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Abstract Poly(adenosine diphosphate-ribose) polymerases
(PARPs) are a family of enzymes, which catalyses poly
(ADP-ribosyl)ation of DNA-binding proteins and directly
involved in genomic stability, DNA repair, and apoptosis.
In this study, we evaluated the immunomorphology of
PARP-1 in melanoma and its prognostic importance. We
studied PARP-1 expression by immunohistochemistry in a
selected series of 54 primary cutaneous malignant melanoma
(CMM). The findings of the present study suggest that the
neoplastic progression toward the invasive (both horizontal
and vertical) growth phase of CMM cells is characterized
by the loss of cleavage of PARP-1, probably signaling an
imbalance of the apoptotic process in these cells and leading
to further gain to aggression. Over-expression of full-length
PARP-1 was correlated with recurrence and/or progression
of the disease and so act as a promising new biological
marker of CMM. Our study represents the evidence of a
direct correlation between the PARP-1-mediated apoptotic
process and the biologic behavior of CMM.
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UV ultraviolet

Introduction

Poly(ADP)ribosylation of nuclear proteins is an important
cellular response to genotoxic damage induced by oxidative
stress, ionizing radiation or alkylating agents. This post-
translational modification is carried out mainly by poly
(ADP-ribose) polymerase-1 (PARP-1), a member of the
PARPs family and is involved in a wide range of biological
processes including DNA repair, cell proliferation, apoptosis
and malignant transformation [1]. The poly(ADP-ribosyl)
ation is required for accumulation of p53 after DNA damage
[2].

In the last years, the incidence of cutaneous malignant
melanoma (CMM) is increasing. The most important
prognostic factor at the time of the diagnosis is the extent
of tumor invasion expressed by the tumor thickness [3, 4].
Solar damage is the most important environmental risk
factor for CMM. Carcinogenic effect of ultraviolet (UV)
rays has been attributed to both UV-A (320–400 nm) and
UV-B (280–320 nm) radiations [5]. Both radiation-induced
DNA damage and UVB-induced oxidative damage cause
PARP-1 activation [6].

Formerly, immunodetection of PARP-1 overexpression
may be a molecular marker of malignant melanomas from
photoexposed areas [7].

We evaluated the immunomorphological pattern of immu-
nohistochemical expression of PARP-1 in a series of CMM.

Pathol. Oncol. Res. (2009) 15:47–53
DOI 10.1007/s12253-008-9086-0

B. Csete (*) : Z. Lengyel : Z. Kádár : Z. Battyáni
Department of Dermatology, Venereology and Oncodermatology,
Medical School, University of Pécs,
20. Kodály Z. u.,
Pécs, Hungary
e-mail: benig@freemail.hu

Z. Battyáni
Department of Dermatology, Kaposi Mór Teaching Hospital,
Kaposvár, Hungary

RETRACTED A
RTIC

LE



Correlation between PARP-1 expression and tumor thickness,
melanoma progression and patient’s outcome was assessed.

Materials and Methods

Cases

Fifty-four cases of primary cutaneous melanomas from the
files of the Department of Dermatology, University of Pécs,
Hungary were selected for this study (32 women and 22
men, with a mean age of 48.2 years, range 22–87 years).
All the patients had undergone surgical treatment with
curative intention at the Surgery Unit of the Department of
Dermatology, University of Pécs, Hungary. Follow-up of at
least 5 years were considered suitable for the present
analysis. The extent of invasion was assessed on hematox-
ylin–eosin-stained sections from formalin-fixed, paraffin-
embedded tissues according to new staging system by the
AJCC [8]. Twenty-three (43%) cases had less than 1.00 mm;
13 (24%), between 1.01 and 2.00 mm; 11 (20%), between
2.01 and 4.00 mm, seven (13%) patients had greater than
4.00 mm thick tumor. The paraffin-embedded blocks of these
selected patients stored in the archive of the Pathology
Section, Department of Dermatology, University of Pécs,
Hungary. The immunohistochemical staining of PARP-1
expression was carried out in the Histopathology Laboratory
of Histopathology Ltd. (Pécs, Hungary). Moreover, five
specimens of human normal skin were obtained from
patients who had undergone surgical procedures for recon-
structive surgery (with the informed consent of the donors)
and 15 cases of benign melanocytic nevi (five junctional,

five compound, and five intradermal nevi) were used as
controls.

