
species such as benzo[a]pyrene-7, 8-diol-
9, 10-epoxides (BPDE), which attack DNA
to form BPDE-DNA adducts. These ad-
ducts are subjected to further hydrolytic

In the coke production process, thou-
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reactions catalyzed by phase II conjuga-
tions to eliminate PAH metabolites and
protect cell genome.?

An alternative PAHs carcinogenic path-
way includes metabolizing PAHs to active
semiquinones by the cytochrome P450
enzymes. These quinones are free radical
intermediates that could go through redox
cycling to generate reactive oxygen spe-
cies (ROS), causing oxidative damage to
DNA and lipids.’>* PAHs may therefore
exert their mutagenic, genotoxic, and car-
cinogenic properties by two major mecha-
nisms: One pathway includes formation of
specific PAHs-DNA adducts with subse-
quent replication error and mutation;**
the second pathway includes induction of
oxidative stress.'*> Oxidative stress rep-
resents an imbalance in the homeostasis
between ROS and the mechanisms of de-
toxification. Oxidative damage to nucleic
acids has been found to be associated with
a variety of diseases including aging and
cancer. Guanine is the base most prone
to oxidation. Critical biomarker of oxida-
tive DNA damage is 8-hydroxy-2-deoxy-
guanosine (8-OHdG), which is the form of
oxidized guanine.” Interactions between
genetic and environmental factors are im-
portant in the development of the majority
of human cancers. Consequently, genetic
variation in an individual's ability to repair
DNA base damage as single-strand breaks
(SSB) may confer differential risk for PAH-
induced cancer. In humans, the base exci-
sion repair (BER) system is responsible for
the repair of oxidative DNA damage.'3 The
XRCC1 (X-ray Repair Cross-Complement-
ing) gene participates in the repair of mam-
malian DNA and plays an integral role in
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BER and SSB repair. XRCC1 acts as a co-
ordinator in BER, through its interaction
with poly ADP-ribose polymerase, DNA
polymerase 3, and DNA ligase I11.*4 A poly-
morphism at codon 399 of the XRCC1 gene
(exon 10, SNP; ¢.1316G>A; p.Arg399Gln;
rs25487) results in an amino acid substitu-
tion from arginine to glutamine, which re-
sults in inefficient repair pathway. XRCC1
gene plays an important role in DNA dam-
age repair. XRCC1 Arg399Gln polymor-
phism is the commonest among more than
60 validated SNPs in that gene and has no
major ethnical variations.’> Exposure bio-
markers, such as hydroxylated metabolites
of toxicants in urine, are used to indicate
the internal dose received to estimate the
level of exposure to these toxins. Effect
biomarkers are measured as the forms
that interact with critical targets, such as
DNA adducts or cytogenetic alterations.
Susceptibility biomarkers include genetic
variations of metabolizing enzymes and
DNA repairing system such as cytochrome
P450s and XRCC1 genes, respectively.'®
Published data suggest that the metaboliz-
ing enzymes genes and DNA repair genes
are correlated with the level of DNA dam-
age. They may contribute to variable indi-
vidual sensitivity to DNA damage induced
by PAH exposure at workplace.”

We conducted the present study to
investigate the relationship between

TAKE-HOME MESSAGE

Coke oven workers are exposed to polycyclic aromatic hy-
drocarbons (PAHs) with possible genotoxicity and carcino-

The susceptibility to PAHs-associated risk could be attrib-
uted to genetic causes that act synergistically leading to
alterations in metabolism of carcinogens and/or impairment
in DNA repair capacity.

The most effective measures of controlling coke oven emis-
sions are engineering controls and good work practice.
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biomarkers of PAH: 1-hydroxypyrene
(1-OHP), DNA adducts and 8-hydroxy-
2-deoxyguanosine (8-OHdG) in coke oven
workers, and to assess the role of cyto-
chrome P2E1 (CYP2E1) gene expression
and DNA repairing gene (XRCC1) poly-
morphism in detecting workers at risk.

