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Abstract Malignant melanoma is highly aggressive
cancer with poor prognosis and few therapeutic options.
Interferon alpha (IFN-a) has been tested as adjuvant
immunotherapy in high-risk melanoma patients in a
number of studies, but its beneficial role is controver-
sial. Although IFN-a treatment can prolong relapse-free
survival, the effect on overall survival is not signifi-
cant. However, a small subset of patients benefits from
the treatment, signifying the need for biomarkers able
to identify a responding subgroup. Here we evaluated
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whether serum osteopontin (OPN) could function as a
biomarker identifying patients with poor prognosis that
might benefit from IFN-a. The choice of osteopontin was
based on the knowledge about the dual role of this pro-
tein in cancer and immune response, an apparent asso-
ciation between OPN and IFN signaling and a prognostic
value of OPN in multiple other tumor types. Serum sam-
ples from 275 high-risk melanoma patients enrolled in
the Nordic Adjuvant IFN Melanoma trial were analyzed
for circulating OPN concentrations and OPN promoter
polymorphisms in position —443. The potential relation
between serum OPN levels, the genotypes and survival
in non-treated patients and patients receiving adjuvant
IFN-a was investigated. Although slightly better survival
was observed in the treated patients that had high levels
of OPN, the difference was not statistically significant. In
conclusion, serum OPN (its level or the genotype) cannot
distinguish melanoma patients with poor prognosis, or
patients that might benefit from adjuvant treatment with
IFN-a.
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Abbreviations

AJCC American Joint Committee on Cancer

ELISA Enzyme-linked immunosorbent assay

IFN-a Interferon alpha

MMP Matrix metalloproteinase

OPN Osteopontin

oS Overall survival

RFS Relapse-free survival

SIBLING Small integrin-binding ligand N-linked
glycoprotein

SNP Single-nucleotide polymorphism
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Introduction

Malignant melanoma is among the most aggressive human
cancers with increasing incidence worldwide [1]. The
prognosis for melanoma patients with stage II or stage
IIT disease (by American Joint Committee on Cancer
(AJCC) staging) is adverse with reported 5-year survival
of 24-67 % [2]. To improve prognosis of such high-risk
patients, efficient adjuvant therapies are needed. Interferon
alpha (IFN-a) as adjuvant therapy has been tested in a num-
ber of clinical studies during the last 15 years [3]. However,
the real clinical benefit of this therapy is a subject of debate.
Although adjuvant IFN-a can prolong relapse-free survival
(RES), the effect on overall survival (OS) is not significant,
even though a small subset of patients seems to benefit [4—
6]. Given that IFN-o treatment is associated with substan-
tial dose-dependent toxicity, use in a non-selected patient
group is questionable, and selection of “right” patients that
might benefit is essential. Therefore, the future of adjuvant
interferon therapy depends on identification of factors that
could select the group of patients likely to respond.

IFN-a is a cytokine acting by promoting Thl response
and activating anti-melanoma cytotoxic T lymphocytes,
thereby boosting the patients immune system against the
cancer [7]. Another important modulator of the immune
system, stimulating Thl response by enhancing IFN-a pro-
duction, is osteopontin (OPN) [8, 9]. OPN is a member of
small integrin-binding ligand N-linked glycoprotein (SIB-
LING) family. The protein is expressed by a variety of nor-
mal cells, such as macrophages, endothelial cells, lympho-
cytes and tumor cells from different cancer types. OPN is
involved in various physiological processes, such as cell
adhesion, wound healing, angiogenesis, immune response,
and also plays a role in multiple pathologies, including auto-
immune, inflammatory, muscular, bone diseases as well as
cancer [10, 11]. It has been reported that in chronic hepatitis
C, where IFN-a therapy is also applied, serum OPN levels
and gene polymorphisms function as predictors for response
to IFN-a [12]. OPN is also known as a factor associated
with cancer progression and metastasis [13], and it has been
evaluated as a clinical marker for patient survival in various
cancer forms, also melanoma [14—16]. Meta-analysis of the
published data on OPN as a cancer marker has revealed an
association between poor prognosis and elevated levels of
OPN (both in tumors and in serum/plasma) in all cancers
combined and in some individual cancers [17, 18]. Inter-
estingly, OPN was identified by bioinformatics analysis
as a top candidate gene being at the interface between the
immune system and cancer [19]. Due to apparent associa-
tion between OPN and IFN signaling, and the dual role of
the protein in cancer and immunity, we hypothesized that
osteopontin could be a candidate biomarker in high-risk
melanoma patients receiving [FN-a immunotherapy.
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In the present study, the potential relation between
serum OPN levels, the gene polymorphisms and survival
was investigated in malignant melanoma patients from
the Nordic Adjuvant IFN Melanoma trial. The aim was to
evaluate whether serum OPN could function as a biomarker
providing prognostic information in non-treated patients or
patients treated with IFN-a.

