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Some specific antibodies indicate the presence of antigenic structures on DNA (DNA adducts) that can play an important role in
the process of mutagenesis and/or carcinogenesis. They indicate the presence of increased genotoxic potential (hazard) prior to
the formation of disease (primary prevention). The present study was focused on the serum level of benzo[a]pyrene 7,8-diol-9,10-
epoxide-DNA adducts antibodies (anti-BPDE-DNA) in psoriatic patients (𝑛 = 55) dermally exposed to different levels of polycyclic
aromatic hydrocarbons (PAHs).The general goal of the study was to contribute to better understanding of the value of the assumed
biomarker (anti-BPDE-DNA) for evaluation of the organism’s answer to genotoxic exposure to PAHs. Elevated level of exposure to
PAHs resulted in the increased level of anti-BPDE-DNA. However, almost all levels of anti-BPDE-DNA ranged within the field of
low values. Both variants of GT (CCT-3% andCCT-5%) induced higher expression of anti-BPDE-DNA in the group of nonsmokers.
Significant relations between the level of anti-BPDE-DNA and PASI score, total duration of the therapy, or time of UVR exposure
were not found. Further studies are needed to reduce interpretation uncertainty of this promising bioindicator.

1. Introduction

The immune response to the antigenic changes in cancer
cells includes expression of serum antibody against these
cellular antigens (tumor-associated antigens, TAAs). The
serum antibody against TAAs can be used as biomarker in
cancer immunodiagnosis. In this case, we can talk about the
biomarkers in early secondary prevention [1].

Other specific antibodies indicate the presence of anti-
genic structures on DNA (DNA adducts) that can play
an important role in the process of mutagenesis and/or

carcinogenesis.They indicate the presence of increased geno-
toxic potential (hazard) prior to the formation or develop-
ment of disease. Here we can talk about the biomarkers in
primary prevention. The persistence and stability of given
antibodies in the serum is an advantage over other potential
markers which are rapidly degraded due to reparation pro-
cesses (for example chromosomal aberration) [2].

Polycyclic aromatic hydrocarbons (PAHs) are recognized
as potential environmental mutagens/carcinogens, requir-
ing bioactivation [3]. Typical representative of the group
of PAHs is benzo[a]pyrene (BaP). BaP and its ultimate

Hindawi Publishing Corporation
Journal of Immunology Research
Volume 2014, Article ID 834389, 6 pages
http://dx.doi.org/10.1155/2014/834389



2 Journal of Immunology Research

metabolite benzo[a]pyrene 7,8-diol 9,10-epoxide (BPDE), are
classical DNA damaging carcinogens which produce DNA
adducts [4]. Formation of DNA adducts is generally one
of the assumed mechanisms of PAHs induced mutagene-
sis/carcinogenesis. In this sense, increased levels of DNA
adducts can represent an increased genotoxic potential of
exposure. Adducted DNA becomes antigenic and induces
immune response by production of antibodies against BPDE-
DNAadducts (anti-BPDE-DNA). Anti-BPDE-DNAhas been
found in serum of PAHs exposed subjects (occupational
exposures, smokers) [1, 5]. Accordingly, the presence of
circulating anti-carcinogen antibody has been proposed as
a biomarker of genotoxic exposure (DNA damage) [6, 7].
However, the use of this bio-indicator is still associated with
considerable uncertainty concerning the interpretation of
results.

Psoriasis is a chronic, relapsing and remitting immune-
mediated inflammatory skin disease that has a prevalence
of 2-3% in the world’s population, whence 1-2% in Europe
[8, 9]. In 1925, William H. Goeckerman from the Mayo
Clinic reported the successful use of topical crude coal tar
(CCT) and broad-spectrum of UV radiation (UVR) in the
treatment of psoriasis [10]. This medical procedure is known
as Goeckerman therapy (GT). Despite the availability of
newer treatments, classical topical treatments for psoriasis
still have an important position for selected patient popu-
lations [11]. Topical treatment, including GT, is now applied
in approximately 75% of cases which are classified as light to
moderately severe forms [12, 13]. Fundamental mechanism of
the therapeutic effects of CCT is based on immunosuppres-
sion (caused by high portion of PAHs) without evidence of
systemic immuno-toxicity [14].

