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Osteopontin (OPN) is a multifunctional phosphoprotein that is expressed in different types
of cancers, including melanoma. OPN overexpression is associated with tumor
progression and metastasis formation; however, the role of OPN in cell invasion and
metastasis formation is not completely understood. In this study we aimed to define OPN
expression in melanoma tissues and cell lines and investigate the effect of OPN expression
on cell proliferation and invasion after inhibiting OPN expression with small interfering RNA
(siRNA). OPN gene expression was determined by qRT-PCR, while protein expression
was examined using a Proteome Profiler Oncology Array. siRNA-mediated OPN
knockdown led to decreased OPN expression in melanoma cell lines, which was
associated with decreased cell proliferation and invasion. Proteome profile analysis
revealed significantly different protein expression between the original and transfected
cell lines. The altered expression of the differently expressed proteins was validated at the
mRNA level. Furthermore, OPN-specific siRNA was able to reduce OPN expression and
inhibit the invasiveness of melanoma cells. Our results revealed for the first time that
silencing the OPN gene influences proliferation and invasion of melanoma cells by effecting
EGFR, tenascin C, survivin, galectin-3 and enolase 2 expression. To predict protein-
protein interactions along with putative pathways we used STRING analysis for the
differentially expressed proteins. These proteins formed multiple clusters, including
extracellular matrix organization, regulation of angiogenesis, cell death and cell
migration, PI3K-Akt, MAPK and focal adhesion signaling pathways. Taken together
these data suggest that OPNmight be an ideal target for drug development and therapies.

Keywords: osteopontin expression, osteopontin knockdown, protein expression profile, melanoma progression,
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INTRODUCTION

Cutaneous melanoma is one of the most invasive and metastatic human cancers and accounts for the
majority of skin cancer deaths despite comprising less than 5%of all cutaneousmalignancies [1, 2]. Although,
local excision of early-stage primary melanoma offers the best chance of cure, recent advances in molecular
genetics and genomics have revolutionized the management and treatment of late-stage and metastatic
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melanomas, leading to significant improvements in clinical outcomes
[3, 4]. Recently, numerous studies have suggested that osteopontin
(OPN) plays a crucial role in cancer progression in different
malignancies, including malignant melanoma [5–8]. Previous
reports indicated that upregulated OPN expression was correlated
with tumor cell migration, invasion, progression and metastasis
formation [9–12]. Tumor metastasis is a multistep process that
includes tumor invasion and intravasation into the vessels. This is
followed by the survival of tumor cells in the circulatory system and
their extravasation into distant tissues, where they may be able to
proliferate [13–15]. OPN enhances the survival of cancer cells through
its interactionwithCD44 isoforms (CD44v) on the cell surface [16, 17],
and it can promote tumormetastasis by interactingwith different types
of integrins (αvβ1, αvβ3, αvβ5, and α5β1) [18, 19]. However, the
molecularmechanism throughwhichOPNpromotes the invasion and
metastasis formation of cutaneous melanoma remains unclear. Several
studies indicate that OPN could be a specific target for cancer therapy
[6, 8, 20]. Currently, the broadly accepted OPN expression inhibition
by RNA interference (RNAi) seems to be a promising strategy for
cancer treatment [21–24]. In this study, our aimwas to determineOPN
expression at both themRNAand protein levels inmelanoma cell lines
and OPN gene expression in primary and metastatic tissues. OPN
expression knockdown was shown by several authors to have anti-
metastatic and anti-tumorigenic effects [23, 25]. We also aimed to
inhibit OPN expression by RNAi in selected melanoma cell lines,
which are characterized by high OPN expression, and examine the
effect of transfection on the cells. The role of OPN in tumorigenesis is
complex and likely has different effects in different tumors. To better
understand the molecular events of OPN responsible for malignancy,
we determined the protein expression patterns of original and
transfected cell line pairs (primary tumor and metastasis-derived
melanoma cell lines originating from the same patients) using
proteome analysis.

MATERIALS AND METHODS

Melanoma Cell Lines
Melanoma cell lines were obtained from the Coriell Institute for
Medical Research (Camden, NJ, United States). Cell lines were
cultured in RPMI 1640 medium (Lonza Group Ltd., Basel,
Switzerland) and supplemented with 10% fetal bovine serum
(Gibco, CA, United States) at 37°C in an atmosphere containing
5% CO2. The clinical-pathological characteristics of the cell lines
are summarized in Table 1.

Melanoma Tissue Samples
Melanoma tissues were obtained from the Department of
Dermatology, University of Debrecen, Hungary. This study
was approved by the Regional and Institutional Ethics
Committee of the University of Debrecen, Hungary (DE
RKEB/IKEB: 4820-2017) and was carried out according to all
relevant regulations. Written informed consents obtained from
the patients. Lesions were diagnosed on the basis of formalin-
fixed paraffin-embedded tissue sections stained with
hematoxylin–eosin. A total of 34 primary and 12 metastatic
melanoma samples were used for qRT-PCR. The clinical-

pathological parameters of the tumors are summarized in
Supplementary Table S1.

RNA Extraction and qRT-PCR Analysis
RNeasy Plus Mini Kit (Qiagen GmbH, Hilden, Germany) was
used to isolate total RNA according to the manufacturer’s
protocol. The concentrations of the RNA samples were
determined using a NanoDrop ND-1000 UV-Vis
spectrophotometer (NanoDrop Technologies, Wilmington, DE,
United States). Reverse transcription (RT) was performed on total
RNA (600 ng) using a High-Capacity cDNA Reverse
Transcription Kit according to the manufacturer’s protocol
(Life Technologies Corporation, Carlsbad, California,
United States). To perform qPCR reactions, SYBR premix Ex
Taq (Takara Holding Inc., Kyoto, Japan) master mix was used.
Raw PCR data were analyzed using the Livak method (2-ΔΔCt)
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
an internal control gene and cultured melanocyte or pooled nevi
(n � 8) as the calibrator sample [26].

siRNA Experiments
siRNA directed against human secreted phosphoprotein 1 (SPP1;
OPN-targeting siRNA: ID: SI02757615) and AllStars Negative
Control siRNA (NC-siRNA ID: 1027281) were purchased from
Qiagen GmbH (Hilden, Germany). The sequences of the OPN
(SSP1) specific siRNA are: sense: 5’-GGCUGAUUCUGGAAG
UUCUTT-3’; antisense: 5’-AGAACUUCCAGAAUCAGCCTG-
3’. The sequence-specific highly functional OPN silencing siRNA
was validated on OPN gene expression by the manufacturer [27],
the potential off-target mRNA was none, the siRNA has a high
homology (https://geneglobe.qiagen.com/product-groups/
flexitube-sirna). The specificity of the sequence was also
checked in the BlastN database. In agreement with published
data, to avoid the off-target effects (non-specific binding) we
applied the lowest effective concentration (5 nM) of the siRNA
during our experiments [28].