Materials and Methods

The study population was selected from
coke oven workers who had been work-
ing for at least one year at a coke factory
in Helwan district, Cairo, Egypt, between
December 2016 and April 2017. The study
was conducted on two groups: an exposed
group consisting of 85 male workers di-
rectly engaged in coke-making operations
and occupationally exposed to PAHs; and
a control group including 85 male partici-
pants from administrative departments of
the same company, who had never been
occupationally exposed to PAHs or chemi-
cals. Those having malignant, infectious,
liver, or kidney diseases during the last
six months were excluded from the study.
Clinical examination was done with spe-
cial emphasis on the chest and skin. Chest
manifestations included chronic bronchi-
tis, defined as the presence of chronic pro-
ductive cough for at least three months/
year for at least two consecutive years in
absence of any other diseases.’® Occupa-
tional asthma was defined as attacks of
shortness of breath accompanied with ex-
piratory wheeze that improved after a day
off work or on weekends and worsened
over the work days'® Contact dermatitis
was diagnosed if there were erythema,
papules, vesicles, exudation and itching.
In chronic cases, there was fissuring and
lichenification; there may be acute exacer-
bation of contact with an offending agent.>°
A total of 120 people was directly engaged
in coke-making operations and exposed to
PAHs. They worked either on the top, the
side or at the bottom of the oven. Only 99
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workers from three shifts accepted to par-
ticipate in this study. Eighty-five out of 99
were involved in the study according to the
inclusion and exclusion criteria set.

Sample Collection

Five mL blood was collected from all sub-
jects and divided into two EDTA-anticoag-
ulated vacutainer tubes. One tube was sent
for DNA extraction for the measurement
of BPDE-DNA adducts and estimation of
XRCC1 Arg399GIn polymorphism; the
second tube was used for RNA extraction
for CYT 2E1 gene expression assay. A spot
urine sample was collected from the ex-
posed workers and controls for the analy-
sis of 1-OHP and 8-OHdG. All participants
were asked to wash their hands prior to
urine collection to avoid environmental
contamination. Urine samples were cen-
trifuged to remove particulate matter and
kept frozen at -80 °C until analysis.

Analysis of Urinary 1-OHP

Urine samples were analyzed for 1-OHP
by high-performance liquid chromatogra-
phy (HPLC) method according to Nguyen,
et al,® with slight modification. Extraction
of 1-OHP from urine samples was done by
mixing 1 mL of the urine with 600 pL ace-
tate buffer and 20 uL B-glucuronidase (pH
5). The mixture was incubated for 2 hours
at 37 °C with shaking. After incubation,
the mixture was applied to a Sep-Pak C18
cartridge that was conditioned with 5 mL
methanol, then 10 mL water. The cartridge
was washed with 2.5 mL 40% methanol.
The 1-OHP was eluted with 5 mL pure
methanol. Methanol was evaporated under
nitrogen to dryness, then re-dissolved to 1
mL. A 20-uL aliquot of the solution was
injected into the HPLC system. We used a
Column Hyper-Clone 5 ODS (C18) 120A,
DIM: 250x4.60 mm. The wavelengths
of excitation and emission were 242 and
388 nm, respectively. The temperature of
the column was maintained at 30 °C. The
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concentration of 1-OHP in urine extracts
was determined from the standard curve,
using peak area for quantification. Urine
samples were analyzed for creatinine using
the kinetic Jaffe's method photometrically
(Roche Diagnostics, Mannheim, Germa-
ny) to adjust 1-OHP concentrations to cre-
atinine excretion (umol/mol creatinine).*

Analysis of Urinary 8-OHdG

Urinary 8-OHdG was measured with an
ELISA kit (MyBioSource Inc, San Diego,
USA), using competitive binding enzyme
immunoassay technique. The amount of
8-OHdG was calculated by comparison
with a standard curve and its concentra-
tions were adjusted for urinary creatinine.

Cytochrome P2E1 (CYP2E1) Gene
Expression

RNA extraction and cDNA synthesis by
Reverse Transcription (RT)

Ficoll-Hypaque density-gradient centrifu-
gation was used to isolate peripheral blood
mononuclear cells (PBMCs). Phosphate-
buffered saline was used to wash them.
Total RNA was isolated from cell prepara-
tions using the TRIzol reagent (Invitrogen)
according to the manufacturer's instruc-
tions. The concentration of RNA was deter-
mined spectrophotometrically by monitor-
ing UV absorbance at 260 nm. Purity was
assessed by the absorbance ratio measured
at 260nm/280nm. One to two pg of total
RNA was used for RT to synthesize cDNA
using MMLV RT (Promega). Briefly, 0.5 ug
of oligo dT18 was added to each tube and
annealed to RNA by incubating at 70 °C
for 5min to melt the secondary structure
within the template, and then quick chilled
on ice. RT of RNA was performed in a final
volume of 25 pL containing 5uL of MMLV
5x reaction buffer, 1.25 uL. of tomM dNTP
mixture, 25 U of ribonuclease inhibitor
(Sigma), 200 U of MMLV (Promega), and
RNase-free water. The cDNA was synthe-
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sized at 42 °C for 60min, heated to 95 °C
for 5 min, and stored at -20 °C.

