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ABSTRACT

BACKGROUND: Goeckerman therapy (GT) of psoriasis involves dermal application of crude coal tar
containing polycyclic aromatic hydrocarbons (PAHs) and exposure to ultraviolet radiation (UVR). Little is

known about GT influence on DNA epigenetics.

OBJECTIVE: The study aim was to discover epigenetic mechanisms altered by the exposure related to the

GT of psoriasis.

METHODS: Observed group of patients with plaque psoriasis (n = 23) was treated by GT with 3 % CCT.
Before and after GT, we analyzed the levels of benzo[a]pyrene-7,8-diol-9,10-epoxide-DNA adducts (BPDE-
DNA), p53 protein in serum, 5-methylcytosine (5-mC, global DNA methylation), and methylation in selected

CpG sites of p53 gene.

RESULTS: We found a significant increase in the levels of BPDE-DNA (p < 0.01) and serum levels of p53
protein (p < 0.01) after GT, and an insignificant decrease in the percentage of 5-mC in peripheral blood
DNA. Methylation of p53 CpG sites was affected neither by psoriasis nor by GT. The study confirmed good
effectiveness of GT (significantly reduced psoriasis area and severity index; p < 0.001).

CONCLUSION: Our findings indicate that there is a significantly increased genotoxic hazard related to the
exposure of PAHs and UV radiation after GT of psoriasis. However, global DNA methylation and p53 gene
methylation evade the effect of GT, as they remained unchanged (Tab. 4, Fig. 3, Ref. 50). Text in PDF www.elis.sk
KEY WORDS: psoriasis, Goeckerman therapy, methylation, polycyclic aromatic hydrocarbons, UV radiation.

Psoriasis

Psoriasis is a multifactorial relapsing and remitting inflamma-
tory skin disease. The prevalence of psoriasis ranged from 1.4 %
to 3.3 % in Europe and North America (1-3). The disease (most
often referred to as plaque psoriasis) represents about 4 % of all
dermatoses which manifest at 16 years of age or younger (4, 5).
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Goeckerman therapy

Goeckerman Therapy (GT) represents an effective treatment of
moderate to severe plaque psoriasis using a combination of phar-
maceutical grade crude coal tar (CCT) and artificial ultraviolet ra-
diation (UVR) (6). It was first formulated in 1925 by dermatologist
William H. Goeckerman. The therapy continues to be used due to
its efficacy and low cost (7). However, the use of GT has recently
decreased for several reasons, including suspected mutagenicity/
carcinogenicity of CCT and UVR (8-10).

CCT/PAHs/DNA-BPDE

The mutagenic/carcinogenic effect of CCT is primarily attri-
buted to polycyclic aromatic hydrocarbons (PAHs). Some of them
were recognized as potent environmental mutagens and carcinogens
(11). During biotransformation, they are subject to bioactivation,
resulting in expression of reactive metabolites which are capable
of binding to DNA and proteins (formation of adducts). A typical
representative of mutagenic/carcinogenic PAHs, benzo[a]pyrene
(BaP), is bioactivated into a highly reactive metabolite benzo[a]
pyrene-7,8-diol-9,10-epoxide (BPDE) which is capable of covalent
binding to DNA and formation of DNA-BPDE adducts (9, 12).

UVR
Ultraviolet radiation B (UVB) is well known as radiation that
can cause severe damage to DNA. However, the results of recent
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studies showed that also ultraviolet radiation A (UVA) can be
a potent inductor of DNA damage that may be associated with
genotoxicity and skin cancer (13). The combination of UVA and
UVB was officially classified as carcinogenic to humans (14).
Moreover, it was shown that UVA in combination with other com-
mon environmental pollutants (including PAHs) can significantly
increase the risk of carcinogenesis (15). It therefore seems likely
that DNA damage induced by UVA and UVB during GT can be
further increased by co-exposure to PAHs (16).