Immunohistochemistry

Four micrometer serial sections from routinely formalin-
fixed, paraffin-embedded tissue blocks were cut for each
case of cutaneous melanomas, melanocytic nevi and normal
skin, and mounted on chromalaun–gelatin coated glass slides.

For immunostaining of PARP-1 antigen, the PAR01
mouse monoclonal antibody (Lab Vision Corp., Fremont,
California, USA) was used on de-waxed and re-hydrated
tissue sections. To detect the specific binding of antibody to
antigen, the sensitive peroxidase-labeled polymer method
and H2O2/DAB substrate/chromogen (both in UltraVision
LP/HRP kit, Lab Vision Corp., Fremont, California, USA)
were used in accordance with supplier’s protocol. Slides
stained with substitution of primary PARP-1-specific anti-
body by serum from non-immunized mice served as negative
control.

The nuclear expression of PARP-1 was evaluated semi-
quantitatively in light microscope according to an arbitrary
scale as follows: 0 (≤5% of positive cells), 1 (5–25% of
positive cells), 2 (26%–50% of positive cells), and 3 (>50%
of positive cells) [7].

Statistical Analysis

PARP-1 expression, scored in four classes (score 0 = negative,
score 1 = low, score 2 = moderate, score 3 = strong) was
grouped in two categories (negative/low—0/1 and moderate/
strong—2/3). Disease-free survival (DFS) was calculated

Fig. 1 Intradermal nevus. Some
scattered nevus cells in the sub-
junctional zone show nuclear
immunostaining with PARP-
specific antibody. Hematoxylin
counter-staining, ×200
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from the date of surgery to the date of the first loco-regional
recurrence or distant metastases. The correlation between
PARP-1 expression and DFS was evaluated by the Kaplan–
Meier survival analysis (Epi Info™ Version 3.4.3) test.

Results

The signal of PARP-1 antigen immuno-stained in fixed-
embedded tissue sections by the PAR01 mouse monoclonal
antibody was located in nuclei of positive cells. The
staining intensity was heterogeneous and varied cell to cell,

however, it was clearly different from completely negative
unstained cells.

PARP-1 Expression in Normal Melanocytes
and Keratinocytes

In normal skin, positivity for PARP-1 was observed only in
epithelial cells of basal and less frequently in supra-basal

Fig. 2 Dysplastic nevus. Some
scattered nevus cells in the sub-
junctional zone show nuclear
immunostaining with PARP-
specific antibody. Note the
strong signal of reactive lym-
phocytes. Hematoxylin counter-
staining, ×200

Table 1 PARP-1 expression in CMM and the outcome of the patients

PARP-
score

No.
of
cases

Tumor
thickness
(mm)

Number of regional
lymph node
metastasis

Number of
distant
metastasis

0 4 <1 – –
2 1–2 – –
2 2–4 – –
0 4< – –

1 7 <1 – –
3 1–2 – –
1 2–4 – –
0 4< – –

2 1 <1 – –
3 1–2 3 –
3 2–4 1 1
4 4< 1 3

3 9 <1 – –
7 1–2 2 2
5 2–4 3 2
3 4< – 2

Fig. 3 Intradermal nevus with in situ malignancy. Some cells in the
junctional zone located malignant nests are PARP-1 positive. The
benign nevus cells are negative. Hematoxylin counter-staining, ×150
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layers. Only scattered normal melanocytes showed weak
nuclear immunostaining with a very low ratio (less than
5%) defined as negative PARP-1 expression (score 0).