Quantitative Real-Time PCR

The gene expression of CYP2E1 was de-
termined by a quantitative PCR analysis,
using SYBR Green method on Step One
plus (Applied Biosystems, Foster City, CA,
USA). Primers of PCR were designed with
Gene Runner Hasting Software(Hasting,
NY, USA) from RNA sequences from
GenBank as follows: CYP2E1 Forward:
5'-ACCTGCCCCATGAAGCAACC-3';  Re-
verse: 5'-GAAACAACTCCATGCGAGCC-3'
Gene bank Acc. Number NM 00073.
B-actin Forward: 5'-CCTGGCACCCAGCA-
CAAT-3'. Reverse: 5'-GCCGATCCACACG-
GAGTACT-3'. Genebank Acc. Number NM
00111.

All primer sets had a calculated anneal-
ing temperature of 60 °C. Quantitative
Real-Time PCR was performed in a 25 pL
reaction volume consisting of 12.5 pL of
SYBR green PCR Master mix, 1 uL of each
primer, and 5 pL of cDNA. Amplification
conditions were 2 min at 50 °C and 40 cy-
cles of 15 sec at 95 °C, 1 min at 60 °C, and
1 min at 72 °C for the amplification step.
The threshold cycle (Ct) was calculated us-
ing the Applied Biosystems SDS software
ver 2.1. Relative expression of CYP2E1 was
calculated using the comparative cycle
threshold method (AA Ct).

Measurement of Benzo[a]pyrene-7,
8-diol-9, 10-epoxide-DNA Adducts
(BPDE-DNA Adducts)

The extracted DNA samples were subse-
quently diluted to a concentration of 4
pg/mL in 1X TE Buffer. The level of BP-
DE-DNA adducts was determined using
sandwich-based immunoassay OxiSelect
BPDE-DNA Adduct ELISA kit, Cat No
MBS169130 (MyBioSource, Inc, USA). To
minimize background signals from un-
adducted DNA non-specific binding, the
Reduced DNA Standard was used as an

absorbance blank. For quantification, an
eight-point BPDE-DNA standard curve
(measuring range 0 to 100 ng/mL) was
included in each run. The results were ex-
pressed as ng of BPDE-DNA adducts per
ug of DNA with detection limit of 1.56 ng
BPDE-DNA/pg of DNA.

Genotyping of XRCC1 Arg399GIn
Polymorphism by Real-Time PCR

Extraction of genomic DNA from sterile
EDTA-anticoagulated blood samples was
done using a QIA amp DNA blood mini-kit
(Qiagen, Hilden, Germany) by silica-gel
spin columns.

Analysis of XRCC1 Arg399GIn poly-
morphism (exon10 SNP; G 28152 A;
p-Arg399Gln; rs25487) was done by Real-
Time PCR fluorogenic 5' nuclease allelic
discrimination technique using TagMan
Single-Nucleotide Polymorphism (SNP)
Genotyping Assay (Applied Biosystems)
and performed on Step One TM Real-
Time PCR system. The final volume of
each reaction was 25 uL consisting of 12.5
uL of TagMan Universal Master Mix (2X),
which contained AmpliTagq-Gold DNA
polymerase; 1.25 uL of assay mix (20X),
which contained primers and probes; 5
puL genomic DNA; and 6.25 pL nuclease-
free water. Negative control (no DNA tem-
plate) was run to ensure that there was
no amplification of contaminating DNA.
The amplification reactions were carried
out with an initial hold step at 95 °C for
10 min to activate AmpliTaq-Gold DNA
polymerase followed by 40 cycles of three
steps: denaturation at 92 °C for 15 sec, an-
nealing at 60 °C for 30 sec, and extension
at 60 °C for 30 sec.