One day before transfection, cells were seeded in 24-well plates
at a density of 5 × 104 cells per well and cultured in 500 μL of
growth medium without antibiotics to 30–50% confluence. Small
interfering RNA (siRNA) duplex-Lipofectamine 2000
transfection reagent (Invitrogen, Life Technologies, Carlsbad,
CA, United States) complexes (a final volume of 100 μL and a
final siRNA concentration of 5 nM) were added to each well
according to the manufacturer’s protocol. After 3 h of incubation,
the medium was replaced with fresh medium. The cells were
harvested 48 h after transfection for analysis. Gene silencing
efficacy was assessed by qRT-PCR. All the transfections were
repeated three times independently.

Cell Proliferation Assay
At 48 h after transfection, WST-1 Cell Proliferation Reagent
(Roche Magyarország Kft., Budaörs, Hungary) was used
according to the manufacturer’s instructions to measure cell
proliferation as an indicator of undesirable RNAi activity.
Absorbance was measured at 450 nm using a NanoDrop ND-
1000 UV-Vis Spectrophotometer (NanoDrop Technologies,
Wilmington, DE, United States). The reference absorbance was
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set at 700 nm. Cell proliferation was measured and compared
with that of control cells. Each experiment was carried out
independently and repeated at least three times.

In vitro Invasion Assay
The invasive potential of the melanoma cell lines was analyzed
using BD Biocoat Matrigel invasion chambers (pore size: 8 μm,
24-well; BD Biosciences, Bedford, Massachusetts,
United States) as described by Koroknai et al. [29]. The
upper chamber of the insert was filled with 500 μL of cell
suspension in serum-free media (5 × 104 cells/well). Medium
containing 10% FBS was applied to the lower chamber as a
chemoattractant. Tumor cells were incubated for 24 h at 37°C.
After non-invading cells were removed with a cotton swab, the
invading cells in the lower layer were fixed with methanol and
stained with hematoxylin–eosin. The average number of
invaded cells was counted using a light microscope in seven
different visual fields at ×200 magnification. The data are
presented as the mean ± SD of three independent experiments.

Protein Expression Analysis
Cells were cultured to approximately 80% confluence in T25
flasks and gently washed twice with 10 ml of ice-cold PBS. After
adding 1 ml of RIPA Lysis and Extraction Buffer (Thermo Fisher
Scientific Inc. Waltham, Massachusetts, United States)
containing 20 µL of Halt™ Protease and Phosphatase Inhibitor
Cocktail (Thermo Fisher Scientific Inc. Waltham, Massachusetts,
United States) to each flask, a cell scraper was used to scrape the
cells. Then, the cell lysates were transferred to a new Eppendorf

tube, incubated on a rocking shaker for 30 min at 4°C, and
centrifuged at 13.000 rpm for 30 min at 4°C. The supernatant
was collected (avoiding the pellet) in newmicrotubes. The protein
concentration was determined with a Quick Start™ Bradford
Protein Assay (Bio-Rad Hungary Ltd. Budapest, Hungary)
performed according to the manufacturer’s protocol.

Protein expression was investigated using a Proteome Profiler
Human XL Oncology Array Kit (R&D Systems, Abingdon,
United Kingdom) according to the instructions of the supplier.
Cell lysates were obtained, and 84 different proteins were analyzed
in duplicate. Cell lysates (200 µg) were incubated with each array
overnight at 4°C on a rocking platform shaker. On the following
day, the cell lysates were removed, and the membranes were
washed 3 times with wash buffer. After incubating the arrays with
a detection antibody cocktail for 1 h at room temperature on a
rocking platform shaker, the membranes were washed 3 times
with wash buffer. Then, 2 ml of streptavidin–HRP mix was added
to each membrane for a 30 min incubation, followed by three
washes. The labeled protein spots were visualized using Chemi
Reagent Mix. Array spots were analyzed with ImageJ Lab 1.51
Software and normalized to positive control signal intensities
(1.51a, NIH, Bethesda, Maryland, United States) and evaluated
by subtracting the background. The intensity of the reference spots
was considered as 100%.

The protein–protein functional associations investigated by
STRING (Search Tool for the Retrieval of Interacting Genes)
database version 11.0 (http://string-db.org) which is web-based
tool that collected associations between proteins from multiple
sources [30].

TABLE 1 | Characteristics of human melanoma cell lines.

Cell line Origina Growth phaseb Histologic typec BRAF mutation
status

NRAS mutation
status

WM35 Primary RGP/VGP SSM V600E wt
WM793B Primary RGP/VGP SSM V600E wt
WM3211 Primary RGP/VGP SSM wtd wt
WM902B Primary VGP SSM V600E wt
M35/01 Primary VGP SSM V600E wt
WM1361 Primary VGP SSM wt Q61L
WM1366 Primary VGP SSM wt Q61L
HT199 Primary RGP NM V600E wt
WM39 Primary VGP NM V600E wt
WM3248 Primary VGP unknown V600E wt
WM2785e Primary VGP NM V600E wt
WM16175f Metastasis — — V600E wt
WM983A6e Primary VGP NM V600E wt
WM983B6f Metastasis — — V600E wt
SK-MEL-28 Metastasis — — V600E wt
A2058 Metastasis — — V600E wt
HT168-M1 Metastasis — — V600E wt
M24 Metastasis — — wt Q61R
M24 met Metastasis — — wt Q61R
Melur Metastasis — — wt wt

aOrigin of cell lines.
bRGP: radial growth phase, VGP: vertical growth phase.
cSSM: superficial spreading melanoma, NM: nodular melanoma.
dwt: wild-type.
ePrimary tumor derived cell line with metastatic pair from the same patient.
fMetastatic pair of primary tumor derived cell line.
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Statistical Analysis
SPSS (Statistical Package for the Social Sciences) 22.0 software
(SPSS Inc., Chicago, IL, United States) was used for statistical
analysis. All experiments were carried out at least three times, and
the data are presented as the means (±standard deviation). The
Kruskal-Wallis test was used to determine the significant
differences among OPN gene expression in melanoma
subgroups (SSM, NM and melanoma metastasis). A two-sided
Mann-Whitney-Wilcoxon exact test was used to reveal
significant differences between primary and metastatic
melanoma cell lines. Student’s t-test was performed for the
statistical analysis of the experimental siRNA data. A p value
≤ 0.05 was considered statistically significant.

RESULTS

OPN Gene Expression Patterns in
Melanoma Cell Lines and Primary and
Metastatic Melanoma Tissues
OPN expression was determined by qRT-PCR in melanoma cell
lines (n � 20). The cell lines originated from primary melanomas
(n � 12) and melanoma metastases (n � 8). The relative OPN
mRNA expression was significantly enhanced in the metastatic
cell lines (p � 0.04) (Figure 1). The OPN expression in the
BRAFV600E mutant cell lines (n � 14) were significantly higher
compared to cell lines with wild-type BRAF (n � 6)
(Supplementary Figure S1).

