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Abstract: Cutaneous melanoma (CM) remains one of the leading causes of tumor mortality due to
its high metastatic spread. CM growth is influenced by inflammation regulated by prostaglandins
(PGs) whose synthesis is catalyzed by cyclooxygenases (COXs). COX inhibitors, including
non-steroidal anti-inflammatory drugs (NSAIDs), can inhibit tumor development and growth. In
particular, in vitro experiments have shown that celecoxib, a NSAID, inhibits the growth of some
tumor cell lines. However, two-dimensional (2D) cell cultures, used in traditional in vitro anti-
cancer assays, often show poor efficacy due to a lack of an in vivo like cellular environment.
Three-dimensional (3D) cell cultures, such as spheroids, are better models because they can mimic
the common features displayed by human solid tumors. Hence, in this study, we evaluated the
anti-neoplastic potential of celecoxib, in both 2D and 3D cell cultures of A2058 and SAN melanoma
cell lines. In particular, celecoxib reduced the cell viability and migratory capability and triggered
the apoptosis of melanoma cells grown as 2D cultures. When celecoxib was tested on 3D melanoma
cell cultures, the drug exerted an inhibitory effect on cell outgrowth from spheroids and reduced
the invasiveness of melanoma cell spheroids into the hydrogel matrix. This work suggests that
celecoxib could represent a new potential therapeutic approach in melanoma therapy.

Keywords: non-steroidal anti-inflammatory drugs; celecoxib; melanoma; two-dimensional (2D)
cell cultures; three-dimensional (3D) cell cultures

1. Introduction

Among solid tumors, cutaneous melanoma (CM) is one of the most aggressive
forms and represents one of the leading causes of cancer-related mortality because of its
high metastatic spread [1]. It is known that the development and progression of mela-
noma is strictly linked to specific genomic alterations, generally occurring in cells of so-
matic tissues and involving both oncogenes and tumor suppressor genes [2,3].

Exogenous factors play a pivotal role in the development of melanoma. Indeed,
exposure to ultraviolet radiation (UV) can lead to genomic damage that contributes to
uncontrolled melanocytic proliferation [4,5]. In particular, mutations in the B-Raf Pro-
to-Oncogene, Serine/Threonine Kinase (BRAF) gene or Neuroblastoma RAS Viral Onco-
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gene Homolog (NRAS) gene have been detected in most CM cases, with a frequency of
50-70% and 15-30%, respectively [1].

In its early stage, melanoma is treated promptly by a surgical excision, which rep-
resents the most common way to eradicate melanomas [6]. However, when melanoma is
diagnosed in an advanced stage, the surgical treatment must be associated with systemic
standard therapies [7]. In particular, molecular targeted therapy with BRAF and/or MEK
inhibitors (BRAF/MEKIi) represents one of the most promising therapeutic strategies
against CM-carrying mutations in B-RAF or N-RAS genes. However, the overall survival
(OV) is limited in most patients because of the occurrence of therapy resistance due to
high melanoma plasticity that induces the activation of alternative survival pathways [8-
11]. In particular, drug treatments can induce genomic and non-genomic modifications
that lead to MAPK signaling reactivation and/or AKT pathway sustainment [12]. There-
fore, there is an urgent need to find other molecules that have an effect against melano-
ma, even when used in association with current anti-melanoma drugs.

Besides genomic instability, inflammation represents a pivotal factor in tumor de-
velopment and progression. In fact, inflammatory factors such as cytokines, chemokines,
and prostaglandins (PGs) are secreted by the tumor cells and generate an optimal envi-
ronment for cancer development and progression [13,14]. In particular, skin is exposed to
several environmental factors that provoke a chronic inflammation status often associ-
ated with the onset of tumorigenesis [15]. PGs are the main molecules promoting the
inflammatory processes, and their production is catalyzed by cyclooxygenases (COXs),
starting from arachidonic acid. There are two forms of COXs: COX-1 is constitutively
expressed in most cells, whereas COX-2, the inducible form, is rapidly expressed by in-
flammatory stimuli, mitogens, growth factors, and cytokines [16]. It is known that the
increased expression of COX-2 in many cancer cells is associated with increments of pro-
liferation, angiogenesis, and metastasis that are mediated by prostacyclins and prosta-
glandins [17-19]. In particular, COX-2 can be considered as a negative prognostic marker
for many tumors, including melanoma [20-22]. Non-steroidal anti-inflammatory drugs
(NSAIDs) are inhibitors of COXs and act as analgesic, antipyretic and anti-inflammatory
agents. It has been shown that some NSAIDs can exert an anti-tumor effect, and they
have been used in preclinical trials [23-28]. Furthermore, from many case-control studies,
it has emerged that the use of NSAIDs for a long time can reduce significantly the inci-
dence of colorectal cancer and breast cancer [29,30]. In particular, celecoxib, a selective
COX-2 inhibitor, characterized by a lower gastrointestinal toxic effect, is the only
FDA-approved NSAID for patients with familial adenomatous polyposis (FAP) [31].
Moreover, in vitro and in vivo studies have shown that celecoxib exerts a chemopreven-
tive and anticancer effect on several tumors, including melanoma [32-34].