Workplace Monitoring

Air samples for total PAHs level were as-
sessed by the industrial hygienist of El-
Tebbin Institute for Metallurgical Studies
(TIMS) in Egypt. Glass fiber filters (20 x
25 cm) were used to collect samples with
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99% collection efficiency using high vol-
ume samplers (General Metal Works Inc,
USA). The average flow rate of sampling
was 40—50 cft/m, (1.12 to 1.4 m3/min) for
eight hours. Before sampling, the cleaned
glass fiber filters were stored in desicca-
tors. The clean filters were weighed. After
sampling, the filters were dried in dark-
ened desiccators for 24 hours, reweighed
until constant weight to obtain the weight
of TSP. PAHs were extracted from the
TSP samples by Soxhlet apparatus and
extracted with DCM/n-hexane mixture
(50/50 v/v) for 24 hours according to the
US National Institute for Occupational
Safety and Health, method 5506.%2 The or-
ganic extracts were then concentrated us-
ing a rotary evaporator, cleaned by clean
silica gel/alumina columns consisting of
5 g anhydrous sodium sulfate, 20 g silica,
10 g alumina (deactivated 1% with dis-
tilled water), 5 g sand, and glass wool. The
extracts were concentrated, exchanged
to 2 mL hexane, placed on the columns,
and eluted with dichloromethane (200
mL). The eluted extracts were then con-
centrated on a rotary evaporator and ex-
changed to 1 mL hexane and stored in a
freezer until analysis. For PAHs analysis, 1
uL of the extract was withdrawn from the
samples, including the blank samples, and
injected into a Hewlett-Packard gas chro-
matography (GC; model HP6890), fitted
with a flame ionization detector (FID). A
HP-5 (30 m x 320 um x 0.25 pum) capil-
lary column was used with hydrogen as
the carrier gas. The concentrations of the
target PAH compounds were quantified
by an external standard solution of 15
PAH compounds (PAH mixture, Supelco,
Inc). The concentrations of the following
PAH compounds in the particulate phases
were determined: naphthalene (NA), ace-
naphthylene (ACY), acenaphthene (ACE),
fluorine (FLU), phenanthrene (PHE), an-
thracene (ANT), fluoranthene (FLT), py-
rene (PYR), benzo[a]anthracene (BaA),

wwuw.theijoem.com Vol 10, Num 3; July, 2019

chrysene (CRY), benzo[b]fluoranthene
(BbF), benzol[a]pyrene (BaP), dibenzola,
h]anthracene (DBA), benzo[ghi]perylene
(BGP), and indeno[1, 2, 3,-cd]pyrene
(IND). The geometric means of the mea-
surement of total PAHs were 2.2 (SD 0.02;
range 2.1 to 0.9) mg/ms3. The limit thresh-
old for workplace PAHs level** set by the
National Institute for Occupational Safety
and Health is 0.1 mg/ma3.

Ethics

Written informed consent was obtained
from all the included participants. The
study was approved by the Ethical Com-
mittee of Occupational and Environmental
Medicine Department, Cairo University,
Egypt. The study was conducted in accor-
dance with the ethical guidelines of the
Declaration of Helsinki.

Statistical Analysis

SPSS® for Windows® ver 15 was used for
data analysis. Continuous variables with
normal distribution are presented as mean
(SD); those not normally distributed are
presented as median (IQR). Categorical
variables are presented as frequencies and
percentages. Comparison of numerical
variables was made using Student's t test
for parametric variables and Mann-Whit-
ney U test for nonparametric variables.
¥ test was used to compare categorical
variables. A p value <0.05 was considered
statistically significant. Spearman's p was
used to assess the correlation between two
non-normally distributed variables. One-
way analysis of variance (ANOVA) was
used to compare means of three groups
or more; Kruskal Wallis test was used for
non-parametric variables. Multivariate re-
gression analysis was used to identify inde-
pendent predictors of oxidative DNA dam-
age in coke oven workers.
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Results

The geometric mean of the workplace total
PAHs level was 2.2 (SD 0.02, range 2.1 to
0.9) mg/m3, significantly higher than the
exposure limit threshold set by the Na-
tional Institute of Occupational Safety and
Health Administration (NIOSH), 0.1 mg/
ms.