Materials and methods

Melanoma patient cohort, treatment regimes
and serum samples

Serum samples were collected from 275 melanoma patients
with high-risk resected cutaneous melanoma of stage II or
stage III that were enrolled into the Nordic Adjuvant IFN
Melanoma trial (ClinicalTrials.gov number NCT(01259934)
undertaken between 1996 and 2004 at 35 centers in the
Nordic countries (855 patients in total were enrolled). All
criteria for patient inclusion into the trial and patient char-
acteristics have been specified previously [4]. The trial was
approved by the appropriate local research ethics commit-
tees and undertaken according to good clinical practice and
the principles of the Declaration of Helsinki. All patients
provided written or oral informed consent according to the
requirements in each participating country.

Patients were randomly assigned to one of three study
groups: group A, observation only; group B, IFN-a 10
million unit subcutaneously 5 days per week for 1 month
(induction) followed by the same dose 3 days per week
for 12 months (1-year maintenance); group C, induction
as in group B, but followed by maintenance for 24 months
(2-year maintenance). The type of interferon alpha-2b
used was Intron A (Merck, Whitehouse Station, NJ, USA).
Patients were followed up every 3 months for 2 years, then
every 6 months for 3 years and once per year for additional
5 years. After the first relapse, the treatment was discon-
tinued and patients were followed up with respect to sur-
vival, but no further relapses were recorded. The primary
endpoint was overall survival, and the secondary endpoint
was relapse-free survival defined as the first verified relapse
at any site [4].

For serum isolation, blood samples were taken before
the start of the treatment, left at room temperature for clot-
ting for 30 min and centrifuged at 2000g for 15 min. The
serum was collected and stored at —80 °C before analysis.

Measurement of serum osteopontin concentration
The OPN levels in stored serum samples were measured

with the enzyme-linked immunosorbent assay (ELISA) kit
Quantikine Human Osteopontin Immunoassay DOST00
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(R&D Systems Inc., Minneapolis, Minnesota, USA),
according to the manufacturer’s manual. In brief, a serum
sample from each patient was diluted 1:10 with Diluent
RD5-24 and incubated in an OPN antibody-coated microti-
ter plate for 2 h at room temperature followed by washing.
Subsequently, 200 ul OPN conjugate (polyclonal antibody
against OPN conjugated to horseradish peroxidase) was
added to each well and incubated for 2 h at room tempera-
ture. Following wash, 200 ul substrate solution (hydrogen
peroxide and chromogen) was added to each well and incu-
bated for 30 min at room temperature. The samples were
measured on a plate reader Victor 1420 Multilabel Coun-
ter (Wallac/PerkinElmer Life Sciences, Turku, Finland) at
450 nm with wavelength correction at 570 nm. Standard
curve and sample values were calculated by use of the Wal-
lac MultiCalc program.

Analysis of polymorphisms in the osteopontin promoter

For analysis of the —443 OPN promoter polymorphism
rs17730582, 5 ul of serum was denaturated at 95 °C for
5 min and amplified by adding 40 pl of PCR master mix,
consisting of 1 x PCR buffer IV (ABgene/Thermo Scien-
tific, Massachusetts, USA), 3 mM MgCl,, 100 uM dNTP
mix (VWR, Pennsylvania, USA), 300 nM reverse primer
5’-CTA TTG TTC AAG CCT GCA A-3' and 200 nM for-
ward primer FAM-5'-CGC CCG CCG CGC CCC GCG
CCC GTC CCG CCG CCC CCG CCC GAG CTT GAG
TAG TAA AGG ACA-3’ (both from Integrated DNA Tech-
nologies, Towa, USA), 0.005U Pfu and 0.08U Taq DNA
polymerases (both in house production). Amplification was
performed in a DNA Engine Tetrad 2 Thermal Cycler (Bio-
Rad, California, USA) with a 5 min 95 °C hot start, 35
cycles of—denaturation at 95 °C, annealing at 62 °C and
extension at 72 °C, each 30 s—followed by a 10 min final
extension at 72 °C.