Hence, in this study, we have evaluated the cytotoxic effect of celecoxib in two
melanoma cell lines characterized by different histological origins. In particular, the ac-
tion of celecoxib was evaluated in A2058 and SAN melanoma cell lines that derive from a
lymph nodal metastasis [35] and primary tumor [36,37], respectively. We have found that
celecoxib reduces cell viability and migratory capability and induces apoptosis of mela-
noma cells grown as two-dimensional (2D) cell cultures. Furthermore, celecoxib also ex-
erts a toxic effect on three-dimensional (3D) cell cultures of melanoma cells.

2. Materials and Methods
2.1. Cell Cultures

The A2058 human melanoma cell line was provided by CEINGE (Naples, Italy) and
the SAN human melanoma cell line was kindly gifted by Prof. Maria Fiammetta Romano
of the University of Naples Federico II. Human primary fibroblasts were obtained and
cultured as previously described [38] and their use received approval from the Ethics
Committee of the University of Naples Federico II (Comitato Etico Universita Federico 11,
Naples, Italy). The assigned protocol number is 228/18. A2058 and SAN melanoma cells
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were grown in Dulbecco’s Modified Eagle Medium (DMEM; Microgem Laboratory Re-
search, Milan, Italy) supplemented with 10% Fetal Bovine Serum (FBS; Microgem La-
boratory Research, Milan, Italy), 2 mM I-glutamine, 100 IU/mL penicillin G, and 100
ug/mL streptomycin in a humidified incubator at 37 °C under a 5% CO2 atmosphere.
Cancer cells were split and seeded in plates (75 cm?) every 2 days and used for assays
during the exponential phase of growth. Cell treatments were always carried out 24 h
after plating. Cells were observed with a phase-contrast microscope, the Carl Zeiss (Jena,
Germany) HBO 50/ac model; the images were acquired with a digital video camera
(Panasonic Lumix DC-FZ82 Bridge) connected to the microscope.

2.2. Cell Viability Assay

Cell viability was measured using a CellTiter-Glo® Luminescent Cell Viability Assay
kit (Promega, Madison, W1, USA), as previously described [39]. Briefly, cells were seeded
into 96-well microplates (1 x 104 cells/well), and after 24 h of incubation, cells were treated
with different concentrations of celecoxib or with 0.5% (v/v) DMSO (Sigma-Aldrich, St.
Louis, MO, USA) as control vehicle. After 24, 48 or 72 h of treatment, the microplate was
equilibrated at room temperature for 30 min prior to the addition of 100 pL/well of
CellTiter-Glo. The plate was shaken for 2 min to induce cell lysis and incubated at room
temperature for 10 min to stabilize the luminescent signal before reading. Luminescence
was measured using a BioTek Synergy H1 microplate reader (Agilent, Santa Clara, CA,
USA).

2.3. Colony Formation Assay

The colony-forming assay was performed as previously described [40]. Briefly, cells
were seeded in duplicate in 6-well plates at a density of 4 x 102 cells per well. After 2/3
days, cells were treated with 0.5% (v/v) DMSO as control vehicle or different celecoxib
concentrations and incubated for an additional 7 days at 37 °C. Then, colonies were
stained with 1% (w/v) crystal violet (Sigma-Aldrich, St. Louis, MO, USA) in 50% (v/v)
ethanol for 1 h at room temperature. Cells were photographed with a digital camera
(Panasonic Lumix DC-FZ82 Bridge); the number of colonies was counted using Image]
1.53t software.