All 170 participants were age-matched
males (Table 1). The age of the exposed
group ranged from 26 to 60 years; that of
control's ranged from 22 to 60. There were
no significant differences between the
exposed and controls in terms of smok-
ing habit (43% vs 48%). The minority
(16.5%) of the exposed workers were us-

ing protective equipment. Compared with
the control group, the exposed group had
a significantly higher prevalence of chest
manifestations (20% vs 62%) and derma-
titis (3% vs 11%). The urinary concentra-
tions of 1-OHP, DNA adducts, and urinary
8-OHdG in the exposed group were signif-
icantly (p<0.001) higher than the controls.
CYP2E1 expression level in the exposed
group was significantly (p<0.001) lower
than the controls. There was a significant
difference in wild and mutant genotypes
in XRCC1 Arg399GIn gene polymorphism
(Table 1). Carriers of variant allele Gln
(Arg/GIn + GIn/GIn genotypes) had sig-
nificantly higher values of urinary 1-OHP,
DNA adducts, and urinary 8-OHdG lev-

Table 1: Demographic, clinical, biochemical and XRCC1 (Arg399GiIn) genotyping characteris-
tics of the studied groups. Values are either mean (SD), median [IQR], or n (%).

Exposed group  Control group

Parameter (n=85) (n=85) p value
Age, yrs 45.6 (10.1) 44.9 (10.5) 0.669
Duration of exposure, yrs 20.8 (8.8) — —
Using personal protective equipment 14 (16%) — —
Smoking habit 37 (44%) 41 (48%) 0.538
Chest manifestations 53 (62%) 17 (20%) <0.001
Dermatitis 30 (35%) 6 (7%) <0.001
Urinary 1-OHP, pmol/mol creatinine 6.3 [2.9 10 9.8] 0.6 [0.04 to 1.8] <0.001
CYP2E1 expression level 1.1 [0.6 to 1.8] 3.4[2.4t05.3] <0.001
BPDE-DNA adducts, ng/ug DNA 6.7 [2.6 to 7.9] 0.4[0.13t00.89] <0.001

Urinary 8-OHdG, ng/mg creatinine
XRCC1 (Arg399GIn) genotype

7.9[29t012.4]  2.1[1.6 o 2.5] <0.001

Arg/Arg (Wild) 50 (59%) 67 (79%) 0.005

Arg/GIn (Heterozygous) 20 (24%) 13 (15%) 0.175

GIn/GIn (Mutant) 15 (18%) 5 (6%) 0.017
Allele

Arg 120 (70.6%) 147 (86.5%) <0.001

GIn 50 (29.4%) 23 (13.5%)

www.theijoem.com Vol 10, Num 3; July, 2019
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Table 2: Median (IQR) levels of measured biochemicals measured in the studied participants based on their

XRCC1 (Arg399GIn) genotypes.

Wild allele (Arg/Arg),
(n=117)

Biochemicals

1-OHP, (umol/mol creatinine
CYP2E1 expression level
BPDE-DNA adducts, ng/ug DNA
8-OHdG, ng/mg creatinine

els; they had significantly lower levels of
CYP450 expression compared with those
homozygous for the wild type allele (Arg/
Arg, Table 2). There were significant posi-
tive correlations between 1-OHP level and
each of age, duration of exposure, BPDE-
DNA adducts, and 8-OHdG levels in the
exposed workers. CYP2E1 expression level
had a significant negative correlation with
age, duration of exposure, 1-OHP, BPDE-
DNA adducts, and 8-OHdG levels (Table
3). A significant increase in 1-OHP level
was observed in smoker controls compared
with non-smokers controls (1.8 vs 0.1 ng/
mg creatinine) (Table 4). After adjusting
for confounders (regression analysis), only
duration of work among exposed group
(P 0.124, 95% CI 0.01 to 0.23) not smok-
ing was found an independent predictor
for 1-OHP. Independent predictors for
BPDE-DNA adducts in the exposed group,
were duration of exposure and CYP2E1 ex-
pression level. Independent predictors of

1.7 (0.05 to 3.6)
2.4 (1.6 10 4.2)
1.2 (0.4 to 4.5)
2.5 (2.1 10 4.6)

Variant allele (Arg/GIn +
GIn/GlIn), (n=53)

4.9 (2.2 t0 9.5)
1.7 (0.6 to 2.3)
6.3 (0.7 to 7.8)
4.9 (2.510 12.2)

8-OHdG level were duration of exposure
and urinary 1-OHP concentration (Table

5).

