
Abstract. Background/Aim: Melanoma represents one of
the most aggressive forms of cancer. With the rapid increases
in the incidence of melanoma in the United States, Australia
and Europe over the last decades, melanoma has been
considered an epidemic cancer in these areas. The aim of
our study was to evaluate the utility of osteoprotegerin
(OPG), osteopontin (OPN), epidermal growth factor (EGF)
and vascular endothelial growth factor VEGF for the
diagnosis and prognosis of melanoma. Patients and
Methods: Overall, 322 individuals were assessed: 183
melanoma patients and 139 healthy individuals. Melanoma
patients were divided into four subgroups according to the
Breslow score. OPN, OPG, EGF, and VEGF were
determined in each plasma sample. Results: The serum levels
of the following biomarkers were statistically significantly
higher in the melanoma group compared to the control
group: OPG and, OPN (p<0.0001), EGF (p=0.0379). In the
first stage, OPG (p=0.0236) and OPN (p=0.0327) showed a
statistically significant increase. Concerning positive and
negative sentinel node metastases a statistically significant
change was observed in: OPN (p<0.0001), EGF (p=0.0114),
VEGF (p=0.0114). Conclusion: OPG and OPN are
promising biomarkers of early-stage melanoma. EGF and
VEGF appear to be prognostic biomarkers.

Melanoma represents one of the most aggressive forms of
cancer. With the rapid increases in the incidence of
melanoma in the United States, Australia and Europe over
the last decades, melanoma has been considered an epidemic

cancer in these areas (1-3). The risk of melanoma increases
with age and is gender-dependent. The average age at the
time of diagnosis is about 60 years. Melanoma is
approximately 1.5 times more frequent in males than in
females (4). Nowadays, modern personalized medicine tends
to use individual biomarkers to subdivide traditional tumour
stages into subunits according to their different behavior. As
melanoma is supposed to be a heterogeneous group of
disorders, there is a need for individualization of melanoma
diagnosis, prognosis and treatment. Melanoma biomarker
research is an open field for research and understanding of
molecular events in melanoma progression and should
provide new molecular targets for therapeutic intervention
(5, 6). The aim of our study was to evaluate the utility of
four biomarkers: osteoprotegerin (OPG), osteopontin (OPN),
epidermal growth factor (EGF) and vascular endothelial
growth factor (VEGF) for the early diagnosis and prognosis
of melanoma.

Patients and Methods

Group of patients. The total number of probands was 322. Two
groups of probands were assessed: 183 patients with melanomas and
139 healthy persons. All melanoma diagnoses were histologically
verified. The basic characteristics of melanoma and control groups
is shown in Table I. The following biomarkers were determined in
both groups: OPG, OPN, EGF and VEGF. The next step was to
stratify melanoma patients into four groups according to melanoma
thickness (Breslow score). biomarker levels were compared in these
four groups with the group of healthy persons. Finally, the group of
patients was assessed with metastatic sentinel node positivity and
the group without metastases. 

Plasma samples. Peripheral venous blood was collected using the
VACUETTE blood collection system (Greiner Bio-one Company,
Kremsmünster, Austria). Plasma was separated by 10 min of
centrifugation at 1300 g, and immediately frozen to –80˚C. Plasma
samples were collected at the time of diagnosis, prior to surgery or
any other form of treatment. Samples were thawed only once, just
prior to analyses.
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Methods used. Plasma levels of OPG and OPN were assayed using
a Human bone panel 1 Milliplex Map kit (Millipore Corporation,
Billerica, MA, USA). EGF and VEGF were assayed using a Human
Cytokine/Chemokine Milliplex Map kit (Millipore Corporation,
Billerica, MA, USA). Measurement was performed using the Bio-
Plex MAGPIX Multiplex Reader (Bio-Rad Laboratories, Hercules,
CA, USA).

Statistical methods. The SAS 9.2 (Statistical Analysis Software
release 9.2; SAS Institute Inc., Cary, NC, USA) was used for all
statistical analyses. A summary of statistical findings for age and
biomarker levels is presented. The Wilcoxon test was used to compare
distributions of values between the groups of patients at each Breslow
score stage with the group of healthy probands. The Wilcoxon test
was also used for the comparison of the group with metastatic sentinel
node positivity and the group without metastatic positivity. 

