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This study was conducted to evaluate the levels of the p53 protein as biomarker in
plasma of workers of a carbon anode plant exposed to carcinogenic polycyclic
aromatic hydrocarbons (cPAHs). The exposed population consisted of 42
workers in the plant and a matched control group consisting of 43 office
workers. Personal air sampling was performed to assess workers’ atmospheric
exposure to cPAHs. Blood and urine samples were taken to determine the plasma
levels of the p53 protein using an enzyme linked immunosorbent assay, and
urinary 1-hydroxypyrene was determined by high performance liquid chromatography. Statistical analyses were performed. Occupational exposure to cPAHs
in the exposed group ranged from 3.6 to 31.5 mg m�3. The mean level of 1hydroxypyrene in the exposed group was significantly higher compared to the
control group (6.3 � 4.9 and 0.5 � 0.5 mmol mol�1 creatinine, respectively;
p 5 0.001). Mean plasma levels of the p53 protein in the exposed and control
subjects were significantly different (2.2 � 0.6 U mL�1 and 1.7 � 0.5 U mL�1,
respectively; p 5 0.001). A correlation between p53 protein plasma level and
urinary 1-hydroxypyrene (r ¼ 0.44, p ¼ 0.01) was found. The p53 protein can serve
as a biomarker of cPAHs exposure and effects; however, to evaluate the validity
of this biomarker over time, long term follow up is required.
Keywords: p53 protein; carcinogenic polycyclic aromatic hydrocarbons; carbon
anode plant; biomarker

Introduction
Polycyclic aromatic hydrocarbons (PAHs) are a group of chemicals consisting of a few
hundred compounds with two or more fused benzene rings (Bosveld et al. 2002). PAHs can
be generated naturally, for instance in forest fires and during volcanic eruptions, or by
human activities such as combustion of fossil fuels for power generation, heating, by waste
incineration, and from traffic (Simoneit 2002). Some of them are considered as human
carcinogens (Teixeira et al. 2002). Epidemiological studies have demonstrated an
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association between PAHs exposure and increases in mortality and/or morbidity from
respiratory diseases, cardiovascular diseases, and cancer (Taioli et al. 2007a).
Some occupational groups with PAHs exposure are coke oven workers, aluminium
industry workers, roofers, iron and steel founding workers, chimney sweeps, asphalt road
builders, and workers in various industries with combustion processes (Crebelli et al. 2002;
Jongeneelen 2001; Petry, Schmid, and Schlatter 1996; Teixeira et al. 2002).
Carcinogenic PAHs (cPAHs) include, among others, benz[a]anthracene, chrysene,
benzo[b]fluoranthene,
benzo[k]fluoranthene,
benzo[a]pyrene,
benzo[ghi]perylene,
dibenz[ah]anthracene, and indeno[cd]pyrene (Taioli et al. 2007b; Topinka et al. 2009).
Atmospheric exposure to PAHs is usually monitored by personal air sampling. The
internal exposure dose is usually assessed by detection of urinary 1-hydroxypyrene. Other
biomarkers for exposure monitoring are PAH–DNA and PAH–protein adducts, and
response markers include chromosomal aberrations, sister chromatid exchanges, and
micronuclei (Jongeneelen 2001; Rossner, Binková, and Sram 2003; Siwinska, Mielzynska,
and Kapka 2004; Teixeira et al. 2002).
P53 is a nuclear phosphoprotein which is considered as tumor suppressor protein and
has a central role in cell cycle arrest, DNA repair, and apoptosis (Luch 2005). It can be