We also determined the OPN gene expression level in primary
and metastatic tumor tissues by qRT-PCR. The clinical
parameters of melanoma patients are summarized in
Supplementary Table S1. The highest relative expression was
found in a melanoma metastasis (84.5). Of the 12 metastatic
samples eight had the OPN relative gene expression level ranged
between 13.1 and 84.5. Three primary tumors of the aggressive
nodular subtypes (n � 10) also exhibited high relative gene

expression level (range: 17.6–61.8), tissues of the less
aggressive SSM subtypes (n � 24) showed a more uniform
pattern with low OPN gene expression (range: 0.1–9.14).
Significant differences were seen between the subgroups (p �
0.0005; Kruskal-Wallis test) (Supplementary Figure S2).

Effect of RNAi on OPN Expression
We selected a primary and metastatic cell line pair
(WM278–WM1617) that were originated from the same
patient to determine the OPN-siRNA silencing efficiency, both
cell lines had BRAFV600E mutation. Using validated OPN-specific
siRNA, OPN expression was successfully inhibited in melanoma
cell lines with high OPN expression. AllStars Negative Control
siRNA (NC-siRNA) was used as control. OPN silencing was
evaluated by qRT-PCR. siRNA-mediated OPN knockdown in
melanoma cell lines resulted in a significant decrease in the OPN
mRNA level (average inhibition rate of 60% compared to the
negative control (p ≤ 0.05) (Figure 2A). Figure 2A clearly shows
that OPN-specific siRNA successfully downregulated OPN gene
expression in primary and metastatic melanoma cell lines.
Simultaneously, the proliferation of the transfected cells
decreased significantly when compared to the NC-siRNA
treated and untreated control cells (Figure 2B). Similarly,
decrease of OPN protein expression were observed (Figure 2C).

Effect of RNAi on the Invasive Behaviour of
Melanoma Cell
In order to define the invasive potential of OPN-siRNA silenced
cells we evaluated the invasive potential of the cell lines after
OPN knockdown. As an example, we show in Figure 3 that
silencing of the OPN resulted in a significant decrease of
invasive potential in the WM278 cells. On average, 91 (±16)
control cells/field invaded onto the membrane surface, whereas
only 49 (±10) OPN-siRNA transfected cells reached the filter,
which is clearly demonstrated on the microscopic image
(Figure 3A). The significantly fewer numbers of silenced
cells on the membrane surface indicate that downregulated
OPN expression is associated with decreased invasion
(Figure 3B). We confirmed the reduced OPN expression by
real-time qRT-PCR.

Protein Expression Analysis of the Original
and OPN siRNA-Transfected Cells
To determine protein expression differences between the original
and OPN siRNA-transfected cell lines, we used a Proteome
Profiler Human XL Oncology Array, which detects 84 cancer-
related proteins.

The name of the proteins, as well as the relative protein
expressions of the melanoma cell lines are given in
Supplementary Table S2. Out of the 84 proteins, 26 were
expressed in the primary tumor originated WM278 and 32
proteins in the metastasis originated WM1617 cell lines. After
OPN silencing only 19 proteins were expressed in the
WM278 OPN-siRNA cell line, whereas 59 protein had
detectable expression in the WM1617 OPN-siRNA cells.

FIGURE 1 | Comparison of the relative OPN mRNA expression in the
primary and metastatic cell lines. The data are presented as the mean ± SD of
the primary (n � 12) and metastatic (n � 8) cell lines (three replicates/sample).
Significant differences (p ≤ 0.05; Mann-Whitney test) are indicated by
asterisks. Cell lines characteristics are summarized in Table 1.
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FIGURE 2 | Inhibition OPN expression in melanoma cell lines by OPN-siRNA. (A) Relative expression of OPN-mRNA after 5 nM of AllStars Negative Control siRNA
(NC-siRNA) and OPN-siRNA transfection. Significantly reduced OPN mRNA expression was observed in all OPN-siRNA transfected cell lines compared to control cells
(p ≤ 0.05; Mann-Whitney test). (B) Cell proliferation of untreated, NC-siRNA and OPN-siRNA treated cell lines. Significant decrease of cell proliferation was detected in
OPN-siRNA silenced melanoma cells compared to the NC-siRNA transfected and untreated control cells (p ≤ 0.005; Student’s t-test). (C)OPN protein expression
in untreated and OPN-siRNA treated cell lines. Reduced relative OPN protein expression was observed in silenced primary tumor (WM278) and metastasis originated
(WM1617) cell lines (p ≤ 0.05; Student’s t-test). All experiments were carried out at least three times, and the data are presented as the means (±SD). Black columns:
untreated cells; gray columns: Negative Control siRNA (NC-siRNA) transfected cells; white columns: OPN-siRNA transfected cells.

FIGURE 3 | Invasive potential of WM278 cells. (A) Cells were cultured in Matrigel invasion chambers, fixed and stained with hematoxylin–eosin (×100
magnification). (B) The number of invaded cells are plotted for the untreated, NC-siRNA treated andOPN-siRNA silenced cells. The data are presented as themean ± SD
of three independent experiments. Invasion was significantly lower in the silenced cells compared to the control cell lines (untreated WM278 and NC-siRNA treated
WM278) (p ≤ 0.05; Student’s t-test). Asterisk indicates significant difference between the control and OPN silenced cell lines. Black column: untreated cells; gray
column: Negative Control siRNA (NC-siRNA) transfected cells; white column: OPN-siRNA transfected cells).
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Comparision of the relative expression of proteins in the original
(WM278 andWM1617) and OPN-siRNA silenced (WM278 OPN-
siRNA andWM1617OPN-siRNA) cell lines are shown in Figure 4.

To predict protein-protein interactions along with putative
pathways we used STRING analysis for the differentially
expressed proteins. STRING generated interconnected
protein network with a high confidence level 0.700. As
shown in Figure 5, original and transfected cells showed a
differential protein interactions. Proteins formed multiple
clusters, one is a cluster of extracellular matrix organization,
the other is a cluster of regulation of angiogenezis, cell death and
cell migration, and the final one is a cluster of PI3K-Akt, MAPK
and focal adhesion signaling pathway.

Beside OPN, altered expression of five proteins were detected
in both siRNA transfected cell lines. In addition to OPN, we
found significantly decreased expression of EGFR, tenascin C and
survivin (p ≤ 0.05). Galectin -3 and enolase two were significantly
downregulated in the WM278 OPN-siRNAprimary tumor
originated cell line (average inhibition rate 60%), in contrast,
the expression of these two proteins were increased in the OPN-
siRNA silenced metastasis originated WM1617 cells (Figure 6).

In order to validate the proteome profiler data we performed
gene expression analysis. The gene expression pattern of the six
genes (OPN, EGFR, tenascin C, survivin, galectin-3 and enolase
2) changed by the same direction as we have seen on the
Proteome Profiler array (Supplementary Figure S3).