2.4. Measurement of Caspase-3 Activity

The caspase-3 enzymatic activity was measured by using a caspase-3 fluorimetric
assay kit (BioVision, Milpitas, CA, USA), according to the manufacturer’s protocol.
Briefly, cells were seeded into 75 cm? plates (3 x 10¢ cells/plate) and after 24 h were treated
for 7 h with different concentrations of celecoxib or 0.5% (v/v) DMSO as control vehicle.
At the end of drug incubation, cells were collected, washed with phosphate-buffered sa-
line (PBS, Sigma-Aldrich, St. Louis, MO, USA) constituted by 10 mM Na:HPOs, 2 mM
KH2POs, pH 7.4, supplemented with 137 mM NaCl and 2.7 mM KCl, and finally lysed at
4 °Cin cell lysis buffer. Cell lysates were incubated with 50 pM DEVD-AFC substrates at
37 °C for 2 h, to detect caspase-3 activity, using a Cary Eclipse spectrofluorometer. Exci-
tation and emission wavelengths were set at 400 nm and 505 nm, respectively; both ex-
citation and emission slits were set at 10 nm.

2.5. Wound Healing Assay

The cell migration was evaluated by a wound assay. Briefly, cells (4 x 10° cells/well)
were seeded into 6-well plates and after 24 h of incubation the cell monolayer was care-
fully scratched with a sterilized pipette tip (p10) and incubated for 24 h with different
concentrations of celecoxib or 0.5% (v/v) DMSO as control vehicle. To achieve an objective
wound closure evaluation, eight fields per scratch were photographed and measured at 0
and 24 h with a digital video camera (Panasonic Lumix DC-FZ82 Bridge). Quantitative
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analysis of wound closure was performed by measuring the gap area by using Image]
1.53t software.

2.6. Generation and Growth of Spheroids

Melanoma cell spheroids were generated by using the previously described hang-
ing-drops method [38]. Briefly, 20 pL of cell-suspension drop, supplemented with 0.25%
methylcellulose (vol/vol in medium) and containing A2058 (5 x 104 cells) or SAN (7 x 10%)
cells were seeded on the inverted lids of 6-well plates containing 1 mL of PBS per well to
avoid culture medium evaporation. After 48 h of incubation at 37 °C, 5uL of fresh culture
medium was added to each drop to allow the growth of spheroids for a further 24 h at 37
°C.

2.7. Spheroid Migration Assay

Each single spheroid, generated as described above, was transferred from the lid of a
6-well plate to an individual well of a 24-well adhesion plate containing complete cell
culture medium to allow spheroid adhesion. Spheroids were incubated for 3 days with
different concentrations of celecoxib or 0.5% (v/v) DMSO as control vehicle. The area
covered by melanoma cells migrating out from the spheroids and spreading on a plastic
surface can be used as an index of cell migration [41]. To this aim, images were taken at
different time points with a digital camera (Panasonic Lumix DC-FZ82 Bridge) connected
to a phase-contrast microscope, Carl Zeiss (Jena, Germany) HBO 50/ac model.

2.8. 3D Hydrogel Invasion Assay

Tumor cell spheroids in hydrogel can be used to study, in vitro, the cell invasion
processes [42]. The 3D hydrogel invasion assay was used to analyze the behavior of
melanoma cells migrating from the spheroids into a matrix. Each single spheroid, gener-
ated as described above, was transferred from the lid of a 6-well plate to an individual
well of a 96-well plate containing 100 pL/well of a mix of VitroGel Hydrogel Matrix (The
Well Bioscience, North Brunswick, NJ, USA) and complete culture medium (ratio 2:1
(v/v)), according to the manufacturing protocol. After matrix solidification, 50 uL/well of
complete culture medium was added and spheroids were incubated for 3 days with
different concentrations of celecoxib or 0.5% (v/v) DMSO as control vehicle. Images were
taken at different time points with a digital camera (Panasonic Lumix DC-FZ82 Bridge)
connected to a phase-contrast microscope, Carl Zeiss (Jena, Germany) HBO 50/ac model.

2.9. Statistical Analysis

Data are reported as the mean * standard error (SE). The statistical significance of
differences among groups was evaluated using ANOVA, with the Bonferroni correction
as a post hoc test or the Student t-test where appropriate. The significance was accepted
at the level of p <0.05.

3. Results and Discussion
3.1. Effect of Celecoxib on Morphology of Melanoma Cells
A2058 and SAN melanoma cell lines were incubated with vehicle alone or with in-

creasing concentrations of celecoxib (60, 80 or 100 uM) for 24 and 48 h, and morphologi-
cal changes were monitored by a light microscopy (Figure 1).
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Figure 1. Effect of celecoxib on the cell morphology of A2058 and SAN melanoma cell lines and
primary human fibroblasts. (a) A2058 melanoma cells, (b) SAN melanoma cells, and (c) primary
human fibroblasts were treated with vehicle alone (0.5% (v/v) DMSO) or 60, 80 or 100 pM celecoxib
for 24 and 48 h. Images are representative of three independent experiments. Magnification x10.