The use of GT has recently decreased for several reasons,
including supposed genotoxicity of CCT [14–17]. The CCT
is rich in PAHs and GT therefore presents heavy dermal
exposure to mutagenic/carcinogenic PAHs. The mutagenic-
ity/carcinogenicity of CCT has been shown in animal studies
and studies in occupational settings [18, 19] but there was no
clear evidence of an increased risk of skin tumors or internal
tumors after the therapy of CCT [3, 20].

Presented study is focused on the serum level of anti-
BPDE-DNA in psoriatic patients dermally exposed to PAHs
(CCT). General goal is to contribute to better understanding
the value of assumed biomarker (anti-BPDE-DNA) for eval-
uation of the organism’s reaction to genotoxic exposure (BaP)
and for evaluation of the protective capacity of the immune
system (against BPDE-DNA adducts). During the study, we
investigated (1) whether changes in the level of genotoxic
exposure (CCT/BaP) affect the level of anti-BPDE-DNA and
(2) other important factors which could affect exposure the
level of anti-BPDE-DNA.

2. Material and Methods

2.1. Study Groups. Themonitored group consisted of patients
with chronic stable plague psoriasis, treated by GT at the
Clinic of Dermal and Venereal Diseases, University Hospital
Hradec Kralove (Czech Republic). Over the period of four

years we collected data from 55 adult patients. Of this num-
ber 23 patients were treated with dermatological ointment
containing 3% of CCT (CCT-3% group) and 32 patients
were treated with ointment containing 5% of CCT (CCT-5%
group). The CCT-3% group consisted of 12 women and 11
men, the average age of 40 years, age variance 18–75 years,
11 smokers and 12 nonsmokers.The CCT-5% group consisted
of 13 women and 19men, average age of 57 years, age variance
18–75 years, 14 smokers and 18 nonsmokers.

With the use of the questionnaire, we checked the patients
for previous excessive exposure to PAHs and artificial UVR.
The patients who had prior excessive exposure to PAHs
and/or artificial UVR were excluded from the monitored
group. The study was approved by the Ethics Committee of
the University Hospital in Hradec Kralove, Czech Republic.
Informed written consent was obtained from each patient.

2.2. Goeckerman Therapy. Dermatological ointment con-
taining 3% and 5% of CCT (pharmaceutical grade crude
coal tar; CCT-3% and CCT-5%) was administered daily
overnight on psoriatic lesions (10–75% of total body surface
inmonitored group).The content of BaP in the sample of used
pharmaceutical grade crude coal tar was 0.008mg/g CCT.
In morning, the residue of tar ointment was removed from
the body (using oil bath) and the patient was whole-body
irradiated by UVR. The irradiation was individual according
to the disease activity (1–15min). The density of radiation
was 248.17 𝜇W/cm2 for UV-B and 132.1 𝜇W/cm2 for UV-A
(controlled by Sola-Scope 2000 spectrometer; Solatell, UK).
Duration of the therapy was determined by the status of the
disease and with regard to the treatment efficacy (average
duration of 13 days; range of 10–22 days). The efficacy was
calculated from the actual state of erythema, desquamation,
and skin infiltration by using of PASI score (Psoriasis Area
Severity Index) [21]. The therapy was ceased when 50%
decrease of PASI was achieved.

2.3. Serum Level of Anti-BPDE-DNA. Samples of heparinized
venous blood were obtained by venipuncture of the cubital
vein before first treatment and again after completion of
GT (at the day of dismissal from the hospital) using BD
Vacutainer sampling tubes. Blood sera were isolated by
centrifugation. Serum samples were stored under −70∘C
until they were analyzed. Repeated thawing and freezing
were avoided. Serum level of anti-BPDE-DNA (IgG/IgM)
was analyzed by ELISA method (ELISA-VIDITEST anti-
BPDE-DNA human, VIDIA, Jesenice, Czech Republic). The
results were expressed in the form of Evaluation Index (EI =
absorbance of evaluated serum/absorbance of high positive
control serum). Samples with EI less than 0.5 are termed as
the serum with low levels of anti-BPDE-DNA. Analogously,
serum samples with EI greater than 0.5 are referred to as the
serumwith high level of anti-BPDE-DNA (ELISA-VIDITEST
anti-BPDE-DNA human, VIDIA, Jesenice, Czech Republic).