FIGURE 4 | Protein expression profiles of controll (WM278 and WM1617) and OPN-siRNA transfected melanoma cell lines (WM278 OPN-siRNA and WM1617
OPN-siRNA). Protein expression was investigated using a Proteome Profiler Human XL Oncology Array Kit containing 84 cancer related genes. Only expressed proteins
are displayed. The data are presented as the mean of three replicates/sample. The expression of proteins in the controll cells are labeled with black and the OPN-siRNA
silenced cell lines are labeled with gray.
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DISCUSSION

OPN is considered as one of the key molecules in the tumorigenesis,
progression and metastatic dissemination of different malignancies,
including melanoma [8, 31, 32]. Maier et al. determined OPN protein
levels in the plasma of melanoma patients and found that OPN is a
promising novel biomarker for the detection of metastatic tumors;
these authors also concluded that the combination of plasma OPN
levels with the well-established serological tumor marker S100 might
enhance the prediction of melanoma metastasis [33]. Several
investigations of different tumor types have documented that OPN
expression is related to metastatic potential and is a useful diagnostic
and therapeutic biomarker for different types of cancer [6, 8, 34].
Understanding the molecular mechanism of OPN expression during
tumor progression can help to develop novel diagnostic and
therapeutic approaches. The aim of our study was to determine
the relative gene and protein expression levels of OPN in
melanoma cell lines and melanoma tissues with different biological
properties. Similar to previous studies, we found that OPN
overexpression is closely associated with melanoma metastasis [8].
We successfully inhibited OPN expression in melanoma cell lines by
siRNA and compared the invasive properties of the transfected cell
lines to the original ones.

In the last decade, RNAi, which is a post-transcriptional
mechanism for inhibiting gene expression, has shown promising
results in molecular-targeting gene therapy for different types of
cancer [35, 36]. OPN knockdown was shown to have
antimetastatic and antitumorigenic effects in different cancers
[37–40]; however, little data for malignant melanoma are available
[12, 41]. In this study, we revealed that OPN expression can be

downregulated using OPN-specific siRNA in primary and metastatic
melanoma cell lines.Weobserved decrease in cell proliferation and cell
migration after effectively silencing the OPN gene. Because silencing a
gene can induce changes in the expression of different proteins, we
used Proteome Profiler Human XL Oncology Array to define the
expression levels of 84 cancer-related proteins. Comparing the
expression patterns of the original and transfected cell lines, we
detected a number of differentially expressed proteins. The OPN
protein expression levels decreased in both OPN-silenced cell lines
(primary tumor-and metastasis-derived). Altered expression of other
proteins included EGFR, tenascinC, survivin, galectin-3 and enolase 2.
Marked reductions in the expression of OPN and the antiapoptotic
protein survivin were detected in association with BRAF inhibitor
resistance by us and others [42]. Survivin is an apoptosis inhibitor, and
its expression is associated with poor prognosis in cancers [43].
Recently, Chen and co-workers described that survivin has an
important role in tumorigenesis [44]. Decreased tenascin C and
survivin protein expression in the OPN-siRNA transfected cell
lines are in very good agreement with the OPN expression levels,
which play important roles in various metastasis-associated
mechanisms, including cell proliferation, apoptosis, invasion and
migration [45]. The expression of tenascin C has been shown to
be essential in cellular invasion andmigration and is important during
the development of metastasis [46]. According to recent studies, there
is a significant association betweenOPNandEGFR expression in clear
cell renal cell carcinoma [47]. Similar to our findings, OPN inhibition
led to decreased EGFR expression and increased apoptotic cell death.
Apoptosis was significantly enhanced inOPN knockoutmice andwas
accompanied by EGFR downregulation [48]. Furthermore, we found
that decreased OPN expression was associated with lower galectin-3

FIGURE 5 | STRING analysis of proteins in WM278 and WM1617 cells. STRING database version 11.0 (http://string-db.org) was used to determine the protein-
protein interactions of the 38 proteins differentially expressed in the original and transfected cells. Interactions predicted with high confidence level: 0.700 were included in
the analyses, and proteins with no predicted interactions were removed. STRING: Search Tool for the Retrieval of Interacting Genes; AFP: alpha-fetoprotein; ANGPT1:
angiopoietin-1; BIRC5: survivin; CA9: carbonic anhydrase IX; CCL2: C-Cmotif chemokine two; CDH5: VE-cadherin; CDKN1B: cyclin-dependent kinase inhibitor 1B/
p27; CTSB: cathepsin B; CTSD: cathepsin D; CTSS: cathepsin S; CXCL8: interleukin-8; EGFR: epidermal growth factor receptor; ENG: endoglin; ERBB2: receptor
tyrosine-protein kinase erbB-2; ERBB3: receptor tyrosine-protein kinase erbB-3; FGF2: basic fibroblast growth factor; FOX01: forkhead box proteinO1;GRN: progranulin;
HMOX1: heme oxygenase one; ICAM1: intercellular adhesionmolecule one; IL-6: interleukin-6; LGALS3: galectin-3; MMP3: matrix metallo-proteinase-3; PDGFA: platelet-
derived growth factor AA; SNAI1: snail; SPARC: secreted protein acidic and rich in cysteine; SPP1: osteopontin; TNC: tenascin C; TP53: cellular tumor antigen p53; VIM:
vimentin; MAPK pathway: The Mitogen-Activated Protein Kinase Pathway; PI3K-Akt pathway: phosphatidylinositol 3-kinase protein kinase B signaling pathway.
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and enolase two protein levels in the primary tumor-derived
transfected cell line; however, the expression of these proteins was
increased in the metastatic cell line after OPN silencing. Galectin-3
expression is a marker and promoter of progression and metastasis in
many tumors [49, 50] interestingly, galectin-3 and OPN were
proposed as potential targets (or at least predictors) in future
personalized antiaging therapies [51]. Galectin-3 and enolase two
overexpression were detected in the transfected metastatic cell line,
and we assume that both play an important role in promoting the
aggressive phenotype ofmelanoma cells. The simultaneous expression
of these proteins and their role in tumor progression have not been
previously described in melanoma. Li et al. described a significant
increase in the expression levels of galectin-3 and enolase 2 (and other
proteins) that associated with hepatocellular carcinoma progression
[52]. Enolase two is a specific molecular marker that is used in cancer
diagnosis and can promote the migration and invasion of tumor cells
by remodeling the actin cytoskeleton [53].