Results

An overview of the individual biomarker comparisons between
the healthy and melanoma groups is shown in Table II. In the
melanoma group, the results were higher with statistical
significance for the following biomarkers: OPG (median=355.2,
p<0.0001) compared to 234.1 pg/ml in the group of healthy
probands, OPN (median=14,957 pg/ml, p<0.0001) compared to
8535 pg/ml and EGF (median=22.00 pg/ml, p=0.0379)
compared to 29.00 pg/ml. The change in VEGF levels was not
significant. A detailed evaluation of biomarkers at Breslow
score stages is shown in Table III. Biomarker levels in the group
of healthy persons were compared with the biomarker levels at
each Breslow score stage. We focused on the first Breslow score
stage and its comparison with the group of healthy probands. A
statistically significant difference was only observed in the
levels of two biomarkers: OPG (median=287.6, p=0.0239)
compared to 234.1 pg/ml in the group of healthy probands and
OPN (median=12,801 pg/ml, p=0.0327) compared to 8535
pg/ml. Comparing the group of positive and negative sentinel
node metastases a statistically significant change was observed
in three biomarker levels: OPN (median of the negative
group=14247 pg/ml, median of the positive group=
25,244 pg/ml, p<0.0021), EGF (median of the negative
group=26.25 pg/ml, median of the positive group=80.15 pg/ml,
p=0.0114), VEGF (median of the negative group=105.8 pg/ml,
median of the positive group=979.8 pg/ml, p=0.0027). We also
calculated and compared the Breslow score of the negative and
positive sentinel node group (median of the negative group=
1.8 mm, median of the positive group=2.9 mm, p=0.0004).
These results are shown in Table IV.

Discussion

Cutaneous melanoma is a highly malignant tumour. Treatment
of early stage melanoma has the potential to be more
successful than the treatment of melanoma at advanced stages.

The Breslow thickness of the tumour (Breslow score) and the
status of the sentinel lymph node are still the most important
prognostic factors for disease free interval (DFI) and overall
survival (OS). As primary tumour thickness increases, there is
a significant decrease in survival (7). Patients with thin
melanoma and negative sentinel lymph node can be assured
that their risk of recurrence is extremely low (8). For early
detection ability this study focused on the group with a
Breslow score of less than 1 mm (Table III).

Afterwards the study was focused on biomarkers as
prognostic factors. Current prognostic factors do not give us
accurate information to predict melanoma behavior in
individual patients, the aggressiveness of the disease, or the
way a tumour might disseminate. The levels of four
biomarkers were correlated with the sentinel lymph node
status. The Breslow score was used as a control parameter
of these correlations (Table IV). As a result, the median
Breslow score in the metastatic group was statistically
significantly higher than in the group without metastases. 

OPG is a potent pro-angiogenic factor, it regulates bone
turnover and has additional roles in the immune and vascular
systems (9). OPG plays an important role in tumor
angiogenesis. Production of OPG is thought to be part of
tumor cell survival strategy. A number of studies have been
performed assessing the role of OPG in tumorigenesis (10).
Lau with collaborators proved the messenger RNA (mRNA)
expression of OPG by primary melanoma cells and also by
metastatic melanoma cells (11). This study explains our
finding of elevated OPG plasma levels in the melanoma
group compared to healthy controls (Table II). If we focus
on the first Breslow score stage we can see that the use of
OPG for early diagnostics of melanoma will be limited.
Statistically significant increase of OPG levels was observed
starting from the second Breslow score stage (Table III).
OPG plasma levels were increased with statistical
significance in patients with sentinel lymph node metastases
positivity (Table IV), which is a promissing outcome with
regards to the potential prognostic value of OPG.

OPN is an important factor in bone remodeling (12). OPN
has been also described in the context of diverse physiological
roles such as chemotaxis, cell migration, cell adhesion,
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Table I. Basic characteristics of melanoma and control group.

