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Elevated levels of circulating biomarkers of cell death
(nucleosomes) in the patients with plaque psoriasis treated

with the Goeckerman regimen
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Abstract: Background: Nucleosomes are complexes that are formed during apoptosis. Psoriasis is a chronic
skin disease characterized by keratinocyte hyperproliferation and anti-apoptotic features. Presented study was
focused to expression of circulating biomarkers of cell death (circulating nucleosomes, CN) during Goeckerman
therapy of psoriasis (UV, PAHSs).

Methods: In a group of patients with psoriasis (19), treated with Goeckerman regimen (GR), we evaluated their
level of CN, level of chromosomal aberration in peripheral lymphocytes (CA), level of urinary 1-hydroxypyrene
(1-OHP) and their value of Psoriasis Area and Severity Index (PASI).

Results: Following the treatment, the serum level of CN and urinary level of 1-OHP (p<0.05) were significantly
increased (p<0.01). We found significant correlation between CN and urinary level of 1-OHP after GR (r=0.57;
p<0.05). Immediately after the treatment we found significantly increased total numbers of abnormal chromo-
somes (ABB; p<0.01) and structurally abnormal chromosomes (SAB; p<0.05).

Conclusions: We found slightly (but statistically significant) elevated level of circulating biomarkers of cell death
(nucleosomes) in patients with plaque psoriasis treated with GR (PAHs, UV radiation). We suppose that elevated
level of CN is a result of combination of the positive effects of GR and its weak genotoxic effect (mainly PAHSs).
Conclusions are supported by significant correlation between CN and urinary level of 1-OHP after GR and sig-

nificantly elevated level of CA after GR (Tab. 2, Fig. 1, Ref. 28). Text in PDF www.elis.sk.
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Nucleosomes are complexes (DNA and histones) that are
formed during cell death/apoptosis (1). After disintegration of the
plasma membrane, they are released from apoptotic cells into the
circulation (2). Various benign and malignant pathologic conditions
including cancer, sepsis, and graft-vs-host autoimmune diseases as
well as after trauma and ischemia or therapeutic causes increase
the level of circulating nucleosomes (CN) (3, 4, 5).

Apoptosis seems to be one of the key mechanisms in the
process of carcinogenesis, and may be induced by different en-
vironmental mutagens such as polycyclic aromatic hydrocarbons
(PAHS) or ultraviolet radiation (UVR) (6, 7, 8).
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Goeckerman regimen (GR) is still used in dermatological ther-
apy of psoriasis in form of combined application of crude coal tar
ointment (CCTs) and exposure to ultraviolet radiation (UVR) (9,
10, 11). GR is an effective low-cost therapy, however, nowadays
the use of GR is reduced due to supposed mutagenicity and carci-
nogenicity of CCTs (12, 13, 14). Therapeutic CCTs ointment con-
tains numerous polycyclic aromatic hydrocarbons (PAHs) that are
recognized as potential carcinogens requiring bioactivation. When
exposure to PAHs occurs together with exposure to UVR, potentia-
tion of mutagenic/carcinogenic effects can be expected (15, 16, 17).

The main global objective of presented study was to describe
changes in expression of CN after GR. The results were completed
by the levels of chromosomal aberration in peripheral lymphocytes
(CA, marker of genotoxic effect) and urinary 1-hydroxypyrene (1-
OHP, marker of exposure to PAHs).

Material and methods

The monitored group included 19 patients (average age of
39 years, age variance 18-56, 11 smokers and 8 nonsmokers)
with chronic stable plaque psoriasis. The patients who had prior
exposure to CCTs and /or artificial UVR were excluded from the
monitored group. Before the study, all patients were graded ac-
cording to Psoriasis Area and Severity Index (PASI) (18). The
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Tab. 1. The influence of GR to levels of selected indicators.

time of sample collection n nucleosomes in serum (ng/ml) 1-OHP/creatinine in urine (png/g) PASI (dimensionless)
median [lower—upper quartile] median [lower—upper quartile] median [lower—upper quartile]
immediately before GR 19 4.3[1.3-7.8] 4.8 [0.5-7.6] 19.2 [13.2-22.8]
immediately after GR 19 7.4 [3.6-15.6] 6.8 [5.5-15.9] 9.0 [5.5-12.4]
significance of differences p<0.01 p<0.05 p<0.001

The nucleosomes, 1-OHP and PASI values are presented as median [lower—upper quartile] because of non-normal distribution of data.

Wilcoxon matched-pairs test was used for statistical evaluation.

Tab. 2. Chromosomal aberration in peripheral lymphocytes (CA).

chromosomal abnormalities immediately before GR (n=19)

median [lower—upper quartile]

immediately after GR (n=19)
median [lower—upper quartile]

statistical significance of differences

ABB 0.0 (0.0-0.0)
SAB 0.0 (0.0-0.0)
NAB 0.0 (0.0-0.0)

1.0 (0.0-1.0) p<0.01
1.0 (0.0-1.0) p<0.05
0.0 (0.0-0.0) NS

The ABB (SAB, NAB) values are presented as median [lower—upper quartile] because of non-normal data distribution. ABB: total number of aberrant cells; SAB: number
of cells with structural aberrations; NAB: number of cells with numerical aberrations. n = number of subjects

Wilcoxon matched-pairs test was used for statistical evaluation.

group was tested immediately before and immediately after ther-
apy discontinuation.