PARP-1 Expression in Melanocytic Nevi

In all the 15 tissue samples of melanocytic nevi including
two cases with dysplastic foci, strong nuclear immuno-
staining of PARP-1 was observed as in up to 15% of
melanocytes located in the upper sub-epidermal layers, and
this was defined as low intensity (score 1) (Figs. 1 and 2).
Reactive cells, especially lymphocytes express strongly

PARP-1, however, it was not difficult to differentiate these
cells from melanocytes.

PARP-1 Expression in CMM

The immunostaining results in cutaneous melanomas and
the outcome of the patients are summarized in Table 1.

Malignant tumor cells express PARP-1 antigen in 85%
of the CMM cases, predominantly, characterized with
increased scores. In all stages of melanoma growth including
early in situ, as well as, in metastases, almost all score
categories radial and vertical growth pattern were observed

Fig. 4 Superficial spreading
melanoma. Melanoma cells and
reactive lymphocytes are posi-
tive. Hematoxylin counter-stain-
ing, ×200

Fig. 5 Nodular melanoma. Al-
most all melanoma cells express
nuclear PARP-1. Hematoxylin
counter-staining, ×150
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without significant statistical differences (Figs. 3, 4, 5, 6).
Important, but statistically not significant difference was
observed comparing PARP-1 scores of tumors with low
thickness categories (<1–1–2–2–4 mm) with that of deeply
invading melanomas (<4 mm); in the later category, only
higher immuno-morphological PARP-1 expression (scores
2 and 3) was found (Table 2).

Patient’s Outcome

Overall 20 patients relapsed: ten patients at loco-regional
lymph nodes and ten patients presented distant metastases
(lung, liver, brain).

As expected, the disease free survival (DFS) was
affected by tumor’s thickness; among the 20 relapsed
patients, six were more than 4.00 mm, seven were between
2.01 and 4.00 mm, seven were between 1.01 and 2.00 mm,
and none had 1.00 mm or less. Thus, the actual proportion
of relapse was 85% (6/7 patients) for T4 cases, 63% (7/11

patients) for T3, and only 46% (7/15 patients) for T2
patients.

From 54 cutaneous malignant melanoma 32 primary
melanomas located in sun-exposed area (face, neck,
shoulder), 12 were classed into the negative/low and 20
into the moderate/high PARP-1 expression category, how-
ever, this finding is not significantly different from tumors
with sun-protected locations, i.e. 8 vs. 14, respectively.

Fig. 6 Lymph node metastasis of
cutaneous malignant melanoma.
Hematoxylin counter-staining,
×200
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Fig. 7 Average disease-free survival in cases with negative or low
(PARP score 0/1) and with moderate or strong (PARP score 2/3)
PARP expression

Table 2 PARP-1 expression was evaluated in relation to the tumor
thickness (no. of cases/no. of metastases)

Tumor thickness (mm) PARP scores

0 1 2 3

<1 4/0 7/0 0/0 9/0
1–2 2/0 3/0 3/3 7/4
2–4 2/0 1/0 3/2 5/5
4< 0/0 0/0 4/4 3/2
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PARP-1 over-expression demonstrated to be a strong
predictor of relapse; all the 20 relapsed patients had tumors
with score 2 or 3 PARP-1 expression. Average PARP score
of non-progressing cases was 1.58 (PARP score/number of
patient, 54/34), in the progressing ones 2.55. Interestingly
patients with score 2 or 3 PARP over-expression showed a
significantly shorter DFS than patients with low or negative
PARP-1 over-expression. The average disease-free survival
in cases with negative or low (PARP score 0/1) and with
moderate or strong (PARP score 2/3) PARP expression was
60 versus 29.85 months (Fig. 7).

The Kaplan–Meier survival analysis proved that this data
were significant (Fig. 8).