Item description                                   Melanoma group    Control group

Female                     N/%                             102/56                    75/54
Male                         N/%                              81/44                     64/46
F+M total count      N                                    183                        139
Age                           Median (years)              56.7                       56.0
                                 (min–max)                  (16-87)                  (17-84)
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Table II. Biomarker levels in healthy and melanoma group.

Analyte (units)                Status                 Count (N)              Mean                Median              Minimum          Maximum            p-Value Wilcoxon test

OPG (pg/ml)                  Healthy                    139                   244.7                  234.1                  120.8                    513.3                           <0.0001
                                     Melanoma                   183                   406.5                  355.2                  141.9                 1,183                                  
OPN (pg/ml)                  Healthy                     139              10,363                  8,535                     578.8               35,141                              <0.0001
                                     Melanoma                   183              19,220                14,957                  3,020                147,866                                  
EGF (pg/ml)                  Healthy                     139                     33.19                  22.00                    3.20                  324.0                             0.0379
                                     Melanoma                   183                     41.69                  29.00                    3.28                  352.0                               
VEGF (pg/ml)               Healthy                     139                   206.5                    87.24                  16.00               1,472                                0.5111
                                     Melanoma                   183                   379.3                  107.2                    16.22               9,896                                  

Table III. Biomarker levels in Breslow score stages.

Analyte (units)                     Status           Count (N)              Mean                Median              Minimum          Maximum            p-Value Wilcoxon test
                                           Breslow 
                                         score (mm)                                                                                                                                                                    

OPG (pg/ml)                       Healthy               139                    244.7                  234.1                  120.8                    513.3                              -
                                                <1                     52                    321.8                  287.6                  141.9                    608.5                             0.0239
                                                1-2                     79                    364.5                  323.9                  162.5                    631.7                           <0.0001
                                                2-4                     35                    389.4                  398.0                  179.4                    808.6                             0.0004
                                                >4                     17                    521.3                  500.7                  341.5                    832.7                           <0.0001
OPN (pg/ml)                       Healthy               139               10,363                   8535                     578.8               35,141                                 -
                                                <1                     52               13,774                 12801                  2,022                  35,198                                0.0327
                                                1-2                     79               17,134                 15345                     588.7               45,817                                0.0016
                                                2-4                     35               20,225                 18613                  5,493                  94,563                              <0.0001
                                                >4                     17               30,245                 24138                11,342                  62,476                              <0.0001
EGF (pg/ml)                       Healthy               139                      33.19                  22.00                    3.20                  324.0                              -
                                                <1                     50                      21.64                  21.00                    5.00                    37.00                           0.7482
                                                1-2                     79                      42.26                  32.00                    3.00                  166.0                             0.0273
                                                2-4                     35                      69.31                  32.00                    3.00                  352.0                             0.0250
                                                >4                     17                      62.36                  37.00                    8.00                  280.0                             0.0287
VEGF (pg/ml)                    Healthy               139                    206.5                    87.24                  16.00               1,472                                 -
                                                <1                     50                    120.1                    80.56                  16.00                  369.4                             0.5977
                                                1-2                     79                    456.0                  131.6                    16.00                2043                                0.1016
                                                2-4                     35                 1,004                       96.28                  16.00                5249                                0.4329
                                                >4                     14                    738.5                  183.9                    16.00                9868                                0.1248

Table IV. Biomarker levels and sentinel nodes.

Analyte (units)                    Sentinel         Count (N)              Mean                Median              Minimum          Maximum            p-Value Wilcoxon test
                                         node status