2.4. Statistical Analysis. Data were analyzed by using MAT-
LAB rel. 2013b software (Mathworks, Inc., Massachusetts,
USA). Because the Lilliefors test of normality had rejected the
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Table 1: The serum level of anti-BPDE-DNA before and after the therapy (all patients).

CCT content Anti-BPDE-DNA Statistical significance of
differencesBefore GT After GT

CCT-3%
(𝑛 = 23)

0.22
(0.18–0.29)

0.28
(0.20–0.34) 𝑃 < 0.01

CCT-5%
(𝑛 = 32)

0.31
(0.25–0.45)

0.37
(0.28–0.48) 𝑃 < 0.001

Statistical significance of differences 𝑃 < 0.01 𝑃 < 0.05
Anti-BPDE-DNA values (expressed as the EI) are presented as median (lower–upper quartile) because of nonnormal data distribution; 𝑛: number of subjects;
𝑃: Wilcoxon matched-pairs test.

Table 2: The serum level of anti-BPDE-DNA before and after the therapy (nonsmokers).

CCT content Anti-BPDE-DNA Statistical significance of
differencesBefore GT After GT

CCT-3%
(𝑛 = 12)

0.23
(0.17–0.30)

0.28
(0.19–0.43) 𝑃 < 0.001

CCT-5%
(𝑛 = 18)

0.34
(0.28–0.47)

0.38
(0.30–0.50) 𝑃 < 0.05

Statistical significance of differences 𝑃 < 0.05 NS
Anti-BPDE-DNA values (expressed as the EI) are presented as median (lower–upper quartile) because of nonnormal data distribution; 𝑛: number of subjects;
𝑃: Wilcoxon matched-pairs test.

hypothesis of normal distribution, nonparametric tests were
used. Data were analyzed by the Wilcoxon signed rank test.
The effect of smoking was evaluated by the Wilcoxon rank
sum test. The association between serum level of anti-BPDE-
DNA after the therapy and selected parameters was evaluated
by Spearman Rank Order Correlations.

3. Results

After the statistical processing of results stated in Tables 1–3,
we have found that both variants of the therapy (group with
CCT-3% and group with CCT-5%) significantly increased
serum level of anti-BPDE-DNA. The therapy with CCT-5%
increases the level of anti-BPDE-DNA at a higher level of
significance (𝑃 < 0.001) than the therapy with CCT-3% (𝑃 <
0.01). However, it must be stated, thatmajority of anti-BPDE-
DNA values (approx. 85% of all samples) ranged in the field
of low values (EI < 0.5), regardless whether it was collected
before or after therapy (Figure 1).

Both variants of the therapy significantly improved the
status of the disease (decreased PASI score; 𝑃 < 0.001)
which generally confirmed high effectiveness of the therapy.
In comparison to CCT-3% variant, the effectiveness of the
CCT-5% variant, expressed as PASI score, was higher by
about 12% (Table 4).

The serum levels of anti-BPDE-DNA in smokers and
non-smokers (before and after the treatment) were compa-
rable (Tables 2 and 3). However, it seems that both variants of
the treatment induced higher expression of anti-BPDE-DNA
in the group of non-smokers (Tables 2 and 3 and Figures 2
and 3).

The therapy increased the level of anti-BPDE-DNA and
decreased PASI score; however, we found no significant

relationship between these two parameters (CCT-3%, 𝑟 =
−0.17; CCT-5%, 𝑟 = −0.22). As well, the relationships
between final level of anti-BPDE-DNA and total duration
of the therapy (CCT-3%, 𝑟 = 0.21; CCT-5%, 𝑟 = 0.10),
and between final level of anti-BPDE-DNA and time of UVR
exposure (CCT-3%, 𝑟 = 0.18; CCT-5%, 𝑟 = 0.25) were not
significant.

Scatter plots (Figures 1, 2, and 3) depicts anti-BPDE-DNA
values before and after the GT therapy. Each dot belongs to
one patient. The open dots mark patients from the group
treated by CCT-3%, the black filled dotsmark patients treated
by CCT-5%. Values above the dotted diagonal line reflect
increase of the anti-BPDE-DNA after the therapy. Probabil-
ity of difference between the pre- and the post-treatment
medians was evaluated by Wilcoxon signed rank test. The
top histogram shows distribution of the anti-BPDE-DNA
before treatment; the white color corresponds to the patients
with CCT-3%, added black bars represent the patients with
CCT-5%. The right side histogram corresponds to the after
treatment distribution of anti-BPDE-DNA values.