Protein p53

The p53 protein is a 53-kD nuclear phosphoprotein (393 amino
acids). It is a product of a 20-Kb gene that is localized on the short
arm of human chromosome 17, at position 17pl3.1 (17) and com-
prises 11 exons. The p53 promoter region has been sequenced, and
basal promoter activity localized to the 85 bp region (nucleotide
760-844) which is indispensable for full promoter activity (18). It
has putative binding sites for transcriptional factors. This protein
is the principal mediator of cell-cycle arrest (G1/S arrest), gene
transcription, genomic stability and apoptosis in response to a
broad array of stressors, including but not limited to DNA damage
(induced by UVR, infrared radiation, or chemical agents such as
PAHs), oxidative stress, osmotic shock and deregulated oncogene
expression (19-21). In human cancers, the p53 protein mutations
are the most frequent genetic defects. Mutations in the p53 protein
often result in a prolonged half-time of the protein compared with
the wild-type p53 leading to its accumulation in cell nuclei (22).

Epigenetics — methylation

The role of epigenetics in gene regulation is undisputed. Epi-
genetics can be described as a stable alteration in gene expression
potential that takes place during development and cell proliferation
without any changes in the gene sequence. Epigenetic mechanisms
such as DNA methylation, histone modification, nucleosome posi-
tioning and non-coding RNAs are proven to have a strong associa-
tion with carcinogenesis (23, 24). The DNA methylation is one of
the most common epigenetic events taking place in the mammalian
genome (as repressor of gene expression). The methylation is based
on covalent chemical modification mediated by DNA cytosine me-
thyltransferases, resulting in addition of a methyl group at the carbon
5 position of the cytosine ring. Most of the cytosine methylation oc-
curs in the sequence context 5°CG3’ (25). Generally, it can be said
that the cancer phenotype is usually characterized by global DNA
hypomethylation and gene-specific hypermethylation (26, 27).

Methylation and pollutants

The DNA methylation patterns are known to be affected by
environmental chemicals, lifestyle factors and demographic fac-
tors (28, 29). Among others, PAHs and UVR have been reported
to induce epigenetic alterations that may contribute to the develop-
ment of mutagenesis and carcinogenesis (27, 29, 30).

Aim of the study
Based on the above, it can be assumed that both, genotoxic
and epigenetic mechanisms of carcinogenesis could participate

in exposure/metabolic scenarios (repeated combined therapeutic
exposure to PAHs and UVR). Verification of this assumption pre-
sents the main target of the presented study. For this purpose, we
studied a group of patients with psoriasis treated with GT. Based
on our previous experience (9, 31), two indicators of genotoxic
mechanisms and two indicators of epigenetic mechanisms of car-
cinogenesis were selected.

To prove the presence of genotoxic mechanisms, we used the
changes in blood level of DNA-BPDE adducts and serum level
of the p53 protein. For the evidence of epigenetic mechanisms,
we selected the changes in the levels of global DNA methylation
(the level of 5-methylcytosine in blood cells) and gene-specific
methylation on the p53 gene in blood cells.

Material and methods

Study group

Experimental data were collected over the period of two years.
The examined group consisted of 23 adult patients (12 women and
11 men, average age of 40 years, age variance of 18-75 years,
11 moderate smokers and 12 nonsmokers) with chronic stable
plague psoriasis treated with GT (Clinic of Dermal and Venereal
Diseases, University Hospital Hradec Kralove, Czech Republic).
Using a questionnaire, we checked the patients as to the presence
of excessive exposure to PAHs and/or artificial UVR prior to the
therapy. The patients who had prior excessive exposure to PAHs
and/or artificial UVR had to be excluded from the study group.
The study was approved by the Ethics Committee of the Univer-
sity Hospital in Hradec Kralove, Czech Republic. Informed writ-
ten consent was obtained from each patient.

Collection of biological samples

The samples of whole peripheral blood and EDTA-treated
whole peripheral blood were collected a day before the first treat-
ment and immediately after the last procedure of GT. The sample
processing is described in the methods of determining the indi-
vidual indicators.