Based on the already published data, we assume that the proteins
altered in the OPN-siRNA silenced cells are involved in the following
biological processes: extracellular matrix binding (galectin-3 and
OPN) and protein dimerization (EGFR, galectin-3, enolase two
and survivin) [7, 54–56]. It was shown that down-regulation of
galectin-3 and the other proteins were associated with decreased
migration, invasion and reduced tumor growth [55, 57].
Nevertheless, galectin-3 has a regulatory role in cancer stemness
related pathways beside other pathways the EGFR/FGFR pathway

is also involved and it was published that OPN inducedmigration and
invasion is strongly associated with activation of different EGF
receptors [58]. Consequently, decreased level of OPN and other
proteins might contribute to the less aggressive phenotype.
Additionally, three of the altered proteins (EGFR, OPN and
tenascin C) are related to the PI3K-Akt signaling pathway. On the
other hand EGFR, galectin-3 and OPN potentially influence the
extracellular signal-regulated RAF/MEK/ERK pathway [59–62],
and both pathways are fundamental in melanoma tumorigenesis
[63, 64]. EGFR, OPN and tenascin C have crucial role in the focal
adhesion pathway, themultiprotein focal adhesion complexes silenced
byOPN-siRNA can promote the connection between the extracellular
matrix and cytoskeleton, and functionally control cell proliferation,
differentiation, and motility [65]. Alterations of these pathways are
significantly important in the pathogenesis of melanoma by affecting
tumorigenesis, cellular growth, chemoresistance, invasion and
migration [1, 66].

In summary, we showed that a high expression level of OPN is
associated with a more aggressive phenotype in melanoma. Our data
clearly showed protein expression differences between the OPN-
siRNA-transfected and the untreated melanoma cell lines. These
results revealed for the first time that silencing the OPN gene
influence proliferation and invasion of melanoma cells by effecting
EGFR, tenascin C, survivin, galectin-3 and enolase two expression.
Our data suggest that OPN might be an ideal target for drug
development and therapies.

FIGURE 6 | Protein expression of six proteins (OPN, EGFR tenascin C, enolase 2, galectin-3 and survivin) in the unterated (WM278 and WM1617) and in the OPN
silenced melanoma cell lines (WM278 OPN-siRNA andWM1617 OPN-siRNA) (p ≤ 0.05; Student’s t-test). The data are presented as the mean ± SD of the relative signal
intensity (three replicates/sample). Black columns: untreated cells; white columns; OPN-siRNA silenced cells. Asterisks represent significant difference.

Pathology & Oncology Research March 2021 | Volume 27 | Article 5813958

Kiss et al. Osteopontin silencing and melanoma progression



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Regional and Institutional Ethics Committee of the
University of Debrecen, Hungary (DE RKEB/IKEB: 4820-2017).
The patients/participants provided their written informed consent
to participate in this study.

AUTHOR CONTRIBUTIONS

Conceptualization, MB; Data curation, TK, KJ, VK, IS, HB, and
AM; Formal analysis, TK, KJ, and IS; Funding acquisition, RÁ
and MB; Investigation, TK, VK, RÁ, and MB; Methodology, TK,

KJ, VK, IS, HB, and AM; Supervision, MB; Validation, TK;
Writing–original draft, TK and VK; Writing–review and
editing, RÁ and MB.

FUNDING

This research was co-financed by the National Research
Development and Innovation Fund (grant number K-112327), by
the European Regional Development Fund (GINOP-2.3.2-15-2016-
00005), by the ÚNKP-19-3 NewNational Excellence Program of the
Ministry for Innovation and Technology as well as by the Hungarian
Academy of Sciences (MTA11010 and TK2016-78).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.por-journal.com/articles/10.3389/
pore.2021.581395/full#supplementary-material.

REFERENCES

1. Schadendorf, D., van Akkooi, A. C. J., Berking, C., Griewank, K. G., Gutzmer, R.,
Hauschild, A., et al. (2018). Melanoma. Lancet. 392 (10151), 971–984. doi:10.
1016/S0140-6736(18)31559-9

2. Turner, N.,Ware, O., and Bosenberg,M. (2018). Genetics ofmetastasis:melanoma and
other cancers. Clin. Exp. Metastasis. 35 (5-6), 379–391. doi:10.1007/s10585-018-9893-y

3. Ferguson, P. M., Long, G. V., Scolyer, R. A., and Thompson, J. F. (2018). Impact
of genomics on the surgical management of melanoma. Br. J. Surg. 105 (2),
e31–e47. doi:10.1002/bjs.10751

4. Malissen, N., and Grob, J. J. (2018). Metastatic melanoma: recent therapeutic
progress and future perspectives. Drugs. 78 (12), 1197–1209. doi:10.1007/
s40265-018-0945-z

5. Guarneri, C., Bevelacqua, V., Polesel, J., Falzone, L., Cannavo, P. S., Spandidos, D. A.,
et al. (2017). NFkappaB inhibition is associated withOPN/MMP9 downregulation in
cutaneous melanoma. Oncol. Rep. 37 (2), 737–746. doi:10.3892/or.2017.5362

6. Wei, R., Wong, J. P. C., and Kwok, H. F. (2017). Osteopontin–a promising
biomarker for cancer therapy. J. Canc. 8 (12), 2173–2183. doi:10.7150/jca.20480

7. Icer,M. A., andGezmen-Karadag,M. (2018). Themultiple functions andmechanisms
of osteopontin. Clin. Biochem. 59, 17–24. doi:10.1016/j.clinbiochem.2018.07.003

8. Zhao, H., Chen, Q., Alam, A., Cui, J., Suen, K. C., Soo, A. P., et al. (2018). The
role of osteopontin in the progression of solid organ tumour. Cell Death Dis. 9
(3), 356. doi:10.1038/s41419-018-0391-6

9. Wai, P. Y., and Kuo, P. C. (2008). Osteopontin: regulation in tumor metastasis.
Canc. Metastasis Rev. 27 (1), 103–118. doi:10.1007/s10555-007-9104-9

10. Weber, G. F., Lett, G. S., and Haubein, N. C. (2010). Osteopontin is a marker
for cancer aggressiveness and patient survival. Br. J. Canc. 103 (6), 861–869.
doi:10.1038/sj.bjc.6605834

11. Rakosy, Z., Ecsedi, S., Toth, R., Vizkeleti, L., Hernandez-Vargas, H., Lazar, V.,
et al. (2013). Integrative genomics identifies gene signature associated with
melanoma ulceration. PloS One. 8 (1), e54958. doi:10.1371/journal.pone.0054958

12. Yin, M., Soikkeli, J., Jahkola, T., Virolainen, S., Saksela, O., and Holtta, E.
(2014). Osteopontin promotes the invasive growth of melanoma cells by
activating integrin alphavbeta3 and down-regulating tetraspanin CD9. Am.
J. Pathol. 184 (3), 842–858. doi:10.1016/j.ajpath.2013.11.020

13. Damsky, W. E., Rosenbaum, L. E., and Bosenberg, M. (2010). Decoding
melanoma metastasis. Cancers. 3 (1), 126–163. doi:10.3390/cancers3010126

14. Valastyan, S., and Weinberg, R. A. (2011). Tumor metastasis: molecular insights
and evolving paradigms. Cell. 147 (2), 275–292. doi:10.1016/j.cell.2011.09.024

15. Lambert, A.W., Pattabiraman,D.R., andWeinberg, R.A. (2017). Emerging biological
principles of metastasis. Cell. 168 (4), 670–691. doi:10.1016/j.cell.2016.11.037