4. Discussion

After exposure to BaP, antibodies (IgG and IgM) against
BaP can be detected in human serum. These antibodies are
capable of scavenging BaP from the environment and thereby
block its metabolic activation in cells [1]. This immune
response may decrease the risk of cancer.

The situation is different with antibodies (IgG and IgM)
against BPDE-DNA adducts. Elevated levels of these anti-
bodies were found in the population of individuals exposed
to higher concentrations of PAHs and corresponded with
increased levels of DNA adducts at a group level. The serum
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Table 3: The serum level of anti-BPDE-DNA before and after the therapy (smokers).

CCT content Anti-BPDE-DNA Statistical significance of
differencesBefore GT After GT

CCT-3%
(𝑛 = 11)

0.21
(0.18–0.28)

0.28
(0.20–0.31) NS

CCT-5%
(𝑛 = 14)

0.30
(0.24–0.38)

0.35
(0.25–0.45) 𝑃 < 0.05

Statistical significance of differences NS NS
Anti-BPDE-DNA values (expressed as the EI) are presented as median (lower–upper quartile) because of nonnormal data distribution; 𝑛: number of subjects;
𝑃: Wilcoxon matched-pairs test.

Table 4: The effectiveness of the therapy (PASI score).

CCT content PASI score Statistical significance of
differences Efficiency (%)

Before GT After GT
CCT-3%
(𝑛 = 23)

16.20
(12.70–20.85)

7.80
(6.60–10.70) 𝑃 < 0.001 50.9

(41.9–60.58)
CCT-5%
(𝑛 = 32)

17.10
(14.80–20.60)

6.05
(4.30–7.95) 𝑃 < 0.001 62.7

(52.4–74.0)
Statistical significance of differences NS 𝑃 < 0.05 𝑃 < 0.01
The effectiveness of the therapy is expressed as the PASI score; the values are presented as median (lower–upper quartile) because of nonnormal data
distribution; 𝑛: number of subjects; 𝑃: Wilcoxon matched-pairs test.
Calculation of the efficiency of the treatment: (100 − [PASI after GT/PASI before GT] × 100).
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Figure 1: Distribution of values of anti-BPDE-DNA (all patients).
Legend: Scatter plot depicts anti-BPDE-DNA values before and after
the GT therapy. All together 55 dots represent 110 measurements,
each dot belongs to a one patient.

level of anti-BPDE-DNA reflects either the previous exposure
of the individual to BaP and/or the immune status and pro-
tective capacity of the immune system against BaP induced
cancer [5].

Biological monitoring includes indicators of exposure,
effect and susceptibility. BPDE-DNA adducts can be
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Figure 2:Distribution of values of anti-BPDE-DNA (non-smokers).
Legend: Scatter plot depicts anti-BPDE-DNA values before and after
the GT therapy. All together 30 dots represent 60 measurements,
each dot belongs to a one patient.

indicative of both exposure and genotoxic effects of BaP.
Circulating anti-BPDE-DNA signals the presence of BPDE-
DNA adducts. The intensity of that signal depends (among
others) on the level of BPDE-DNA adducts. The level of
BPDE-DNA adducts is determined by the character of BaP
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metabolism and by the degree of adaptation and reparation
processes.

There are only few epidemiological studies of PAHs
exposed population to assess the impact of carcinogen-
specific antibodies on their risk of tumor development and
on their relation to other indicators of genotoxic exposure
[1, 5]. Also, few attempts have been made in vivo or in
vitro to understand the implications of an antibody response
to metabolic activation of carcinogens and carcinogene-
sis. Recent study provided evidence that specific humoral
immunity may modulate the genotoxic effect induced by
subsequent carcinogen exposure, however, the mechanisms
involved remain largely unexplored [1].

Scientific data concerning the level of anti-BPDE in
the treatment of CCT are very limited. In one study, a
group of psoriatic patients (treated by CCT) was used as
a model for evaluation the suitability of immunoassays
for the biomonitoring of exposure to BaP and related
PAHs. The assays included measurement of PAH diol
epoxide-DNA adducts in white blood cells, PAH-albumin
adducts and serum levels of antibodies recognizing BP diol
epoxide-DNA adducts. PAH-DNA adducts were elevated
in patients: mean 6.77 ± 12.05/10(8) compared to con-
trols: 4.90 ± 8.81/10(8), (𝑃 = 0.12), however there was
no difference in PAH-albumin adducts between patients
(mean 0.61 ± 0.31 fmol/micrograms) and controls (0.63 ±
0.30 fmol/micrograms). About 30% of patients and controls
had measurable titer of antibodies recognizing BPDE-DNA
adducts [22].