Goeckerman therapy

Dermatological tar ointment containing 3% of CCT was ap-
plied daily overnight to psoriatic lesions (10-75 % of total body
surface in monitored group). The content of BaP in the mixed
sample of CCT was 0.008 mg/g CCT. In the morning, the resi-
due of ointment was removed from the body (using oil bath)
and the patients were whole-body irradiated by UVR. The irra-
diation was dosed individually according to the severity of the
disease and reaction of skin to the therapy (range 1-15 min of
irradiation). The density of used radiation was 248.17 pW/cm?
for UVB and 132.1 pW/cm? for UVA (controlled by Sola-Scope
2000 spectrometer; Solatell, UK) The duration of therapy was
modified according to the extent and severity of the disease and
effectiveness of the therapy (average duration of 13 days; range
of 10-22 days). The effectiveness of the therapy was evaluated
according to the level of erythema, desquamation, and skin in-
filtration (psoriasis area severity index; PASI score) (32). Gene-
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rally, the treatment was terminated when PASI score reached a
decrease by 50 %.

Serum level of protein p53

Samples of whole peripheral blood were allowed to clot and
serum was obtained after sample centrifugation at 700g. Serum
samples were stored frozen at —70 °C. Serum levels of p53 pro-
tein were measured using commercial ELISA kit (p53 TiterZyme
EIA; Assay Designs, Ann Arbor, MI, USA) according to manu-
facturer’s instructions. Monoclonal antibody to p53 immobilized
on a microtiter plate binds p53 in the standards (purified p53) or
sample. Subsequently a polyclonal antibody to p53 labeled with
the enzyme horseradish peroxidase was added. After incubation
and washing, the enzyme substrate is added and the developed
color (measured at 450 nm) is directly proportional to the con-
centration of p53 in pg/ml.

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

EDTA-treated whole peripheral blood specimens were col-
lected immediately after GT. Genomic DNA was extracted from
200 ml of blood with a QIAamp DNA Blood Mini Kit (Qiagen,
Germany). The extracts were subsequently diluted to a concen-
tration of 2 mg of DNA in 1 ml. The level of BPDE-DNA ad-
ducts was determined using the standard method of OxiSelect
BPDE-DNA Adduct ELISA Kit (Cell Biolabs, USA) according to
manufacturer’s instructions. This sandwich-based immunoassay
was previously characterized by a high level of consistency and
between-day precision (Su et al, 2014). Colorimetric measurements
of BPDE-DNA were made at 450 nm using a Multiskan RC mi-
croplate reader (Labsystems Diagnostics, Finland). To minimize
background signals from unadducted DNA non-specific binding,
the reduced DNA standard (Cell Biolabs, USA) was used as an
absorbance blank. For quantification, an eight-point BPDE-DNA
standard curve (measuring range of 0—100 ng/mL) was included
in each run. The results were expressed as nanograms of BPDE-
DNA adducts per microgram of DNA. All samples were assayed
in duplicate.

Global DNA methylation (the level of 5-methylcytosine)

DNA samples, isolated from the samples of whole peripheral
blood (100 ng), were used for the analysis of global DNA methyla-
tion. The level of 5-mC (5-methylcytosine) was determined using
the 5-mC DNA ELISA Kit (Zymo Research Corporation, USA) ac-
cording to manufacturer’s instructions. Denatured, single-stranded
DNA samples are coated on well surfaces of the microtiter plate.
The anti-5-methylcytosine monoclonal antibody and HRP-con-
jugated secondary antibody are added to the wells. Photometric
detection of 5-mC occurs after the addition of HRP developer. The
percentage of 5-mC in a DNA sample was accurately quantified
from a standard curve generated with specially designed controls
included with the kit.

Methylation of promoter region of the p53 gene (methyla-
tion-specific PCR)

DNA methylation patterns in CpG islands of the promoter
region of the p53 gene were determined by methylation-specific
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PCR (MSP) (33). Sodium bisulfite modification was performed
using the EZ DNA Methylation-Gold™ Kit (Zymo Research
Corporation, USA) according to the manufacturer’s protocol with
minor modifications. DNA was resuspended in elution buffer and
stored at —80 °C.