Discussion

We studied the urinary 1-OHP level as
a biomarker for exposure level to PAHs.
Urinary 1-OHP levels were significantly
higher in the exposed group compared to
the control (Table 1). Comparing the uri-
nary 1-OHP levels of the exposed workers
with those exposed in other countries, the
exposure levels in Egyptians appeared to
be higher than those in Japan (2.2 umol/
mol creatinine with 5-fold increase be-
tween workers and controls)® and Turkish
oven workers (3.2 pmol/mol creatinine
with 5-fold increase).? In Chinese coke
oven workers, Hanaoka, et al,** reported
higher levels of urinary 1-OHP compared
with what we found in the current study;
a mean of 20.9 umol/mol creatinine and

Table 3: Spearman's correlation matrix for the studied variables in the exposed group

Duration of
Variable Age exposure
Duration of exposure 0.83* 1
1-OHP 0.47* 0.61*
CYP2E1 expression -0.52* -0.71*
BPDE-DNA adducts 0.62* 0.81*
8-OHdG 0.42* 0.51*
*p<0.001

wwuw.theijoem.com Vol 10, Num 3; July, 2019

CYP2E1 BPDE-DNA
1-OHP  expression adducts
1
-0.60* 1
0.63* -0.88* 1
0.71* -0.59* 0.68*

p value
<0.001
0.001
<0.001
0.001
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Table 4: Comparison between smokers and non-smokers among the studied groups. Values are either mean (SD)

or median [IQR].

Parameter

Age, yrs

Duration of exposure

Urinary 1-OHP,
pmol/mol creatinine

CYP2E1 expression

BPDE-DNA adducts,
ng/ug DNA

Urinary 8-OHdG,
ng/mg creatinine

132

Exposed group

Control group

Smoker Non-smoker p value Smoker Non-smoker p value

45.1 (9.4) 46.1 (10.7) 0.58 45.7 (9.7) 44.2 (11.3) 0.60

22 [15 to 26] 23.5[1Mt027] 0.67 — — —

6 [3.2 to 8] 7.5[2.910 10.5] 0.28 1.8[1.6t02.1] 0.1[0to 0.1] <0.001
level 1.1[0.6t01.8] 1.1[0.7t01.9] 0.56 3.4[24t05.3] 3.3[25t05.2] 0.88

6.8[45t079] 6.6[22t07.9] 0.32 0.4[0.1t00.7] 0.5[0.2t01.1] 0.16

85[4.3t0121] 6.4[291t013] 0.74 21[1.7t02.5] 21[1.5t02.5] 0.89

21.8-fold increase between workers and
controls. A level of 1.0 umol/mol creati-
nine (equivalent to 1.93 pg/creatinine or
1.93 pug/L urine) for urinary 1-OHP is rec-
ommended for occupational exposure by
Jongeneelen.5 In the current study, the
level exceeded this proposed limit in 59%
(50/85) of the exposed workers. The total
PAHs measured in the workplace air of
the coke oven areas exceeded the exposure
limit threshold set by the National Institute
of Occupational Safety and Health.?? This
could explain the higher levels of urinary
1-OHP observed in the exposed workers;
it could be attributed to lack of sufficient
ventilation at the workplace. Moreover,
only a minority (16%) of exposed workers
were using protective equipment.

One of the most important explana-
tions for inconsistent results in human
biomonitoring studies is the inter-indi-
vidual differences in xenobiotics metabo-
lizing enzymes and DNA repair capacities
that may mask or augment the effects of
the exposures. Identifying inter-individual
differences help to provide information for
making decisions aiming to limit risks for
sensitive populations. Therefore, this study
measured the expression level of CYP2E1
gene involved in xenobiotic biotransfor-

mation. The results showed significantly
lower CYP2E1 mRNA expression levels in
the exposed group compared with the con-
trols. Carriers of the variant allele (Gln) of
XRCC(C1 gene (Arg/Gln + Gln/GIn) had sig-
nificantly lower CYP2E1 expression levels
than those homozygous for the wild allele
(Arg/Arg) (Table 1). Interestingly, CYP2E1
mRNA expression levels had a significant
negative correlation with individual's age,
duration of exposure, urinary 1-OHP level,
BPDE-DNA adduct, and 8-OHG concen-
tration (Table 3).

Liu, et al, showed that expression of
CYP2E1 is declined along with the initia-
tion, promotion and progression of hepa-
tocellular carcinoma (HCC). Studying the
clinical specimens taken from 85 HCC pa-
tients, Ho, et al,?® found that 70% of tumor
tissues have low expression of CYP2E1.
This low expression of CYP2E1 is associ-
ated with poor prognosis of HCC. A plausi-
ble explanation for this observation would
be that the lack of CYP2E1 may decrease
xenobiotics metabolism, including PAH
and other pro-carcinogens, leading to pro-
longed injurious effects, which enhances
cytotoxicity and genotoxicity, making the
person more susceptible to cancer. How-
ever, the exact mechanism of downregu-
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Table 5: Multivariate regression analysis to identify predictors for 8-OHdG and BPDE-DNA ad-
ducts among (coke oven workers) the exposed group.