inferred that overexpression of p53 protein is an indicator of critical events at cellular and
molecular levels including those which may lead to cancer. Some studies show that over
expression of p53 in tumor tissue is reflected in elevated levels of p53 protein in serum and
urine (Darabi et al. 2006). To date, many studies have been dedicated to evaluate the
usefulness of p53 as a marker in cancer patients as prognosis tool, for monitoring the
treatment effectiveness, and for predicting recurrent tumors before they are clinically
detectable (Balogh et al. 2006; Charuruks et al. 2001; Evans 2005; Luo et al. 1995; Ramet
et al. 1995; Suwa, Ohshio, and Okada 1997).
As monitoring of p53 levels has been suggested as a useful marker in patients with
certain types of cancer such as bladder, head, neck, esophagus, and colorectal cancers
(Borska et al. 2009; Evans 2005; Shimada, Ochiai, and Nomura 2003), it is relevant to
evaluate its applicability as a biomarker of effects of exposure to carcinogenic compounds.
To date, few studies have addressed the value of p53 protein as a marker of
genotoxicity in workers who were exposed to cPAHs, with contradictory in results
highlighting the need for more research in this area. For example, Rossner, Binková, and
Sram (2003) carried out a study to evaluate the influence of occupational exposure to
PAHs on the plasma levels of p53 protein. They found a negative correlation between the
levels of p53 protein and occupational exposure to carcinogenic PAHs. These results did
not support the expected response. Rossner et al. (2007) conducted another study to
evaluate the effects of environmental exposure to carcinogenic PAHs on plasma levels of
p53. Their study showed levels of cPAHs exposure ranging from 3.1 to 263 ng m3.
Compared to their previous work, they concluded when exposed to low concentrations of
cPAHs, the plasma level of p53 protein can serve as good biomarker of effect; however, at
higher levels of exposure to cPAHs such as those of coke oven workers, a decrease in p53
levels will be observed. In a coke oven installation, Pan et al. (1998) showed higher levels of
p53 protein in coke oven workers compared to the control group; no correlation was
found between serum p53 protein and PAHs exposure, smoking or DNA adducts. These
contradictions emphasize the need for further studies in different industries and various
populations to reaching a consensus on the value of p53 protein as a biomarker in cPAHs
exposed workers.
Since previous studies have indicated high levels of PAHs exposure in anode plant
workers (Petry, Schmid, and Schlatter 1996) and as no study have been carried out to
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evaluate the p53 plasma levels in Iranian cPAHs exposed workers, this study was
conducted to evaluate the p53 plasma levels as an effect biomarker of cPAHs exposure of
workers employed at the carbon anode plant of an aluminium factory in Iran.
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Material and methods
Chemicals
1-Hydroxypyrene was purchased from Sigma-Aldrich (St. Louis, MO, USA); indeno[1,2,3
cd] pyrene from Supelco (Bellefonte, PA, USA); all other c-PAHs were from Dr
Ehrenstorfer GmbH (Augsburg, Germany); ß-glucoronidase-arylsulphatase from Roche
(Basel, Switzerland); acetonitrile, benzene, cyclohexane, methylene chloride, and toluene
from Merck (Darmstadt, Germany), C18 cartridges (1 mL in volume) from MachereyNagel (Düren, Germany); PTFE filters and washed XAD-2 sorbent tubes from SKC
(Eighty Four, PA, USA).