Primer sequences have been reported previously (34), namely
5"-TTGGTAGGTGGATTATTTGTTT-3’ (sense) and 5'-CCAATC-
CAAAAAAACATATCAC-3’ (antisense) for unmethylated re-
action (PCR product 247 bp), and 5'-TTCGGTAGGCGGAT-
TATTTG-3" (sense) and 5'-AAATATCCCCGAAACCCAAC-3’
(antisense) for methylated reaction (PCR product 193 bp). PCR
was carried out in a 25-pl mixture, containing 10x Takara buffer
(2.5 ul), ANTPs 2.5 mM solution Takara (2.0 pl), primers (1 pl each
10 pmol/ pl solution), polymerase Taq HS Takara SU/ ul (0.3 pl)
(Takara Bio Europe S.A.S, France), water and 2 pl of bisulfite-
modified DNA in a Veriti Thermocycler (Applied Biosystems,
CA). The cycling condition consisted of an initial denaturation
at 95 °C for 7 min, 40 cycles of denaturing at 95 °C for 45 s, an-
nealing at 59 °C for 45s, and extension at 72 °C for 60 s, followed
by final extension for 5 min at 72 °C. CpG universal methylated
and unmethylated DNA (Zymo Research Corporation, USA) were
also treated with bisulfite and used as controls. Amplified products
were electrophoresed on 2 % agarose gels and visualized under
ultraviolet light after staining with ethidium bromide.

Statistical analysis

Obtained data were analyzed by using MATLAB rel. 2014a
software (Mathworks, Inc., Massachusetts, USA). Because the
Lilliefors test of normality had rejected the hypothesis of normal
distribution, the data were analyzed by the Wilcoxon signed-rank
one-tailed test. The possible associations between monitored bio-
markers and important factors of exposure were evaluated by us-
ing the Spearman rank-order test. The findings were considered
significant when the probability level (p) was below 0.05.

Results

Based on the significant decrease in the value of PASI score
(p <0.001), we can state that the efficacy of the therapy was suf-
ficiently high (Tab. 1). The effect of smoking on the disease status

Tab. 1. The influence of GT and smoking on the level of PASI score®.

Whole group (smokers and nonsmokers)
Before GT (n=23) After GT (n=23)

Significance
of difference

16.20 7.80
(12.70-20.85) (6.60-10.75) p < 0.001 (0.0000)
Nonsmokers Significance
Before GT (n=12) After GT (n=12) of difference
15.00 8.00
(12.55-20.10) (6.65-9.20) p <0.001 (0.0002)
Smokers Significance
Before GT (n=11) After GT(n=11) of difference

19.20 7.60
(14.85-20.85) (6.38-12.45)

2The values of PASI score are presented as median and lower —upper quartile because
of non-normal data distribution; p = Wilcoxon matched-pairs test

p <0.001 (0.0005)
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Tab. 2. The influence of GT and smoking on level of the p53 protein®.

Tab. 3. The level of BPDE-DNA adducts before and after the therapy.

Whole group (smokers and nonsmokers)
Before GT (n=23) After GT (n=23)

Significance
of differences

BPDE-DNA adducts (smokers and nonsmokers) Significance

Before GT (n=21) After GT (n=21) of differences

6.10 9.20 9.50 11.80
(4.50-9.40) (6.20-13.00) p <0.01(0.0022) (8.45-11.50) (9.80-15.00) p < 0.01(0.0075)
Non-smokers Significance BPDE-DNA adductsc (nonsmokers) Significance
Before GT (n=12) After GT (n=12) of differences Before GT (n=10) After GT (n=10) of differences
5.45 9.05 9.35 10.65
(4.20-9.00) (6.65-11.20) p <0.01(0.0012) (8.00-11.50) (8.60-13.20) NS (0.0654)
Smokers Significance BPDE-DNA adductsc (smokers) Significance
Before GT (n=11) After GT (n=11) of differences Before GT (n=11) After GT (n=11) of differences
8.50 9.0 9.90 12.30
(4.68-13.75) (5.43-16.70) NS (0.1392) (8.68-11.33) (11.03-21.08) p < 0.05(0.0269)

*The values of the p53 protein (picograms of p53 per milliliter of serum) are presented
as median and lower — upper quartile because of non-normal data distribution; p =
Wilcoxon matched-pairs test
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Fig. 1. Distribution of serum levels of the p53 protein. The levels are
expressed as picograms of the p53 protein per ml of serum. The scat-
ter plot depicts the p53 protein values before and after GT. Each dot
belongs to one patient. The top histogram shows data distribution
before treatment; the right-side histogram corresponds to the post-
treatment values distribution. The white and black zones represent
data on nonsmokers and smokers, respectively.