B (95% CI)
Predictors for 8-OHdG Predictors for BPDE-DNA
Variable (r? 0.644) (r? 0.760)
Age, yrs 0.07 (-0.04 to 0.19) -0.01 (-0.06 to 0.04)

Smoking habit

Duration of exposure
XRCC1 (Arg399Gin)
Urinary 1-OHP

CYP2E1 expression level

lation has not been clearly elucidated yet.
Therefore, CYP2E1 expression levels allow
us to identify individual's risk susceptibil-
ity to minimize PAHs exposure.

Benzo[a]pyrene (BaP) is notable for be-
ing a famous PAH present in coal tar and is
the first chemical carcinogen discovered.®
Its mechanism of carcinogenicity depends
on an enzymatic metabolism in steps to a
final mutagen; benzo[a]pyrene-7, 8-diol-
9, 10-epoxide (BPDE). The very reactive
BPDE binds covalently to lipids, proteins,
and DNA to produce BPDE-DNA adducts.
If not repaired, DNA adducts may lead
to persistent mutations resulting in cell
transformation and ultimately tumor de-
velopment.”

The results of this study support the
above findings; significantly higher values
of BPDE-DNA adducts (= 17 folds) were
presented by the exposed workers relative
to the controls (Table 2). This indicates
an increased hazard of genotoxic effects
related to PAH exposure. A strong posi-
tive correlation was found between BPDE-
DNA adducts and 1-OHP level in the ex-
posed group; BPDE-DNA adducts was also
correlated with age, duration of exposure
(indicating that DNA adducts can be a sen-
sitive marker of exposure) and 8-OHdG
(genotoxic effect). This is confirmed by

wwuw.theijoem.com Vol 10, Num 3; July, 2019

0.65 (-0.68 to 2.00)
-0.17 (-0.3 t0 -0.01)
-0.63 (-2.01 to 0.74)
0.79 (0.51 to 1.07)

0.01 (-0.65 to 0.67)

0.45 (-0.18 to 1.09)
0.15 (0.07 to 0.22)
0.01 (-0.65 to 0.67)
0.06 (-0.09 to 0.22)
-0.49 (-0.78 to -0.19)

multivariate regression analysis that re-
vealed that the duration of exposure was
a predictor of DNA adducts in coke oven
workers (Table 5). In concordance, Talas-
ka, et al,” reported that coke oven work-
ers who were heavily exposed to PAHs had
higher BPDE-DNA adducts compared with
the control subjects.

In the exposed group, we found a nega-
tive correlation between DNA adducts lev-
el and its metabolizing enzyme, CYP2E1,
expression level (Table 3); the enzyme
expression level was also a strong predic-
tor of DNA adducts (Table 5). Carriers of
the variant allele (Gln) of XRCC (DNA re-
pairing gene) showed significantly higher
DNA-adducts levels (Table 2). The possi-
ble explanation for this observation is that
inefficient repairing mechanism (variant
XRCC1 gene) leads to increased BPDE-
DNA adducts, which markedly downregu-
lates CYP2E1 expression level in a way to
reduce more adducts production. There-
fore, BPDE-DNA adducts level represents
the balance between exposure, production
and elimination, which will determine in-
dividual's cancer susceptibility. Urinary
8-OHdG is considered a biochemical
marker for oxidative DNA damage caused
by ROS.2® Marczynski, et al,?® reported
the relationship between PAHs exposure
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and 8-OHAG levels in coke-oven workers.
They found levels 1.38 times higher than
those in the controls. The exposed work-
ers in this study had levels 3.7 times higher
than those in the controls (7.9 vs 2.1 ng/
mg creatinine, Table 1). This agrees with
previous studies,®3° where the effect of
PAHs on the formation of 8-OHdG has
been investigated. Similarly, the current
study found a positive correlation between
urinary 1-OHP and 8-OHdG (Table 3); this
urinary marker of PAHs exposure was a
strong predictor for oxidative DNA dam-
age (Table 5). On the other hand, Zhang,
et al,* found no relationship between uri-
nary 1-OHP and 8-OHdG. This could be
explained by the different exposure levels
of PAHs, which depend on the amount of
PAHs in the workplace air. Another pos-
sibility is that several other carcinogens
are present in coke-oven emissions; exam-
ples are benzene, nitrosamine and arsenic
compounds. These substances can also in-
fluence the amount of oxidative DNA dam-
age.t

Individual's genetic build up may over-
come oxidants through creation of a bal-
anced antioxidant gene defense system.
Our study found a positive correlation be-
tween 8-OHdG urinary excretion and age
(Table 3), which may be due to the higher
duration of exposure in older workers than
younger ones. This was strengthened by
the positive correlation found between uri-
nary 8-OHdG and duration of exposure in
coke oven workers (Table 3). Multivariate
regression analysis confirmed that dura-
tion of exposure was an independent pre-
dictor for 8-OHdG.