Comparing average DFS in PARP score 2 and 3 cases
was 15.45 versus 36.45 months, while in cases with lymph
node and visceral involvement 8.0 versus 12.5 months.
Average DFS with PARP score 3 was lower in both cases
with lymphatic and visceral involvement than with PARP
score 2 (PARP score 3 vs. 2 in lymphatic involvement 5.8 vs.
10.2 months, in visceral involvement 11.0 vs. 14.75 months)
(Fig. 9). There was no significant difference in the average
PARP score of lymphatic and visceral involvement (2.5 vs.
2.6).

Discussion

The ultraviolet components of sunlight are recognized as
one of the major environmental factors deleterious to

human health. Cellular DNA has been considered to be
the principal molecular target for most of the biological
effects of UV radiation. UVA rays mostly act indirectly, be
generating reactive oxygen species (ROS), while UVB
interact direct with DNA, with the formation of DNA-photo
product, which are converted into single-strand DNA
breaks. These breaks activate the nuclear PARP. It is now
evident that PARP play an essential role as a survival factor

Test Statistic D.F. P-Value 
Log-Rank 14,4586 1 0,0001

Wilcoxon 13,9244 1 0,0002

Fig. 8 The Kaplan–Meier
survival analysis has been per-
formed using Epi Info™ Version
3.4.3. A=0 represents cases with
negative or low PARP expression.
A=1 represents cases with mod-
erate or strong PARP expression
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Fig. 9 Average DFS in PARP score 2 and 3 with lymphatic and
visceral involvement
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in replicating cells, which have suffered limitedDNA damage.
In contrast, extensive DNA damage seems to be directly
related to the over-activation of PARP, to the disturbance of
the energy balance of the cells [5].

The potential role of PARP in carcinogenesis has not
been well evaluated [9, 10]. The findings of the present
study suggest that the neoplastic progression toward the
invasive (both horizontal and vertical) growth phase of
CMM cells is characterized by the loss of cleavage of PARP-
1, probably signaling an imbalance of the apoptotic process
in these cells and therefore predisposing them to acquire
alteration(s) of other gate keeping genes, leading to further
gain to aggression. More interestingly, in our series of cases,
the presence of over-expression of full-length PARP-1 in
both growth phases was correlated with recurrence of the
disease.

Previous studies showed a deregulation of the apoptotic
process in malignant melanomas. In particular, BCL-2
protein expression has been reported in most CMM [11].
As it is well-known, BCL-2 is the principal member of a
family of proteins with either positive or negative activity
on the apoptotic process [12, 13]. The over-expression of
full-length PARP-1 in both radial and vertical growth phase
appears then as a promising new biological marker of
CMM.

Conventional anticancer drugs, in fact, kill susceptible
cells through induction of apoptosis. Alteration of the
pathways leading to apoptosis deficiency might represent a
potent mechanism conferring drug resistance. Recent studies
demonstrated that PARP-1 cleavage is strongly reduced in
highly cisplatin-resistant melanoma cells sublines [14]. In
addition, metastatic malignant melanoma is notoriously re-
sistant to chemotherapeutic agents, but the exact mecha-
nisms involved in this drug resistance are still unknown
[15]. The imbalance of the apoptotic process provides a
broad cytoprotective mechanism to cancerous cells, counter-
acting apoptosis induced by various chemotherapeutic drugs
[16]. The survival advantage due to the full-length PARP-1
hyperaccumulation in melanoma cells, related to a loss of
susceptibility to apoptosis and to defects in checkpoint
pathways, may be responsible for the chemoresistance of
this tumor.

Recently, it has been reported that the inhibition of PARP-
1 activity is a promising strategy to improve the outcome of
cytotoxic therapies in different tumor models [17].

In conclusion, the findings of the present study indicate
that the analysis of PARP-1 expression in CMM may be
potentially relevant for implementation of closer follow-up
protocols and/or alternative therapeutic regimens, reiterat-
ing the importance of deregulation of apoptosis as a critical
pathogenetic component of tumor progression, and identify

PARP-1 overexpression as a potential novel molecular
marker of aggressive neoplasia.
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