16. Ahmed, M., Sottnik, J. L., Dancik, G. M., Sahu, D., Hansel, D. E., Theodorescu,
D., et al. (2016). An osteopontin/CD44 Axis in RhoGDI2-mediated metastasis
suppression. Canc. Cell. 30 (3), 432–443. doi:10.1016/j.ccell.2016.08.002

17. Shirasaki, T., Honda, M., Yamashita, T., Nio, K., Shimakami, T., Shimizu, R.,
et al. (2018). The osteopontin-CD44 axis in hepatic cancer stem cells regulates IFN
signaling andHCVreplication. Sci. Rep.8 (1), 13143. doi:10.1038/s41598-018-31421-6

18. Zhang, H., Guo, M., Chen, J. H., Wang, Z., Du, X. F., Liu, P. X., et al. (2014).
Osteopontin knockdown inhibits alphav,beta3 integrin-induced cell migration
and invasion and promotes apoptosis of breast cancer cells by inducing
autophagy and inactivating the PI3K/Akt/mTOR pathway. Cell. Physiol.
Biochem. 33 (4), 991–1002. doi:10.1159/000358670

19. Maeda, N., Ohashi, T., Chagan-Yasutan, H., Hattori, T., Takahashi, Y.,
Harigae, H., et al. (2015). Osteopontin-integrin interaction as a novel
molecular target for antibody-mediated immunotherapy in adult T-cell
leukemia. Retrovirology. 12, 99. doi:10.1186/s12977-015-0225-x

20. Shurin, M. R. (2018). Osteopontin controls immunosuppression in the tumor
microenvironment. J. Clin. Invest. 128 (12), 5209–5212. doi:10.1172/JCI124918

21. Zhao, B., Sun, T., Meng, F., Qu, A., Li, C., Shen, H., et al. (2011). Osteopontin as
a potential biomarker of proliferation and invasiveness for lung cancer. J. Canc. Res.
Clin. Oncol. 137 (7), 1061–1070. doi:10.1007/s00432-010-0968-7

22. Bandopadhyay, M., Bulbule, A., Butti, R., Chakraborty, G., Ghorpade, P.,
Ghosh, P., et al. (2014). Osteopontin as a therapeutic target for cancer. Expert
Opin. Ther. Targets. 18 (8), 883–895. doi:10.1517/14728222.2014.925447

23. Cho, W. Y., Hong, S. H., Singh, B., Islam, M. A., Lee, S., Lee, A. Y., et al. (2015).
Suppression of tumor growth in lung cancer xenograft model mice by
poly(sorbitol-co-PEI)-mediated delivery of osteopontin siRNA. Eur.
J. Pharm. Biopharm. 94, 450–462. doi:10.1016/j.ejpb.2015.06.017

24. Subraman, V., Thiyagarajan,M.,Malathi, N., andRajan, S. T. (2015). OPN -Revisited.
J. Clin. Diagn. Res. 9 (6), ZE10–ZE13. doi:10.7860/JCDR/2015/12872.6111

25. Ben-David-Naim, M., Dagan, A., Grad, E., Aizik, G., Nordling-David, M. M.,
Morss Clyne, A., et al. (2019). Targeted siRNA nanoparticles for mammary
carcinoma therapy. Cancers. 11 (4), 442. doi:10.3390/cancers11040442

26. Livak, K. J., and Schmittgen, T. D. (2001). Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C(T)) method.
Methods. 25 (4), 402–408. doi:10.1006/meth.2001.1262

27. Tuzmen, S., Kiefer, J., and Mousses, S. (2007). Validation of short interfering
RNA knockdowns by quantitative real-time PCR. Methods Mol. Biol. 353,
177–203. doi:10.1385/1-59745-229-7:177

28. Caffrey, D. R., Zhao, J., Song, Z., Schaffer, M. E., Haney, S. A., Subramanian, R.
R., et al. (2011). siRNA off-target effects can be reduced at concentrations that
match their individual potency. PloS One. 6 (7), e21503. doi:10.1371/journal.pone.
0021503

Pathology & Oncology Research March 2021 | Volume 27 | Article 5813959

Kiss et al. Osteopontin silencing and melanoma progression

https://www.por-journal.com/articles/10.3389/pore.2021.581395/full#supplementary-material
https://www.por-journal.com/articles/10.3389/pore.2021.581395/full#supplementary-material
https://doi.org/10.1016/S0140-6736(18)31559-9
https://doi.org/10.1016/S0140-6736(18)31559-9
https://doi.org/10.1007/s10585-018-9893-y
https://doi.org/10.1002/bjs.10751
https://doi.org/10.1007/s40265-018-0945-z
https://doi.org/10.1007/s40265-018-0945-z
https://doi.org/10.3892/or.2017.5362
https://doi.org/10.7150/jca.20480
https://doi.org/10.1016/j.clinbiochem.2018.07.003
https://doi.org/10.1038/s41419-018-0391-6
https://doi.org/10.1007/s10555-007-9104-9
https://doi.org/10.1038/sj.bjc.6605834
https://doi.org/10.1371/journal.pone.0054958
https://doi.org/10.1016/j.ajpath.2013.11.020
https://doi.org/10.3390/cancers3010126
https://doi.org/10.1016/j.cell.2011.09.024
https://doi.org/10.1016/j.cell.2016.11.037
https://doi.org/10.1016/j.ccell.2016.08.002
https://doi.org/10.1038/s41598-018-31421-6
https://doi.org/10.1159/000358670
https://doi.org/10.1186/s12977-015-0225-x
https://doi.org/10.1172/JCI124918
https://doi.org/10.1007/s00432-010-0968-7
https://doi.org/10.1517/14728222.2014.925447
https://doi.org/10.1016/j.ejpb.2015.06.017
https://doi.org/10.7860/JCDR/2015/12872.6111
https://doi.org/10.3390/cancers11040442
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1385/1-59745-229-7:177
https://doi.org/10.1371/journal.pone.0021503
https://doi.org/10.1371/journal.pone.0021503


29. Koroknai, V., Ecsedi, S., Vizkeleti, L., Kiss, T., Szasz, I., Lukacs, A., et al. (2016).
Genomic profiling of invasive melanoma cell lines by array comparative
genomic hybridization. Melanoma Res. 26 (2), 100–107. doi:10.1097/CMR.
0000000000000227

30. Szklarczyk, D., Gable, A. L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., et al.
(2019). STRINGv11: protein-protein association networkswith increased coverage,
supporting functional discovery in genome-wide experimental datasets. Nucleic
Acids Res. 47 (D1), D607–D613. doi:10.1093/nar/gky1131

31. Shevde, L. A., and Samant, R. S. (2014). Role of osteopontin in the pathophysiology
of cancer. Matrix Biol. 37, 131–141. doi:10.1016/j.matbio.2014.03.001