(PASI score) was not significant in our study group. The differences
in the level of PASI scores between smokers and non-smokers
were as follows: p = 0.4055 before GT and p = 0.8055 after GT.

The therapy significantly increased serum level of the p53
protein in the whole group of patients (p < 0.01), however there
were some differences in the biological answer when the group
was divided into smokers and non-smokers (NS for smokers and
p <0.01 for non-smokers). The scatter plot shown below depicts
the distribution of serum levels of the p53 protein before and after
GT while considering the smoking status of patients (Tab. 2, Fig.
1). The effect of smoking on the serum level of the p53 protein
was not significant in our study group. The differences in the p53
protein levels between smokers and nonsmokers were as follows:
p =0.2672 before GT and p = 0.8293 after GT.

In the present study we used MSP for analysis of methylation
in p53 gene to analyze samples from 22 patients with chronic

The levels are expressed as ng of BPDE-DNA adducts per 1g of DNA and the average
concentration is presented as median and lower—upper quartile because of non-normal
data distribution; p = Wilcoxon matched-pairs test; NS = non-significant difference

Tab. 4. Percent of 5S-mC before and after the therapy.

Methylation (smokers and nonsmokers) Significance
Before GT (n=22) After GT (n=22) of differences
3.55 3.35 NS (0.7189)
(2.10-8.50) (2.50-7.50)
Methylationa (nonsmokers) Significance
Before GT (n=11) After GT (n=11) of differences
5.50 7.50 NS (0.9004)
(2.50-9.65) (3.00-10.05)
Methylationa (smokers) Significance
Before GT (n=11) After GT (n=11) of differences
3.20 2.80 NS (0.3120)
(2.10-4.13) (1.95-3.43)

Percent of 5-mC in a DNA sample is presented as median and lower—upper quartile
because of non-normal data distribution; p = Wilcoxon matched-pairs test; NS =
non-significant difference
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Fig. 2. Distribution of values of BPDE-DNA adducts. The levels are
expressed as ng of BPDE-DNA adduct per pg of DNA. The scatter plot
depicts BPDE-DNA values before and after GT. Each dot belongs to
one patient. The top histogram shows data distribution before treat-
ment; the right-side histogram corresponds to the posttreatment values
distribution. The white and black zones represent data on nonsmokers
and smokers, respectively.
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Fig. 3. Distribution of values of 5-mC. The levels are expressed as
percent of 5-mC in DNA. The scatter plot depicts 5S-mC values before
and after GT. Each dot belongs to one patient. The top histogram
shows data distribution before treatment; the right-side histogram
corresponds to the posttreatment values distribution. The white and
black zones represent data on nonsmokers and smokers, respectively.

stable plague psoriasis treated with GT. Using MSP for p53,
methylation was observed in patients neither before nor after the
treatment. Tables 3 and 4 summarize the results of biomonitoring
of the genotoxic effect associated with the application of GT in
the observed group. After GT, we found a significantly increased
level of BPDE-DNA adducts (p < 0.01). No significant changes
were found in the percentage of 5-mC before or after GT. Scatter
plots (Figs 2 and 3) depict the distribution of values of 5-mC and
BPDE-DNA before and after GT. Each dot belongs to one patient.