Analyses of the rs117730582 polymorphism were done
by cycling temperature capillary electrophoresis using a
modified MegaBACE 1000 (Amersham Biosciences Upp-
sala, Sweden) capillary sequencing instrument. Samples
were subjected to electrophoresis at a mean separating tem-
perature of 52.5 °C, with amplitudes of 3 °C and cycled 20
times. An internal standard specific for the rs117730582
polymorphism was used to verify the different allelic vari-
ants as described previously [20].

Statistical analyses

Survival was estimated according to the Kaplan—Meier
method, and survival curves were compared using the log-
rank test. Means were compared using independent sam-
ples ¢ test or one-way ANOVA as appropriate. Data anal-
ysis was performed using SPSS version 21.0 (SPSS Inc.,
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Table 1 Characteristics of the patient cohort
Parameter Patient number Percent
Gender

Female 100 36

Male 175 64
Nationality

Swedish 91 33

Norwegian 70 26

Danish 112 41

Finish 2 1
Recurrence

No 129 47

Yes 146 53
AJCC stage at start

I 63 23

I 212 77
Ulceration

Yes 72 26

No 152 55

Unknown 48 18
Interferon alpha-2b treatment

No (group A) 136 50

Yes, 1-year maintenance (group B) 69 25

Yes, 2-year maintenance (group C) 70 25

Chicago, USA), and p values <0.05 were considered statis-
tically significant.

Results
Patent characteristics

Clinicopathological parameters of the patient cohort used
in this study are summarized in Table 1. The cohort con-
sisted of 275 patients (100 females and 175 males) with
high-risk resected cutaneous melanoma of AJCC stage II
(tumor thickness > 4 mm without lymph node metastases)
or stage III (with regional lymph node metastases). In this
cohort, 50 % of the patients represented group A (observa-
tion only), 25 % were from the treatment group B (inter-
feron alpha-2b with 1-year maintenance), and 25 % were
from the treatment group C (interferon alpha-2b with
2-year maintenance). Thirty blood donors (17 females and
13 males) constituted the healthy control group.

Evaluation of serum OPN concentration and its
association with outcome

To determine concentration of circulating OPN, serum
samples from the melanoma patients and the healthy
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Fig.1 Osteopontin concentration in serum from the melanoma
patients (n = 275) and the healthy volunteers (n = 30). Data show
median values (horizontal lines within the boxes), the edges of the
boxes represent the 25th and 75th percentile, and the whiskers rep-
resent the highest and lowest values that are not outliers or extreme
values. Outliers (values that are between 1.5 and three times the inter-
quartile range) and extreme values (values that are more than three
times the interquartile range) are represented by dots beyond the
whiskers

volunteers were investigated by ELISA. It can be noted
that our preliminary study, where OPN concentration was
measured in the frozen samples immediately, after a round
of thawing—freezing, or after incubation at room tempera-
ture for several hours, showed no significant differences in
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Fig. 2 Association between serum OPN levels and survival in
patients from the observation group A (n = 136). Kaplan—-Mayer sur-
vival plots indicating relapse-free survival (a) and overall survival (b)
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the OPN level (data not shown). This indicates that OPN
is a relatively stable protein, which has been reported also
by others [15, 21]. In the patients, mean and median val-
ues of serum OPN concentration were 27.5 and 25.5 ng/
ml, respectively. In the healthy volunteers, the serum OPN
concentration was lower, 22.98 ng/ml (mean) and 20.3 ng/
ml (median) (Fig. 1). The difference in serum OPN Ilevels
between the patients and the healthy individuals was sta-
tistically significant (p = 0.027). It can be noted that in the
patients, there was no statistically significant association
between the OPN level and patient characteristics such as
age, sex, ulceration, AJCC stage or treatment/no treatment
with IFN-a (data not shown).

To investigate whether serum OPN level could be
of prognostic significance, we divided the non-treated
patients (group A) into high OPN and low OPN and com-
pared relapse-free survival (RFS) and overall survival (OS)
between these two subgroups. Patients were considered
to be high OPN, when their serum OPN concentration
exceeded 25 ng/ml i.e. the median value observed in the
patients. There was found no statistically significant asso-
ciation between the OPN level and RFS (p = 0.75) or OS
(p = 0.87) (Fig. 2). Likewise, there was no significant asso-
ciation between OPN level and survival, when the group A
patients were divided into stage II or stage III and analyzed
separately (data not shown).