In presented study we have found that both variants
of the therapy (group with CCT-3% and group with CCT-
5%) significantly increased serum level of anti-BPDE-DNA
(Table 1, Figure 1). Nevertheless, it must be stressed that
majority of anti-BPDE-DNA values (85% of all samples)
ranged within the field of low values (EI < 0.5).

A person is exposed to PAHs from many sources daily.
These substances are virtually ubiquitous and contaminate
air, water and food [2, 14]. From this perspective, it is
understood that a certain level of antibodies will be present
in all individuals. Smoking increases the level of BPDE-
DNA adducts [23]. Serum anti-BPDE-DNA can be detected
in smokers, and its persistence for months after smoking
cessation suggests its usefulness for relatively long-term
surveys [24]. On the other hand, it seems that long term
chronic exposure to PAHs (for instance, by smoking) reduces
body immune response and presumably reduces levels of
anti-PAHs antibodies [1, 25].

Similar situation can be seen at GT. Application of
CCT (PAHs) increases the level of BPDE-DNA adducts and
consequently increases the production of anti-BPDE-DNA.
However, PAHs have also immunosuppressive effect and
can reduce the production of anti-BPDE-DNA in this way.
Therefore, the final level of anti-BPDE-DNA is probably the
result of these conflicting processes.

Before the therapy we found in the group of smokers
lower levels of anti-BPDE-DNA. It may be related to the
above-described immunosuppressive effect of chronic expo-
sure to tobacco smoke which can reduce expression of anti-
BPDE-DNA. This assumption is also supported by the fact
that in non-smokers, we found more significant increase of
the anti-BPDE-DNA level than in smokers (Tables 2 and 3
and Figures 2 and 3). In addition, adaptation mechanisms (in
smokers) will undoubtedly reduce the answer of the organism
per unit dose of mutagenic stimulus (BaP).

State of repair mechanisms can significantly affect the
level of BPDE-DNA adducts (and consequently anti-BPDE-
DNA). Smokingmay induce the repair mechanism but also it
can cause their overload.

GT is used mainly for chronic stable plaque psoriasis
and has a high benefit for patients with refractory psoriasis
[13]. Also, in the present study, both variants of the therapy
significantly improved the status of the disease (decrease
of PASI score; 𝑃 < 0.001) and confirmed generally high
effectiveness of the GT.

5. Conclusion

The serum level of anti-BPDE-DNA in psoriatic patients
(dermally exposed to different level of CCT/PAHs) has been
observed. Elevated level of genotoxic exposure (BaP) resulted
in an increased level of anti-BPDE-DNA.However, almost all
levels of anti-BPDE-DNA ranged in the field of low values.
Both variants of GT (CCT-3% a CCT-5%) induced higher
expression of anti-BPDE-DNA in the group of non-smokers.
Significant relationships between the level of anti-BPDE-
DNA and PASI score, total duration of the therapy or time
of UVR exposure were not found. Further studies are needed
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to reduce interpretation uncertainty of this promising bio-
indicator.
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to benzo(a)pyrene diol epoxide-DNA adducts in the general
population: effects of air pollution, tobacco smoking, and family
history of lung diseases,” Cancer Research, vol. 58, no. 18, pp.
4122–4126, 1998.

[6] S. Pavanello, L. Dioni, M. Hoxha et al., “Mitochondrial DNA
copy number and exposure to polycyclic aromatic hydrocar-
bons,”Cancer Epidemiology, Biomarkers and Prevention, vol. 22,
pp. 1722–1729, 2013.

[7] R. Galati, A. Zijno, R. Crebelli et al., “Detection of antibodies
to the Benzo(a)pyrene diol epoxide-DNA adducts in sera
from individuals exposed to low doses of polycyclic aromatic
hydrocarbons,” Journal of Experimental and Clinical Cancer
Research, vol. 20, no. 3, pp. 359–364, 2001.