Discussion

We found a significant decrease in the PASI score after GT. The
decrease was recorded in the subgroups of smokers (p = 0.0005)
and nonsmokers (p = 0002), as well as in the sub-group involv-
ing both smokers and nonsmokers (p = 0.0000). Table 1 shows an
appreciable but statistically nonsignificant difference (p = 0.4055)
between the average values in the PASI score (before the thera-
py) in smokers (19.20) and nonsmokers (15.00). However, after
the therapy the corresponding average values of the PASI score
in both subgroups were decreased at an almost same level; 7.60
in smokers and 8.00 in non-smokers. This effect may be related
to the smoking habit of patients before hospitalization and to the
strong influence of the therapy. It should be noted that according
to questionnaire responses, the patients were moderate, irregular
smokers (up to 10 cigarettes per day before hospitalization) and
their smoking was substantially reduced during hospitalization.

Carcinogenicity of PAHs and UV radiation (as a part of GT)
has been studied in experimental animals and in humans. However,
there is still only a limited amount of data on the carcinogenicity
of GT. However, it is evident that both components of the therapy
(CCT and UVR) present a relatively high carcinogenic potential.
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Moreover, in a situation of combined exposure to PAHs and UV
radiation, their synergistic effect on generation of ROS (reac-
tive oxygen species), lipid peroxidation, and DNA damage can
be expected (15, 35). This is important in order to find suitable
bioindicators for the genotoxic risk of GT that can destabilize the
genetic cellular homeostasis. This would be important mainly for
patients at higher risk of cancer, such as those with BRCA1, 2 or
p53 germline mutations.

In normal cells, wtp53 appears to be typically present in a
latent form of p53. The steady-state levels of latent p53 are ex-
tremely low owing to a very rapid rate of proteolytic degradation.
In normal cells or tumor cells that still retain wtp53 expression,
the activation of endogenous wtpS3 in response to extracellular
or intracellular stimuli results in accumulation of a stabilized, bio-
chemically altered protein (36, 37). The increase in wtp53 acti-
vity can lead to various cellular outcomes such as cell cycle arrest
and induction of apoptosis. It is believed that these dramatic bio-
logical effects of activated wtp53 may mediate much of its tumor
suppressor function, particularly when they occur in cells which
have accumulated defects in their DNA or chromosomes. In such
situations, the activation of pS3 would prevent the perpetuation
of genomic damage, and ensure that these potentially dangerous
cells will not multiply and take over the normal population (38).

The presence of protein p53 in plasma is recognized as an in-
dicator of cell response to DNA damage (39). It has been reported
that increased blood serum protein p53 concentrations have a prog-
nostic value in early diagnosis of lung cancer caused by previous
airborne exposure to PAHs (39). In addition, serum levels of p53
in some cases are elevated prior to the time of clinical diagnosis
of the disease risk, and thus may be an early biomarker (40). In
accordance with this study, we found significantly increased se-
rum levels of p53 after dermal exposure to PAHs in our patients
with psoriasis, namely 6.10/4.50-9.40 pg/mL (median/lower-upper
quartile) vs. 9.20/6.20-13.00 pg/iml (median/lower-upper quartile)
for p53 before and after GT, respectively; p <0.01.

PAHs may exert their mutagenic, genotoxic, and carcinogenic
properties by two major mechanisms. One pathway includes an
induction of oxidative stress; the second one includes a formation
of specific PAHs-DNA adducts (41). Benzo(a)pyrene is notable
for being the first chemical carcinogen to be discovered. BaP is
a five-ring PAH known to be a procarcinogen. Its mechanism of
carcinogenesis is dependent on a three-step process of enzymatic
metabolism leading to the final mutagen. The steps include a gene-
ration of benzo(a)pyrene-7,8-epoxide, benzo(a)pyrene-7,8-diol,
and finally benzo(a)pyrene-7,8-diol-9,10-epoxide (BPDE). The
very reactive BPDE binds covalently to proteins, lipids, and DNA
(guanine residues) to produce BPDE-DNA adducts. If left unre-
paired, DNA adducts may lead to permanent mutations resulting
in cell transformation and ultimately to tumor development (42).
Biological monitoring includes indicators of exposure, biological
effect, and susceptibility. The BPDE-DNA adducts can be indica-
tive of both exposure and genotoxic effect of BaP. The level of
BPDE-DNA adducts is determined by the character of BaP me-
tabolism (metabolic enzyme activities) and by the degree of repa-
ration mechanisms. In Table 4, it is shown that the level of BPDE-
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DNA adducts was significantly increased after the therapy (9.5 vs
11,8 ng BPDE-DNA adducts/pg DNA; p <0.01), which indicates
an increased hazard of genotoxic effect related to the treatment.