Previously, it was reported that patients receiving
interferon alpha (from the groups B and C combined,
or the group B only) showed improved RFS, but not OS
compared with the observation group A [4]. To evalu-
ate whether serum OPN level could identify a subgroup
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in patients stratified by OPN levels into high OPN (above 25 ng/ml)
and low OPN (below 25 ng/ml)
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Fig. 3 Association between serum OPN levels and survival in IFN-
a-treated patients from the groups B and C combined (n = 139).
Kaplan—Mayer survival plots indicating relapse-free survival (a) and

that benefits from adjuvant IFN-a, we analyzed RFS
and OS in the treated patients stratified into high-OPN
and low-OPN subgroups. While we saw that high-OPN
patients that received IFN-a showed a better clinical out-
come, the association between the OPN levels and RFS
or OS was not statistically significant (Fig. 3, p = 0.16
and p = 0.35, respectively). Likewise, we found no
statistically significant association when we analyzed
the patients from the treatment group B only (data not
shown).

It should be noted that no significant difference in sur-
vival between low-OPN and high-OPN patients was found
when OPN level of 20.3 ng/ml (median in healthy individu-
als), 22.98 ng/ml (mean in healthy individuals) or 27.5 ng/
ml (mean in patients) was used as a cutoff to divide the
patients (data not shown).

Taken together, our data indicate that serum OPN level,
which was higher in melanoma patients than healthy indi-
viduals, was not significantly associated with survival in
the non-treated patients, or the patients treated with adju-
vant IFN-a.

Analysis of OPN promoter polymorphisms
and association with survival

Previously, it has been reported that single-nucleotide
polymorphisms (SNPs) in OPN promoter can affect OPN
expression levels, and that SNP in position —433 has a
prognostic value in human hepatocellular carcinoma and
lung cancer [22, 23] and a predictive value in IFN-treated
hepatitis C patients [12]. To evaluate OPN promoter pol-
ymorphisms at this position in our patient cohort, SNP

Overall survival (%)

— OPN low

p=0.35
— OPN high

T T T T T T T
0 2 4 6 8 10 12

Time (years)

overall survival (b) in high-OPN (above 25 ng/ml) and low-OPN
(below 25 ng/ml) patients

analysis was performed on the serum samples. Over-
all, from 239 analyzed samples, 49 % were heterozygous
(—443C/T), 25.9 % were homozygous for CC, and 25.1 %
were homozygous for TT (Table 2). There was no associa-
tion between the genotype and patient characteristics, such
as age, sex, ulceration and treatment/no treatment with
IFN-a (data not shown). However, a statistically significant
(p = 0.016) association between the genotype and AJCC
stage was observed, where 29.9 % of patients with CT gen-
otype had stage II disease, compared with 11 % for CC and
20 % for TT, respectively (Table 2). There was no associa-
tion between the genotype and the serum OPN levels that
were measured to be 27.6, 28 and 27.3 ng/ml, respectively
(» = 0.9, one-way ANOVA) (Table 2). Further, we ana-
lyzed survival of patients from non-treated (group A) and
IFN-a-treated groups (B + C combined) based on their
genotypes. Although we saw a better survival for —433C/T

Table 2 OPN promoter polymorphisms in position —443 and respec-
tive serum OPN level

Genotype —443  Frequency Percent AJCC Serum OPN
stage (%) (ng/ml)
1I 111

CcC 62 259 11.3 88.7 28.0

CT 117 49.0 299 70.1 27.6

TT 60 25.1 20.0 80.0 273

Total successful 239 100

Missing 36

Totally 275

analyzed
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Fig. 4 Association between SNPs in position —443 and patient outcome. Kaplan—Mayer survival plots depicting relapse-free survival (a, ¢) and
overall survival (b, d) in patients from the observation group A (a, b) and patients from the treatment groups B and C combined (c, d)

genotype, the association was not statistically significant,
either in non-treated or in IFN-a-treated patients (Fig. 4).

Discussion

Good prognostic/predictive biomarkers, that could be
detected in patient blood and supplement complicated
imaging modalities used to monitor high-risk patients,
are of great clinical interest. In the present study, we
investigated circulating OPN levels and gene polymor-
phisms as candidate biomarkers by analyzing serum sam-
ples from a cohort of melanoma patients from the Nordic
IFN trial [4]. We found elevated levels of serum OPN in
the melanoma patients compared with the healthy indi-
viduals. This is in line with what has been reported by
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others, revealing a positive association between circu-
lating OPN levels and cancer/metastasis. Several stud-
ies reported higher concentrations of plasma OPN in
metastatic melanoma patients, particularly of stage IV,
compared with non-metastatic patients or healthy indi-
viduals [14, 15, 24]. It can be noted that the observed
OPN levels in serums were approximately half the levels
measured by others in plasma, and a similar difference
has been reported previously [21]. Even though there is
some contention whether serum or plasma is the best,
OPN stability in both types of specimens was shown to
be similar [21], and the ability of OPN to discriminate
cancer patients from healthy individuals using serum or
plasma was also comparable [25]. In addition, an asso-
ciation between OPN level and clinical outcomes was
reported using either specimen type [26, 27], indicating
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that diagnostic, prognostic or predictive value of OPN
can be disclosed by analyzing serum.