The duration of GR was individualized (average 13 days,
range 8-22 days). The CCTs ointment (containing 3 % CCTs-
Pix Lithantracis) was applied daily to affected skin (27-73 % of
body surface), and at the same time, the patients were exposed
to ultraviolet-A (UVA) and ultraviolet-B (UVB) radiation. UVR
administration was individualized according to disease severity
in intervals ranging from 1-20 min. The density of UVB (134.45
IW/cm2) and UVA (245.60 IW/cm?) was controlled by spectrora-
diometer Sola-Scope 2000 (Solatell Ltd., UK).
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Fig. 1. Total number of aberrant cells (ABB) immediately before and
after GR. Notices: Scatter plot comparing the total number of aber-
rant cells (ABB) immediately before and after GR. Each point repre-
sents a single subject (n=19). The subjects located below the diagonal
(n=1) had lower ABB after therapy; this difference was statistically
significant across the sample (see Tab. 1).
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Urine samples were collected immediately before and after
GR. Analysis of urinary 1-hydroxypyrene (1-OHP) has been car-
ried out by modified HPLC method (19). Concentration of 1-OHP
was adjusted to urinary creatinine.

Heparin-treated peripheral blood samples were collected be-
fore and after GR and subsequently the levels of CA and CN were
analyzed. CA was carried out by using standardized method (20).
The presence of CA in cells undergoing mitosis was assessed mi-
croscopically. The total numbers (ABB) of abnormal chromosomes
(structural; SAB and numerical; NAB) were determined in 100
metaphase lymphocytes from each patient. Serum level of CN was
evaluated by ELISAs (Roche, Mannheim, Germany).

Data were analyzed by using STATISTICA v.8 software (Stat-
soft, Inc.,Tulsa, USA). Because the Shapiro—Wilk W-test of nor-
mality had rejected the hypothesis of normal distribution, non-
parametric tests were used. Data were analyzed by the Wilcoxon
matched pairs test. The effect of smoking was evaluated by the
Mann—Whitney U test and the association between selected pa-
rameters was evaluated by Spearman Rank Order Correlations.

The Ethics Committee of the Medical Faculty of Charles
University at University Hospital and Purkyne Military Medical
Academy in Hradec Kralove reviewed and approved this study.
Patients were selected sequentially from the Department of Der-
matology and Venerology, University Hospital in Hradec Kralove,
Czech Republic.

Results

Following the treatment, urinary level of 1-OHP (p<0.05) and
serum level of CN was significantly increased (p<0.01) (Tab. 1).
Our findings indicated significant correlation between CN and
urinary level of 1-OHP after GR (+=0.57; p<0.05). In addition,
after GR, we found significantly increased total numbers of ab-
normal chromosomes (ABB; p<0.01) (Tab. 2, Fig. 1) and structur-
ally abnormal chromosomes (SAB; p<0.05) but not numerically
abnormal chromosomes (NAB; NS) (Tab. 2). We did not find a
significant correlation between smoking vs. nonsmoking patients
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and levels of 1-OHP, ABB, CN. High therapeutic efficacy of GR
was confirmed by PASI score which has declined significantly
after GR (p<0.001) (Tab. 1). We did not find correlation between
PASI score and 1-OHP, ABB or CN, respectively.

Discussion

In response to environmental mutagens, p53 protein activates
genes, the products of which lead to cell cycle arrest, DNA re-
pair and, in case of irreparability, to cell apoptosis (21). Massari
et al supposed that the major role in skin cancer development is
given by pro-apoptotic p53 molecule or tumor suppressor gene,
the mutation of which leads to resistance of DNA-damage cell to
apoptosis (22). Apoptosis pathways provide an efficient safeguard
mechanism against cancer. They are mediated via cell-intrinsic re-
sponse and immune mediated extrinsic signal (23). Cell-intrinsic
pro-apoptotic pathways are largely controlled primarily by above
mentioned p53 proteins, whereas the extrinsic induction of apop-
tosis is initiated by death ligands such as cytokine soluble FasL
(sFasL) (23, 24). The results of our previous study indicated that
GR may modulate apoptosis through both intrinsic and extrinsic
pathways (7). The serum levels of p53 protein and sFasL were sig-
nificantly higher after GR (p<0.05 and p<0.01, respectively) (7).

Apoptosis is programmed as a cascade of enzymatic reaction
leading to DNA fragmentation and disintegration of cellular struc-
tures (1). Immunogenic cell death products such as nucleosomes
are released into the circulation from apoptotic cells upon patho-
logic or therapeutic causes and stimulate the innate and adaptive
immune system (2). CN were recognized as a biomarker of cell
death, which might be useful for cytotoxic therapeutic monitor-
ing (3, 4).