Human tumors undergo a global overall loss of DNA methyla-
tion which affects the chromosome stability, but also they acquire
hypermethylation at specific promoters (43, 44). Increased methyl-
ation in the transcribed region has a variable effect on gene expres-
sion. Several mechanisms have been proposed to account for tran-
scriptional repression by DNA methylation. The first mechanism
involves direct interference with the binding of specific transcrip-
tion factors to their recognition sites in their respective promoters
(45). The second mode of repression involves a direct binding of
specific transcription repressors to methylated DNA (46). DNA
methylation can also affect histone modification and chromatin
structure, which in turn can alter the gene expression (47). Com-
pared to normal cells, the malignant cells show major disruptions
of their DNA methylation patterns (25). The underlining mecha-
nisms that cause these changes are unknown, but there is a sug-
gestion that at least a subset of DNA methylation changes occurs
early in tumor development and may even initiate carcinogenesis.

Most research has been concerned with local hypermethyla-
tion of CpG islands. Alegria-Torres et al. demonstrated that DNA
methylation may provide a novel indicator of the early environ-
mental impact of PAHs exposure on gene function. They found
associations between IL-12 and p53 DNA methylation and PAHs
exposure, even at low concentration. In our study we analyzed
the methylation in p53 gene as a potential biomarker. Based on
our results it seems that the methylation of p53 is affected neither
by psoriasis nor by GT, and therefore, the methylation in inves-
tigated CpG sites of p53 would not be a suitable bioindicator for
genotoxic risk of GT (29).

Blood DNA methylation is affected by exposure to environ-
mental and lifestyle cancer risk factors such as smoking, alcohol,
and other carcinogens (48). Exposure to solar UV radiation may
also reduce DNA methylation in circulating lymphocytes (49).
Therefore, blood methylation may provide a useful biomarker for
monitoring the cancer risk. Genome-wide DNA hypomethylation
is a decrease in the overall genomic methylcytosine content (com-
pared to total cytosines) from approximately 4 % in normal tissue
to 2-3 % in cancer tissue. Hypomethylation is present highly in
repetitive and moderately repetitive sequences as well as in sin-
gle-copy DNA sequences across the genome (50). In our study,
we found 3.55/2.10-8.50 percent of 5-mC (median/lower-upper
quartile) vs. 3.35/2.50-7.50 percent of 5-mC (median/lower-up-
per quartile) before and after GT. In the subgroup of smokers, we
found 3.20/2.10—4.13 percent of 5-mC vs. 2.80/1.95-3.43 before
and after GT. The difference between the percentage of 5-mC be-
fore and after GT was statistically not significant. However, the
smokers’ subgroup yields a visible reduction in 5-mC below 3 %
after treatment, which could indicate a higher genotoxic risk of GT.

Conclusion

The genotoxicity of PAHs and UV radiation (as a part of GT)
relates to mutagenicity, carcinogenicity and epigenetic regulation.

Although this study shows an excellent efficacy for 3 % CCT,
the results for p53 in serum and the level of BPDE-DNA adducts
after GT are concerning. The significantly elevated serum level
of p53 protein and increased presence of BPDE-DNA adducts in
peripheral lymphocytes after treatment support the assumption
that GT presents an increased genotoxic risk. However, it must
be acknowledged that BPDE-DNA adducts also reflect individual
variations in metabolic enzyme activity (different extent of bio-
activation of BaP to BPDE) as well as the overall efficiency of
DNA/RNA repair system. In the smokers’ subgroup, we found a
reduction in 5-mC below 3 % CCT after treatment, which could
indicate an increased genotoxic risk of GT in these patients. Our
study also shows that the analysis of methylation in selected CpG
sites of p53 gene is not a suitable marker for monitoring the geno-
toxic effect related to GT.
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