Experimental
The exposed population consisted of 42 male workers of a carbon anode plant in an
aluminum producing factory, and the control group consisted of 43 volunteered office
workers. The control group was matched with the exposed group according to age, body
mass index, sex, and smoking habit. The inclusion criteria were that the subjects were not
having medical treatment, radiography, or vaccination up to 3 months before sampling.
Each participant completed a questionnaire on personal information and lifestyle. All
participants signed an informed consent form and had the option to exit from the study at
any time during the study. The study was approved by the ethical committee of Tehran
University of Medical Sciences.

Blood and urine sample collection
Blood samples were taken immediately after the end of the working shift on the last
working day by venipuncture into vacuettes containing ethylene diaminetetracetate
(Weihai Hongyu Medical Devices Co., Weihai, China). The samples were coded and
transferred to the laboratory, processed within 1 h, and kept in aliquots of 1.5 mL at
80 C until further analysis. Urine samples were collected after the workshift on the last
working day and stored at 20 C until analysis.
Personal exposure monitoring
Air sampling and analysis was performed to assess the workers’ atmospheric exposure to
cPAHs according to NIOSH5515 (NIOSH 1994). Air samples were taken at a flow rate of
2 L min1 using a personal air sampling pump, PTFE filters (2 mm pore size, 37 mm
diameter), and washed XAD-2 sorbent tubes. Analysis of the air samples was performed
using an Agilent model 7890A gas chromatograph (Agilent Technologies, Folsom, CA,
USA) equipped with a capillary column (DB 5, 30 m  0.32 mm, fused silica, film thickness
1 mm, Agilent Technologies, Folsom, CA, USA), split/splitless injector, and flameionization detector.
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Enzyme linked immunosorbent assay assay
Plasma levels of p53 protein were measured by an enzyme-linked immunosorbent assay
(ELISA) using a sandwich ELISA kit (eBioscience, San Diego, USA). According to the
information in the ELISA kit manual, no interference of circulating factors of the immune
system at physiologically relevant concentrations is expected.
The assay was performed according to the manufacturer’s instructions. In brief, antihuman p53 precoated microwell strips were washed twice with wash buffer. Sample
diluent, 100 mL each, was added to blank wells in duplicate. Sample diluent, 50 mL each,
was added to the samples and the standard wells. Samples and standards, 50 mL each in
duplicate, were added to the designated samples and the standard wells. Biotin-conjugate,
50 mL, was added to all wells and then microwell strips were covered and incubated for 2 h
at room temperature. After incubation, the microwell strips were emptied and washed
three times with wash buffer, and volumes of 100 mL diluted streptavidin-horseradish
peroxidase were added to all wells. Then, the microwell strips were covered and, after 1 h
of incubation at room temperature, they were washed three times with wash buffer. Then,
100 mL of tetramethyl-benzidine substrate solution at a concentration of 0.4 g L�1 was
added to all wells and incubated for 10 min at room temperature. Finally, 100 mL stop
solution was added to each well and the absorbance was measured at 450 and 620 nm using
a Biochrom Anthos 2020 microplate reader (Biochrom Ltd., Cambridge, UK).
To evaluate reproducibility, the overall interassay coefficient of variation of
independent experiments was determined.

1-Hydroxypyrene analysis
Urinary 1-hydroxypyrene was determined according to Jongeneelen et al. (1985).
According to this method, 10 mL urine was adjusted to pH 5 using 1 mol L�1 HCl.
Then, 0.1 mol L�1 acetate buffer (pH ¼ 5) was added to make a final volume of 30 mL.
This solution was incubated overnight (16 h) with 15 mL glucoronidase-arylsulphatase
solution in a shaking bath at 37� C. A C18 reversed-phase cartridge was used for the
extraction of the metabolites. The cartridge was activated with 5 mL methanol followed by
10 mL distilled water. The urine samples were passed through the cartridges at a flow rate
of 10 mL min�1. The cartridges were washed with 3 mL distilled water followed by 3 mL
50% methanol in water. Thereafter, 1-hydroxypyrene was eluted with 8 mL methanol. The
solvent was completely evaporated, and the dry sample was reconstituted with 1 mL
methanol. The concentration of 1-hydroxypyrene was determined according to
Jongeneelen et al. (1985) using an Agilent series 1200 high performance liquid
chromatograph (Agilent Technologies, Folsom, CA, USA) equipped with a C18 reversed
phase column (150 � 4.6 mm; Agilent Technologies, CA, USA) and a fluorescence detector
(Agilent Technologies, Waldbronn, Germany) at an excitation wavelength of 242 nm and
an emission wavelength of 388 nm. Urinary 1-hydroxypyrene concentrations were
calculated relative to excreted urinary creatinine (mmol mol�1 creatinine).

Determination of urinary cotinine
For determination of urinary cotinine levels, a commercially available direct ELISA kit
(Abnova, Jhongli, Taiwan) was used according to the manufacturer’s instructions.
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Factors
Number of subjects
Age* (years)
Number of smokers
Number of non smokers

Exposed workers

Controls

42
30.4 � 4.5
12
30

43
32.5 � 5.7
12
31

Note: *Mean � SD.

Statistical analysis
Statistical analysis was performed using SPSS ver. 16 software. The Kolmogorov–Smirnov
t-test was used to evaluate the normality of data. An independent samples t-test was used
for comparison of two groups and the Pearson correlation test was used to evaluate the
relationship between variables.

Results and discussion
The general characteristics of the studied population are shown in Table 1. Subjects with
urinary cotinine levels of more than 500 ng mg�1 creatinine have been considered as
smokers (Taioli et al. 2007a).