The observation that OPN is associated with advanced
cancer/metastasis boosted interest in this protein, both
intratumoral and in circulation, as a potential prognostic
biomarker. In our study, we did not find a statistically sig-
nificant link between serum OPN concentration and patient
survival. Likewise, Filia et al. [15] did not observe a signifi-
cant association between high plasma OPN levels and poor
prognosis in the Leeds Melanoma Cohort. Several reports
proposed that circulating OPN level might be a better indi-
cator of prognosis in melanoma if employed in a panel with
other plasma markers [14, 24]. However, a comprehensive
overview of the literature conclude that results are conflict-
ing, and marker panels including OPN for clinical use have
still not been found [28].

While prognostic significance of circulating OPN in
melanoma is uncertain, tumor-associated OPN (detected
by immuohistochemistry in primary cutaneous melanoma)
was found to be an independent prognostic marker [16].
However, that study did not evaluate the impact of circu-
lating OPN in the same patient cohort. Interestingly, Rud
et al. [29] compared prognostic significance of OPN levels
in primary tumors versus serum in patients with non small
cell lung cancer, and found that tumor OPN expression, but
not serum OPN, was significantly associated with poor sur-
vival. This proposes that the role and the prognostic value
of intratumoral OPN and circulating OPN (which derives
from both tumor and stromal cells) might be different.

Despite many studies investigating OPN as a candi-
date prognostic factor, its usefulness for predicting ther-
apy response, particularly immunotherapy, has been little
explored in cancer. Knowing that OPN regulates IFN-a
production and Thl response, we hypothesized that OPN
level could be of importance for the effect of IFN-a treat-
ment. Although we saw that IFN-a treated patients with
high levels of serum OPN showed slightly better survival
than patients with low-OPN levels, the difference did not
reach statistical significance. Thus, our data do not vali-
date serum OPN level as a factor identifying patients that
might benefit from adjuvant IFN-a treatment. Interestingly,
using a subcohort from the same Nordic IFN trial, another
study evaluated matrix metalloproteinase-8 (MMP-8) as a
candidate serum marker for response to IFN-a. Likewise
in our study, the MMP-8 study revealed that high levels of
MMP-8 indicated some survival benefit from adjuvant IFN-
a, but the differences were not statistical significant either
[30].

There might be several reasons why serum OPN level
failed as a prognostic indicator. OPN is a multifunctional
protein produced by various cells, both tumor and stroma,
and plays different biological roles intracellularly and as a
secreted factor [11]. It might be that OPN positive effects

on response to IFN-a are counteracted by other influences.
For example, Sangaletti et al. [31] have recently shown that
host-derived OPN, particularly from myeloid cells, can
render immunosuppression in vivo. In addition, the level
of circulating OPN might be influenced by other systemic
sources than the tumor itself, e.g., inflammation that often
accompanies cancer development and is known to involve
osteopontin [32]. Finally, OPN is subjected to abundant
modifications on genetic and epigenetic levels, and some of
these modifications might be of significance with respect to
prognostic/predictive impact. One such genetic alteration,
hypothesized as a risk factor for disease outcome, is OPN
gene polymorphisms. Particularly, SNP in position —443
has been linked to tumor aggressiveness, poor prognosis
and modulated response to chemotherapy [22, 23, 33]. We
identified —443C/T as the most common genotype in our
patient cohort, but we did not find any significant associa-
tion with serum OPN level or patient survival, either in the
non-treated or in the IFN-a treated patients. In contrast, in
hepatitis C patients, the —443T/T genotype was found to
be linked to better response to IFN-a treatment [12]. Gen-
erally, data on the SNP in position —443 and its signifi-
cance for the gene expression or as a prognostic indicator
are conflicting. Possibly, SNP plays a complex role, differ-
ent in different diseases or cancer types, which needs fur-
ther exploration.

In conclusion, we evaluated serum OPN, its level and
polymorphisms as biomarkers in high-risk melanoma
patients receiving adjuvant IFN-a. No significant associa-
tion with relapse-free or overall survival was found, indi-
cating that circulating osteopontin cannot identify mela-
noma patients that might benefit from adjuvant interferon
alpha.
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