[8] N. Balato, L. Di Costanzo, F. Ayala et al., “Psoriatic disease and
tuberculosis nowadays,” Clinical and Developmental Immunol-
ogy, vol. 2012, Article ID 747204, 10 pages, 2012.

[9] R. Gupta, M. Debbaneh, D. Butler et al., “The Goeckerman
regimen for the treatment of moderate to severe psoriasis,”
Journal of Visualized Experiments, vol. 77, Article ID e50509,
2013.

[10] M. L. Orseth and T. G. Cropley, “What’s in a Name?: Goecker-
man therapy,” JAMADermatology, vol. 149, pp. 1409–1409, 2013.

[11] A. G. Hendriks, R. R. Keijsers, E. M. de Jong et al., “Combi-
nations of classical time-honoured topicals in plaque psoriasis:
a systematic review,” Journal of the European Academy of
Dermatology and Venereology, vol. 27, pp. 399–410, 2013.

[12] A. Zampetti, A. Barone, D. Antuzzi et al., “Topical preparations
for the treatment of psoriasis: results of a retrospective study
over 15 years,” Journal of Dermatological Treatment, vol. 19, no.
3, pp. 134–140, 2008.

[13] M. L. Moscaliuc, M. M. Heller, E. Lee et al., “Goeckerman
therapy: a very effective, yet often forgotten treatment for severe
generalized psoriasis,” Journal of Dermatological Treatment, vol.
24, pp. 34–37, 2013.

[14] L. Borska, Z. Fiala, C. Andrys et al., “Goeckerman’s regimen:
genotoxic, pro-apoptotic, anti-inflamatory and anti-angiogenic
effect,” inDermatology Research: Focus on Acne,Melanoma, and
Psoriasis, F. Columbus, Ed., vol. 11788, pp. 141–165, Nova Science
Publishers, Hauppauge, NY, USA, 2010.

[15] W. Peter Arnold, “Tar,” Clinics in Dermatology, vol. 15, no. 5, pp.
739–744, 1997.

[16] K. V. Paghdal and R. A. Schwartz, “Topical tar: back to the
future,” Journal of the American Academy of Dermatology, vol.
61, no. 2, pp. 294–302, 2009.

[17] L. Borska, J. Smejkalova, M. Cerna et al., “Urinary mutagenicity
and genotoxic risk in children with psoriasis after therapeutic
exposure to polycyclic aromatic hydrocarbons and ultraviolet
radiation,”Mutation Research: Genetic Toxicology and Environ-
mental Mutagenesis, vol. 696, no. 2, pp. 144–147, 2010.

[18] Cosmetic Ingredient Review Expert Panel, “Final safety assess-
ment of coal tar as used in cosmetics,” International Journal of
Toxicology, vol. 27, pp. 1–24, 2008.

[19] Food and Drug Administration, HHS (FDA), “seborrheic
dermatitis, and psoriasis drug products containing coal tar
and menthol for over-the counter human use, amendment to
themonograph. Final rule,” Federal Register, vol. 72, pp. 9849–
9852, 2007.

[20] J. H. J. Roelofzen, K. K. H. Aben, P. G. M. van der Valk, J. L. M.
vanHoutum, P. C.M. van deKerkhof, and L. A. L.M.Kiemeney,
“Coal tar in dermatology,” Journal of Dermatological Treatment,
vol. 18, no. 6, pp. 329–334, 2007.

[21] M. A. de Rie, A. Y. Goedkoop, and J. D. Bos, “Overview of
psoriasis,” Dermatologic Therapy, vol. 17, no. 5, pp. 341–349,
2004.

[22] R. M. Santella, F. P. Perera, T. L. Young et al., “Polycyclic aro-
matic hydrocarbon-DNAandprotein adducts in coal tar treated
patients and controls and their relationship to glutathione S-
transferase genotype,”Mutation Research: EnvironmentalMuta-
genesis and Related Subjects, vol. 334, no. 2, pp. 117–124, 1995.

[23] J. Topinka, A. Milcova, H. Libalova et al., “Biomarkers of
exposure to tobacco smoke and environmental pollutants in
mothers and their transplacental transfer to the foetus. Part
I: bulky DNA adducts,” Mutation Research: Fundamental and
Molecular Mechanisms of Mutagenesis, vol. 669, no. 1-2, pp. 13–
19, 2009.
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