The association between urinary
8-OHdG, CYP2E1 expression and XRCC1
399 Arg/Gln polymorphism was high-
lighted. A strong negative correlation
was found between urinary 8-OHdG and
CYP2E1 gene expression level (Table 3).
CYP2Ez1 is a highly inducible enzyme the
expression of which changes under vari-

ous circumstances. As CYP2E1 is a potent
generator of ROS, the finding that CYP2E1
gene expression actually decreased in the
exposed group is rather surprising. A pos-
sible explanation is that during oxidative
stress and high 8-OHdG production, an
antioxidant defense mechanism may be
induced to suppress CYP2E1 gene in an at-
tempt to reduce ROS. Carriers of variant al-
lele (GIn) of XRCC1 gene had significantly
higher levels of urinary 8-OHdG compared
with those homozygous for the wild allele
(4.9 vs 2.5 ng/mg creatinine respectively,
Table 2). This underlined the increased
hazard of oxidative stress related to inef-
ficient DNA repairing. Our findings were
inconsistent with results of Jongeneelen,
et al,;> who reported that NOGEL (no ob-
served genotoxic effect) at 1 umol/mol
creatinine and LOGEL (lowest observed
genotoxic effects level) at 1.9 umol/mol
creatinine. This limit was recommended
in workplaces where the pyrene/Bap ratio
is 2.5 such as that observed in coke oven
plants, where the studies were conducted.
Unfortunately, we did not make this mea-
surement. It is one of the limitations of our
study.

Tobacco smoke contains the most wide-
spread human carcinogens and is supposed
to cause oxidative DNA damage. Smok-
ing at work may increase urinary 1-OHP
among smokers as one cigarette contains
approximately 50—200 ng of pyrene. Our
study found significantly higher levels of
urinary 1-OHP among smoker controls
compared to nonsmoker controls (Table
4). However, after adjusting for confound-
ers (regression analysis), only duration of
work among the exposed group not smok-
ing was found an independent predictor
for 1-OHP.

The current study showed a signifi-
cantly higher frequency of variant Gln/
GIn genotype among the exposed group
compared with that in controls (18% vs
6%) with no significant difference in the
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heterozygous genotype. The variant allele
(Gln) presented higher frequency among
the exposed group compared with the con-
trols (29% vs 13%, p<0.001). Carriers of
the variant allele (Gln) had higher levels of
1-OHP, BPDE-DNA adducts and 8-OHdG,
and a lower CYP2E1gene expression level
compared with those homozygous for the
wild allele (Arg/Arg). This means that a
higher frequency of the variant genotypes
(Arg/Gln and GIn/Gln) of XRCC1 gene in
the exposed workers decreased repairing
system for DNA damage, making them
more vulnerable to malignant disorders
as it is a predisposing factor for oxidative
DNA damage and DNA adducts. These re-
sults were consistent with previous stud-
ies reporting that Gln/Gln genotype is a
risk for various environmentally caused
cancers (eg, lung cancer).’32 The current
study provided an additional evidence for
gene-environment interactions between
XRCC1 gene polymorphisms and PAHs
exposure among coke oven workers.

We showed that the susceptibility to
PAHs associated risk could be attributed
to genetic causes which act synergistically
leading to alterations in the carcinogen
metabolism and/or impairment in the ca-
pacity of DNA repair. Urinary 1-OHP level
of 59% of our workers exceeded the occu-
pational exposure limit and only 16% were
using protective equipment. Therefore,
countermeasures should be implemented
at workplace to reduce exposure; those in-
clude improvement of the manufacturing
process, regular use of personal protective
equipment, and reduction in time of expo-
sure to prevent long-term adverse effects.
The most effective measures of control-
ling coke oven emissions are engineering
controls and good work practices. Further-
more, annual monitoring for exposure to
PAHs should be conducted.
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