OPG (pg/ml)                      Negative                48                    324.6                  298.4                  141.9                    631.7                             0.2158
                                            Positive                 27                    274.5                  275.7                  162.5                    429.9                               
OPN (pg/ml)                      Negative                48               19,634                14,247                  2,553                  45,364                                0.0021
                                            Positive                 27               28,586                25,244                15,986                  94,563                                  
EGF (pg/ml)                      Negative                48                      28.09                  26.25                    3.28                    40.47                           0.0114
                                            Positive                 27                     114.3                    80.15                    9.54                  352.0                               
VEGF (pg/ml)                   Negative                42                    392.5                  105.8                    16.00               5,249                                0.0027
                                            Positive                 23                 1,669                     979.8                    32.28               9,868                                  
Breslow score (mm)           Negative                48                         1.7                      1.8                      0.2                        5.5                             0.0004
                                            Positive                 27                         2.7                      2.9                      0.4                      10.0                               



angiogenesis, apoptosis, cell-extracellular matrix interactions
and tumour metastasis. OPN actively promotes the
tumourigenic phenotype and contributes to metastasis (13).

High levels of OPN are associated with poor prognosis in
a variety of cancers while overall and disease-free interval
are inversely related to osteopontin levels (14, 15). Kadkol
et al. and Barak et al. performed a study concerning
metastatic uveal melanoma where plasma levels of OPN
were significantly higher in patients with metastatic
melanoma compared to patients with DFI for 10 years and
levels of metastatic patients were also significantly higher
than those without metastases (16, 17). Barak et al. also
proved that OPN plasma levels increase during metastases
formation and can be detected as early as 12-18 months
prior to CT scans (18). Rangel et al. proved an association
between high OPN expression and increased tumour
thickness. OPN expression was also an independent
significant predictor of sentinel lymph node metastases (19).
Our results correlate with all the above mentioned findings.
We found elevated OPN plasma levels in the melanoma
group compared to healthy controls (Table II). The elevation
of OPN was even observed at all individual Breslow score
stages (Table III). OPN was also statistically significantly
increased in patients with sentinel lymph node metastases
positivity (Table IV). OPN levels positively correlated with
the increasing tumour thickness. All these facts are
promissing for OPN as a marker of early stages and also as
a prognostic biomarker. 

EGF stimulates growth, proliferation, and differentiation
of the cells. According to several studies, EGF has been
implicated as a factor indicating tumour progression in
certain types of cancers (20). In the study conducted by
Bracher et al., EGF was identified as an important factor in
the mediation of melanoma lymph node metastases (21).
Dadras, in their own study empphasized the crucial role of
EGF in the generation of lymphatic vessels. Lymph node
metastases are associated with these lymphatic vessels in
human melanoma. Lymph node metastases are associated
with poor prognosis among patients with melanoma (22).
Our findings are in concordance with the findings in the
above mentioned studies. EGF levels were found to be
statistically significantly higher in the group of melanoma
patients compared to the control group but mainly EGF
levels were significantly higher statistically in the group of
patients with sentinel lymph node metastases compared to
the group without metastases (Table IV). This finding
supports the ability of EGF to be a prognostic marker. 

VEGF naturally occurs as a glycoprotein and is an
important factor of vasculogenesis and angiogenesis. VEGF is
overexpressed in almost all types of solid cancers (23). Boon
et al. found no correlation between VEGF plasma levels and
the Breslow score but there was a positive correlation with the
sentinel lymph node metastases (24). These results were

confirmed by Vihinen et al. or Lugowska et al. (25, 26). Tas
et al. observed that circulating levels of VEGF were
significantly elevated in patients with melanoma compared to
healthy controls but didn’t correlate with the Breslow score
(27). Similar results were observed in a broad multimarker
study from Yurkovetsky et al. (28). Ugurel et al. found that
elevated plasma levels of VEGF strongly correlated with poor
overall survival and disease-free interval (29). Pelletier et al.
measured VEGF during follow-up and onbserved earlier
relapse in the patients with the elevated levels of VEGF (30).
Our results support the prognostic value of plasma VEGF
levels due to statistically significant elevated levels in patients
with sentinel lymph node metastases positivity compared to
the patients with negative lymph node status (Table IV). 

In conclusion, if we focus on the first Breslow score stage
of melanoma we can conclude that plasma levels of OPG
and OPN are promising biomarkers for use at early stages of
melanoma. Besides, OPN can also be used as a prognostic
marker. EGF and VEGF appear to be prognostic biomarkers
in cases of cutaneous melanoma.
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