32. Han, X., Wang, W., He, J., Jiang, L., and Li, X. (2019). Osteopontin as a
biomarker for osteosarcoma therapy and prognosis. Oncol Lett. 17 (3),
2592–2598. doi:10.3892/ol.2019.9905

33. Maier, T., Laubender, R. P., Sturm, R. A., Klingenstein, A., Korting, H. C.,
Ruzicka, T., et al. (2012). Osteopontin expression in plasma of melanoma
patients and in melanocytic tumours. J. Eur. Acad. Dermatol. Venereol. 26 (9),
1084–1091. doi:10.1111/j.1468-3083.2011.04210.x

34. Karagiannis, P., Fittall, M., and Karagiannis, S. N. (2014). Evaluating
biomarkers in melanoma. Front Oncol. 4, 383. doi:10.3389/fonc.2014.00383

35. Mansoori, B., Sandoghchian Shotorbani, S., and Baradaran, B. (2014). RNA
interference and its role in cancer therapy. Adv. Pharmaceut. Bull. 4 (4),
313–321. doi:10.5681/apb.2014.046

36. Maduri, S. (2015). Applicability of RNA interference in cancer therapy: current
status. Indian J. Canc. 52 (1), 11–21. doi:10.4103/0019-509X.175598

37. Elazar, V., Adwan, H., Bauerle, T., Rohekar, K., Golomb, G., and Berger, M. R.
(2010). Sustained delivery and efficacy of polymeric nanoparticles containing
osteopontin and bone sialoprotein antisenses in rats with breast cancer bone
metastasis. Int. J. Canc. 126 (7), 1749–1760. doi:10.1002/ijc.24890

38. Reufsteck, C., Lifshitz-Shovali, R., Zepp, M., Bauerle, T., Kubler, D., Golomb,
G., et al. (2012). Silencing of skeletal metastasis-associated genes impairs
migration of breast cancer cells and reduces osteolytic bone lesions. Clin. Exp.
Metastasis. 29 (5), 441–456. doi:10.1007/s10585-012-9462-8

39. Wu, X. L., Lin, K. J., Bai, A. P., Wang, W. X., Meng, X. K., Su, X. L., et al. (2014).
Osteopontin knockdown suppresses the growth and angiogenesis of colon cancer
cells. World J. Gastroenterol. 20 (30), 10440–10448. doi:10.3748/wjg.v20.i30.10440

40. Xu, S. T., Guo, C., Ding, X., Fan,W. J., Zhang, F. H., Xu,W. L., et al. (2015). Role of
osteopontin in the regulation of human bladder cancer proliferation and migration
in T24 cells. Mol. Med. Rep. 11 (5), 3701–3707. doi:10.3892/mmr.2015.3202

41. Zhou, Y., Dai, D. L., Martinka, M., Su, M., Zhang, Y., Campos, E. I., et al.
(2005). Osteopontin expression correlates with melanoma invasion. J. Invest.
Dermatol. 124 (5), 1044–1052. doi:10.1111/j.0022-202X.2005.23680.x

42. Ji, Z., Kumar, R., Taylor, M., Rajadurai, A., Marzuka-Alcala, A., Chen, Y. E.,
et al. (2013). Vemurafenib synergizes with nutlin-3 to deplete survivin and
suppresses melanoma viability and tumor growth. Clin. Canc. Res. 19 (16),
4383–4391. doi:10.1158/1078-0432.CCR-13-0074

43. Dong, H., Qian, D., Wang, Y., Meng, L., Chen, D., Ji, X., et al. (2015). Survivin
expression and serum levels in pancreatic cancer.World J. Surg. Oncol. 13, 189.
doi:10.1186/s12957-015-0605-7

44. Chen, X., Duan, N., Zhang, C., and Zhang, W. (2016). Survivin and
tumorigenesis: molecular mechanisms and therapeutic strategies. J. Canc. 7
(3), 314–323. doi:10.7150/jca.13332

45. Liu, J., Liu, Q., Wan, Y., Zhao, Z., Yu, H., Luo, H., et al. (2014). Osteopontin
promotes the progression of gastric cancer through theNF-kappaB pathway regulated
by the MAPK and PI3K. Int. J. Oncol. 45 (1), 282–290. doi:10.3892/ijo.2014.2393

46. Grahovac, J., Becker, D., and Wells, A. (2013). Melanoma cell invasiveness is
promoted at least in part by the epidermal growth factor-like repeats of tenascin-
C. J. Invest. Dermatol. 133 (1), 210–220. doi:10.1038/jid.2012.263

47. Matusan-Ilijas, K., Damante, G., Fabbro, D., Dordevic, G., Hadzisejdic, I.,
Grahovac, M., et al. (2013). EGFR expression is linked to osteopontin and Nf-
kappaB signaling in clear cell renal cell carcinoma. Clin. Transl. Oncol. 15 (1),
65–71. doi:10.1007/s12094-012-0889-9

48. Lee, S. H., Park, J. W., Woo, S. H., Go, D. M., Kwon, H. J., Jang, J. J., et al.
(2016). Suppression of osteopontin inhibits chemically induced hepatic
carcinogenesis by induction of apoptosis in mice. Oncotarget. 7 (52),
87219–87231. doi:10.18632/oncotarget.13529

49. Ahmed, H., and AlSadek, D. M. (2015). Galectin-3 as a potential target to
prevent cancer metastasis. Clin. Med. Insights Oncol. 9, 113–121. doi:10.4137/
CMO.S29462

50. Li, Y. S., Li, X. T., Yu, L. G., Wang, L., Shi, Z. Y., and Guo, X. L. (2020). Roles of
galectin-3 in metabolic disorders and tumor cell metabolism. Int. J. Biol.
Macromol. 142, 463–473. doi:10.1016/j.ijbiomac.2019.09.118

51. Sanchis-Gomar, F., Santos-Lozano, A., Pareja-Galeano, H., Garatachea, N.,
Alis, R., Fiuza-Luces, C., et al. (2016). Galectin-3, osteopontin and successful
aging. Clin. Chem. Lab. Med. 54 (5), 873–877. doi:10.1515/cclm-2015-0821

52. Li, X., Chen, Q., Yin, D., Shi, S., Yu, L., Zhou, S., et al. (2017). Novel role of
semaphorin 3A in the growth and progression of hepatocellular carcinoma.
Oncol. Rep. 37 (6), 3313–3320. doi:10.3892/or.2017.5616

53. Vizin, T., and Kos, J. (2015). Gamma-enolase: a well-known tumourmarker, with a
less-known role in cancer. Radiol. Oncol. 49 (3), 217–226. doi:10.1515/raon-2015-
0035

54. Lavoie, H., Li, J. J., Thevakumaran, N., Therrien, M., and Sicheri, F. (2014).
Dimerization-induced allostery in protein kinase regulation. Trends Biochem.
Sci. 39 (10), 475–486. doi:10.1016/j.tibs.2014.08.004