A normal level of CN in healthy persons moving around 36
ng/ml (25). Before the therapy, the level of CN in patients with
colorectal cancer reached 191 ng/ml (25). After the irradiation, the
levels of CN were found to be significantly increased, namely up
to 239 ng/ml (after 24 hours) and 677 ng/ml (after 48 hours) (25).

Psoriasis is a chronic skin disease characterized by keratinocyte
hyperproliferation and anti-apoptotic features (26).

In agreement with this characteristic, we found low levels
of CN in psoriatic patients before the therapy (4.3 ng/ml) and
this fact indicates depressed activity of apoptotic mechanisms.
After treatment, we have seen an increase in the value of CN
(7.4 ng/ml). The increase was significant (p<0.01), however, still
almost five times lower than the normal level of the CN (25).
The increase in the level of CN can be possibly attributed to
the success of therapy (healing and return to normal state). But
on the other hand, it is possible to attribute this growth also to
genotoxic effects of PAHs and UVR. Both these factors are as-
sumed to be the possible sources of genotoxic hazard, however,
the intensity of UVR was generally very low (see methods) and
therefore we assume that the exposure to genotoxic PAHs is
probably major genotoxic factor. The presented presumption sup-
ports the significant correlation between CN and urinary level of
1-OHP after GR (r=0.57; p<0.05). We cannot exclude completely
the possibility of moderate mutual potentiation of mutagenic/

/carcinogenic effects of PAHs and UVR. In the case of applica-
tion of CCTs ointment containing 3 % CCTs-Pix Lithantracis, the
overall genotoxic potential of the therapy was evaluated as weak.
In short, it is likely that the observed slightly elevated level of
CN is a result of a combination of the positive effects of therapy
(see PASI score) and its weak genotoxic effect (mainly PAHs).
At present, unfortunately, it is not possible to compare our results
with scientific literature, because the studies aimed at analyzing
the levels of CN in patients treated with GR are so far lacking.

Pyrene is a typical polycyclic aromatic hydrocarbon and
1-OHP is its major metabolite."” The significantly increased level
of urinary 1-OHP after GR confirmed intensive dermal absorp-
tion of pyrene and its penetration into blood circulation (p<0.05).
The ranges of 1-OHP urinary concentrations of 0.5-7.6 ug/g
creatinine (before GR) and 5.5-15.9 pg/g creatinine (after GR)
were similar to the ranges which we found in our previous study
with a different group of 20 patients, namely 0.45-3.03 pg/g cre-
atinine (before GR) and 0.93-11.3 pg/g creatinine after GR (7).
Due to a relatively high and stable concentration of pyrene in
the mixtures of PAHs, this hydrocarbon is generally considered
to be a suitable representative of the whole PAHs group. As to
the similarity of the structure and physico-chemical properties of
PAHs, we can assume that other PAHs (including carcinogenic
and mutagenic PAHs) penetrate into the blood circulation with
similar intensity.

The elevated level of chromosomal aberration in periph-
eral lymphocytes indicates an increased risk of genotoxic ex-
posure. Clastogenic activity of PAHs has been demonstrated in
human lymphocytes and in several studies in vivo (20, 27). After
GR, we found significantly increased ABB (p<0.01) and SAB
(p<0.05). These findings support the presence of recent genotoxic
exposure. Before GR, we found ABB in 5 of 1900 cells (0.20 %):
structural abnormalities (SAB, breaks and exchanges) in 5 cells
and numerical abnormalities (NAB) in 0 cells. After GR, we
found ABB in 16 of 1900 cells (0.80 %): SAB in 12 and NAB
in 4 cells. The reference value of ABB for healthy Czech adults
is in range of 0—1.88 % (n=20) (20). From the above follows that
after using 3 % CCTs-Pix Lithantracis (0.80 %) ,the level of aber-
rated cells was significantly lower than the upper level of refer-
ence range (1.88 %; p<0.01). In our previous work, the patients
(n=20) were treated by 5 % CCTs-Pix Lithantracis, and after GR,
we found ABB in 56 of 2000 cells (2.80 %) (7). This level was
clearly beyond the upper level of reference range (1.88 %). We
suppose that the described difference in findings can be attributed
to the different content of PAHs in applied ointments.

GR is used mainly for chronic stable plaque psoriasis with
high benefit in patients with refractory psoriasis (28). Also in the
presented study, GR therapy PASI score significantly decreased.

Conclusion
We found elevated levels of circulating biomarkers of cell
death (nucleosomes) in patients with plaque psoriasis treated

with GR (PAHs, UVR). It is likely that the observed slightly el-
evated level of CN is a result of a combination of positive effects

231



Bratisl Lek Listy 2014; 115 (4)
229-232

of therapy (PASI) and its weak genotoxic effect (mainly PAHs).
These conclusions are supported by significant correlation between
CN and urinary level of 1-OHP after GR, and elevated level of
CA after GR.
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