Personal exposure monitoring
The mean concentration of cPAHs in the air of the exposed group was 11.4 � 7.6 mg m�3,
ranging from 3.6 to 31.5 mg m�3. The mean level of occupational exposure to
benzo[a]pyrene in this group was 1.4 mg m�3, ranging from 0.5 to 5.2 mg m�3 (Table 2).
The mean level of urinary 1-hydroxypyrene in the exposed and the control group was
6.3 � 4.9 mmol mol�1 creatinine and 0.5 � 0.5 mmol mol�1 creatinine, respectively (Table 3).
The level of 1-hydroxypyrene in the exposed group was significantly higher than the
control group (p 5 0.001). In addition, there was a significant difference in urinary
1-hydroxypyrene between smokers and non-smokers in the both exposed (p 5 0.001) and
control (p ¼ 0.027) groups.
Statistical analysis of atmospheric exposure to cPAHs and excretion of
1-hydroxypyrene in the urine using Pearson correlation test showed that there is a
significant correlation between total cPAHs exposure and urinary 1-hydroxypyrene
(r ¼ 0.79, p 5 0.001). In addition, a positive and significant correlation was found between
benzo[a]pyrene exposure and urinary 1-hydroxypyrene (r ¼ 0.69, p 5 0.001).
In a study in a carbon anode plant, Petry, Schmid, and Schlatter (1996) reported that
personal exposure to PAHs and benzo[a]pyrene varies from 4 to 120 mg m�3 and from 0.2
to 4.9 mg m�3, respectively. They also reported the level of urinary 1-hydroypyrene in the
range of 0.5 to 62 mmol mol�1 creatinine. These findings are comparable to our results. For
example, Rossner, Binková, and Sram (2003) also reported the personal exposure to
cPAHs and benzo[a]pyrene in coke oven workers to be in the range of 0.6–547 mg m�3 and
0.002–62.1 mg m�3, respectively. These personal exposure levels are much higher than our
findings in the carbon anode plant workers.
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Table 2. Mean levels of personal exposure to cPAHs in the exposed
group.
Exposure level* (mg m�3)
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cPAHs

2.6 � 1.7
2.7 � 1.7
1.3 � 1.1
1.1 � 0.9
1.4 � 1.1
1.1 � 0.8
0.4 � 0.3
1.1 � 0.8
11.4 � 7.6

benz[a]anthracene
chrysene
benzo[b]fluoranthene
benzo[k]fluoranthene
benzo[a]pyrene
benzo[ghi]perylene
dibenz[ah]anthracene
indeno[cd]pyrene
Total cPAHs
Note: *Mean � SD.

Table 3. Mean urinary 1-hydroxypyrene levels* (mmol mol�1 creatinine) in the exposed (n ¼ 42) and
control (n ¼ 43) groups.
Grouping
Exposed group
Control group

Smoking status
Smokers
Non-smokers
Smokers
Non-smokers

2.9 � 1.7
7.7 � 5.1
0.8 � 0.6
0.4 � 0.4

p-value

Smokers þ Non-smokers

p-value

50.001

6.3 � 4.9

50.001

0.027

0.5 � 0.5

Note: *Mean � SD.

Plasma p53 protein level
The interassay coefficient of variation of the used ELISA was 7.8%. The data on the mean
plasma levels of p53 protein are presented in Table 4, in the exposed subjects being
2.2 � 0.6 U mL�1 and 1.7 � 0.5 U mL�1 in the control subjects; the difference was
statistically significant (p 5 0.001). Compared to non-smokers, smokers in the control
group have higher p53 protein levels, although statistically insignificant.
There is a direct and positive correlation between p53 protein plasma level and urinary
1-hydroxypyrene (r ¼ 0.44) which is statistically significant at 0.01 level.
Statistical analysis of environmental exposure to cPAHs in the exposed subjects and
plasma level of p53 protein using Pearson correlation test showed that there is a positive
but statistically insignificant (r ¼ 0.24, p ¼ 0.12) correlation between total cPAHs exposure
and plasma level of p53 protein. The correlation between benzo[a]pyrene exposure and
plasma level of p53 protein was also insignificant (r ¼ 0.11, p ¼ 0.45).
The mean level of environmental exposure to cPAHs in the exposed subjects is
11.4 mg m�3. According to previous studies, this exposure level is high enough to have a
significant increase in urinary 1-hydroxypyrene level (Jongeneelen 2001) and our results
showed a significant increase in urinary 1-hydroxypyrene level of exposed subjects in
comparison to controls. It can be inferred from Jongeneelen (2001) studies that, when a
urinary1-hydroxypyrene level of more than 1.4 mmol mol�1 creatinine is measured,
genotoxic effects should be observed. In our study, the mean level of urinary
1-hydroxypyrene in the exposed group was found to be 6.3 mmol mol�1 creatinine and in
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Table 4. Mean plasma levels of p53 protein* (U mL ) in the exposed and control groups.
Grouping
Exposed group
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Control group