55. Nangia-Makker, P., Hogan, V., and Raz, A. (2018). Galectin-3 and cancer
stemness. Glycobiology. 28 (4), 172–181. doi:10.1093/glycob/cwy001

56. Ibrahim, T. M., Ernst, C., Lange, A., Hennig, S., and Boeckler, F. M. (2019). Small-
molecule intervention at the dimerization interface of survivin by novel rigidized
scaffolds. Drug Des. Dev. Ther. 13, 4247–4263. doi:10.2147/DDDT.S224561

57. Yue, B. (2014). Biology of the extracellular matrix: an overview. J. Glaucoma.
23 (8 Suppl. 1), S20–S23. doi:10.1097/IJG.0000000000000108

58. Tuck, A. B., Hota, C., Wilson, S. M., and Chambers, A. F. (2003). Osteopontin-
induced migration of human mammary epithelial cells involves activation of
EGF receptor and multiple signal transduction pathways. Oncogene. 22 (8),
1198–1205. doi:10.1038/sj.onc.1206209

59. Jones, P. L., Crack, J., and Rabinovitch, M. (1997). Regulation of tenascin-C, a
vascular smooth muscle cell survival factor that interacts with the alpha v beta
3 integrin to promote epidermal growth factor receptor phosphorylation and
growth. J. Cell Biol. 139 (1), 279–293. doi:10.1083/jcb.139.1.279

60. Hayashi, C., Rittling, S., Hayata, T., Amagasa, T., Denhardt, D., Ezura, Y., et al.
(2007). Serum osteopontin, an enhancer of tumor metastasis to bone,
promotes B16 melanoma cell migration. J. Cell. Biochem. 101 (4),
979–986. doi:10.1002/jcb.21298

61. Eberwein, P., Laird, D., Schulz, S., Reinhard, T., Steinberg, T., and Tomakidi, P.
(2015). Modulation of focal adhesion constituents and their down-stream
events by EGF: on the cross-talk of integrins and growth factor receptors.
Biochim. Biophys. Acta. 1853 (10 Pt A), 2183–2198. doi:10.1016/j.bbamcr.
2015.06.004

62. Huang, R. H., Quan, Y. J., Chen, J. H., Wang, T. F., Xu, M., Ye, M., et al.
(2017). Osteopontin promotes cell migration and invasion, and inhibits
apoptosis and autophagy in colorectal cancer by activating the p38 MAPK
signaling pathway. Cell. Physiol. Biochem. 41 (5), 1851–1864. doi:10.
1159/000471933

63. Eke, I., and Cordes, N. (2015). Focal adhesion signaling and therapy
resistance in cancer. Semin. Canc. Biol. 31, 65–75. doi:10.1016/j.
semcancer.2014.07.009

64. Sun, Y., Liu,W. Z., Liu, T., Feng, X., Yang, N., and Zhou, H. F. (2015). Signaling
pathway of MAPK/ERK in cell proliferation, differentiation, migration,
senescence and apoptosis. J. Recept. Signal Transduct. Res. 35 (6), 600–604.
doi:10.3109/10799893.2015.1030412

65. Savoia, P., Fava, P., Casoni, F., and Cremona, O. (2019). Targeting the ERK
signaling pathway in melanoma. Int. J. Mol. Sci. 20 (6), 1483. doi:10.3390/
ijms20061483

66. Zhang, X. Y., and Zhang, P. Y. (2016). Genetics and epigenetics of melanoma.
Oncol Lett. 12 (5), 3041–3044. doi:10.3892/ol.2016.5093

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Kiss, Jámbor, Koroknai, Szász, Bárdos, Mokánszki, Ádány and
Balázs. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Pathology & Oncology Research March 2021 | Volume 27 | Article 58139510

Kiss et al. Osteopontin silencing and melanoma progression

https://doi.org/10.1097/CMR.0000000000000227
https://doi.org/10.1097/CMR.0000000000000227
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1016/j.matbio.2014.03.001
https://doi.org/10.3892/ol.2019.9905
https://doi.org/10.1111/j.1468-3083.2011.04210.x
https://doi.org/10.3389/fonc.2014.00383
https://doi.org/10.5681/apb.2014.046
https://doi.org/10.4103/0019-509X.175598
https://doi.org/10.1002/ijc.24890
https://doi.org/10.1007/s10585-012-9462-8
https://doi.org/10.3748/wjg.v20.i30.10440
https://doi.org/10.3892/mmr.2015.3202
https://doi.org/10.1111/j.0022-202X.2005.23680.x
https://doi.org/10.1158/1078-0432.CCR-13-0074
https://doi.org/10.1186/s12957-015-0605-7
https://doi.org/10.7150/jca.13332
https://doi.org/10.3892/ijo.2014.2393
https://doi.org/10.1038/jid.2012.263
https://doi.org/10.1007/s12094-012-0889-9
https://doi.org/10.18632/oncotarget.13529
https://doi.org/10.4137/CMO.S29462
https://doi.org/10.4137/CMO.S29462
https://doi.org/10.1016/j.ijbiomac.2019.09.118
https://doi.org/10.1515/cclm-2015-0821
https://doi.org/10.3892/or.2017.5616
https://doi.org/10.1515/raon-2015-0035
https://doi.org/10.1515/raon-2015-0035
https://doi.org/10.1016/j.tibs.2014.08.004
https://doi.org/10.1093/glycob/cwy001
https://doi.org/10.2147/DDDT.S224561
https://doi.org/10.1097/IJG.0000000000000108
https://doi.org/10.1038/sj.onc.1206209
https://doi.org/10.1083/jcb.139.1.279
https://doi.org/10.1002/jcb.21298
https://doi.org/10.1016/j.bbamcr.2015.06.004
https://doi.org/10.1016/j.bbamcr.2015.06.004
https://doi.org/10.1159/000471933
https://doi.org/10.1159/000471933
https://doi.org/10.1016/j.semcancer.2014.07.009
https://doi.org/10.1016/j.semcancer.2014.07.009
https://doi.org/10.3109/10799893.2015.1030412
https://doi.org/10.3390/ijms20061483
https://doi.org/10.3390/ijms20061483
https://doi.org/10.3892/ol.2016.5093
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Silencing Osteopontin Expression Inhibits Proliferation, Invasion and Induce Altered Protein Expression in Melanoma Cells
	Introduction
	Materials and Methods
	Melanoma Cell Lines
	Melanoma Tissue Samples
	RNA Extraction and qRT-PCR Analysis
	siRNA Experiments
	Cell Proliferation Assay
	In vitro Invasion Assay
	Protein Expression Analysis
	Statistical Analysis

	Results
	OPN Gene Expression Patterns in Melanoma Cell Lines and Primary and Metastatic Melanoma Tissues
	Effect of RNAi on OPN Expression
	Effect of RNAi on the Invasive Behaviour of Melanoma Cell
	Protein Expression Analysis of the Original and OPN siRNA-Transfected Cells

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