Smoking status
Smokers
Non-smokers
Smokers
Non-smokers

2.2 � 0.6
2.2 � 0.6
1.8 � 0.4
1.6 � 0.5

p-value

Smokers þ Non-smokers

p-value

0.77

2.2 � 0.6

50.001

0.32

1.7 � 0.5

Note: *Mean � SD.

the control group it was 0.54 mmol mol�1 creatinine. Hence, it can be concluded that our
exposed and control groups could be used to evaluate the genotoxic effects from cPAHs
exposure.
In our study, plasma level of p53 protein was evaluated as a hypothesized biomarker of
effect as a response to genotoxic effects from cPAHs exposure. Results of this study
showed statistically significant higher plasma levels of p53 protein in cPAHs exposed
workers (2.2 � 0.6 U mL�1 in exposed group against 1.7 � 0.5 U mL�1 in control group).
On the other hand, a significant correlation was found between plasma levels of p53 and
urinary 1-hydroxypyrene which is an accepted biomarker of exposure to PAHs (Hansen
et al. 2008; Lee and Byeon 2010; Strickland and Kang 1999; Tsai et al. 2002; Zhang et al.
2001). Previous studies have suggested that, accumulation of p53 protein can occur in
response to signals arising from exposure to PAHs (Binkova and Sram 2004; Topinka
et al. 2008). Hence, elevated plasma level of p53 protein in the exposed group is
attributable to cPAHs exposure and p53 plasma level can be suggested as a biomarker of
effect in the cPAHs exposed studied population. This conclusion is in agreement with the
result of the studies which claim a positive relationship between exposure to genotoxic
agents and expression level of p53 protein (Gao et al. 2011; Indulski, Lutz, and Krajewska
1999). In contrast to our findings, Rossner et al. reported lower levels of p53 protein in
subjects with cPAHs exposure concentrations above 1 mg m�3. As all participants in their
study population had work experience of more than 10 years, they suggested long-term
exposure to cPAHs as a probable factor which might have depressed a defense system
resulting in lower levels of p53 protein (Rossner, Binková, and Sram 2003). However in
our study all subjects had less than 4 years experience on the job which can be the reason
for difference between our and Rossner, Binková, and Sram (2003) study results. This
speculation is strengthened by considering the study by Borska et al. (2009) which showed
a significant increase in plasma levels of p53 in subjects with high cPAHs exposure during
a short period of time. They reported that a significant increase in plasma levels of p53 will
occur as a result of skin exposure to cPAHs in psoriatic patients who applied coal tar to
their skin for 8–30 days as a treatment. It is notable that, among coke oven workers,
psoriatic patients, chimney sweep, and anode aluminum workers the highest PAH
exposure levels are indicated to occur in psoriatic patients (Pavanello et al. 1999).
Decreased level of p53 protein in prolonged exposures can be due to the PAHs
accumulation inside the body cells which may result in cytotoxicity or saturation of
metabolic activation enzymes (Binkova et al. 2000; Topinka et al. 2008). It has been
revealed that, exposure to complex PAHs mixtures may induce synergistic or antagonistic
effects on the genotoxic properties of PAHs and it may affect the expression level of p53
protein. Therefore, another factor which may affect the PAHs induced expression of p53
protein is the concentration of individual PAHs (Tarantini et al. 2011). Studies have shown
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that, some low molecular weight PAHs like fluoranthene and benzo[c]phenanthrene
inhibit enzymes which are responsible for metabolic activation of PAHs thereby decreasing
cPAHs genotoxicity potential and p53 protein expression (Shimada and Guengerich 2006;
Topinka et al. 2008). Therefore, it could be expected that in cPAH contaminated settings
with high concentration of low molecular weight PAHs there is no increase in p53 protein
expression level. It could also be another explanation for the cases showing no increase in
p53 protein levels despite the high cPAHs exposure.
Conclusion
Results obtained from this study showed a significant difference between p53 plasma levels
of cPAHs exposed aluminum workers and controls. In addition, a positive and significant
correlation was found between the cPAHs internal exposure (as indicated by urinary
1-hydroxypyrene) and p53 plasma levels. Hence, it can be concluded that plasma level of p53
protein can serve as a biomarker of effect in the studied population. Nevertheless, to
generalize this conclusion to other high-level cPAHs exposure industries and populations,
there is a need for long term follow up for evaluating the validity of this biomarker over time.
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