The morphological changes were evident after 48-h treatment in both cell lines
(Figure 1a,b). In particular, cell treatment with 80 and 100 uM celecoxib provoked cell
morphological alterations that can be associated with a toxic action exerted by the drug.
To investigate the specific toxic effect exerted by celecoxib in melanoma cells, human
primary fibroblasts were incubated with the same concentrations of celecoxib for 24 and
48 h. As shown in Figure 1c, the morphology of fibroblasts does not appear to be greatly
altered by treatment with celecoxib. The constant and ubiquitous presence of fibroblasts
in any body tissue is well understood. Hence, the absence of significant morphological
changes in fibroblasts treated with celecoxib suggests a more specific toxic effect of this
drug on melanoma cells.

3.2. Effect of Celecoxib on Cell Viability of Melanoma Cells

The toxic effect exerted by celecoxib on melanoma cells was investigated by per-
forming an ATP assay to evaluate the cell viability in the presence of the drug. In partic-
ular, A2058 and SAN melanoma cells were treated with vehicle alone or increasing con-
centrations of celecoxib (30, 60, 80 or 100 uM) for different incubation times. Data shown
in Figure 2 indicate that celecoxib reduced the cell viability of both melanoma cell lines in
a dose- and time-dependent manner.
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Figure 2. Dose- and time-dependent effect of celecoxib on melanoma cell viability. (a) A2058 cells
and (b) SAN cells were incubated with vehicle alone (0.5% (v/v) DMSO) or 30, 60, 80 or 100 uM
celecoxib. ATP assay was carried out and cell viability was evaluated after 24, 48 and 72 h of
treatment. Values, reported as a percentage with respect to untreated control cells, represent the
mean * SE of three independent experiments performed in triplicate. * p < 0.05, ** p < 0.01, ** p <
0.001, **** p < 0.0001 compared to control cells.

In particular, in the A2058 cell line, after 72 h of incubation with celecoxib, the value
of ICso was 63 + 4 pM and the maximum toxic effect was reached after 72-h incubation
with 100 uM celecoxib (Figure 2a). On the other hand, SAN cells seem more sensitive to
celecoxib compared to A2058 cells. Indeed, after 72 h of incubation with celecoxib the
value of ICso was 45 + 4 uM and a complete absence of cell viability was already observed
after 48-h treatment with 100 uM celecoxib (Figure 2b).

To further evaluate celecoxib’s cytotoxic action, a colony-forming assay was per-
formed. This test is widely used in cancer research, as the capacity to form clones repre-
sents a typical trait of cancer cells, and it is a standard tool to evaluate, for the long term,
the cytotoxic effects of various agents with potential clinical application [43]. Hence,
A2058 and SAN melanoma cells were treated with vehicle alone or increasing concentra-
tions of celecoxib (7.5, 15, 30, 60 or 80 pM) and the number of colonies was detected
(Figure 3).
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Figure 3. Effect of celecoxib on colony-forming ability of A2058 and SAN melanoma cells. (a) A2058
cells and (b) SAN cells were seeded into 6-well culture plates and treated with vehicle alone (0.5%
(v/v) DMSO) or 7.5, 15, 30, 60 or 80 uM celecoxib for 7 days. Then, plates were photographed and
images of representative experiments are shown. Plots report the number of colonies counted as
indicated in the Materials and Methods Section; values are expressed in percentages with respect to
untreated control cells and reported as the mean + SE from at least three different experiments. *** p
<0.001, and **** p <0.0001 compared to control cells.

In particular, celecoxib affected the ability to form colonies in both cell lines, even at
low concentrations. Indeed, in both A2058 (Figure 3a) and SAN cells (Figure 3b) a sig-
nificant reduction in the number of colonies was already observed in the presence of 15 or
30 uM celecoxib, respectively, and in both cell lines 80 uM celecoxib completely inhibited
the formation of colonies. Furthermore, celecoxib also exerts an effect on the size of col-
onies. In particular, colonies of A2058 cells (Figure 3a) and, to a lesser extent, of SAN cells
(Figure 3b), were smaller with respect to control groups. It is important to note that, in
vitro, colonies can show different morphology, and for this reason they can be classified
as holoclones, meroclones, and paraclones [44]. These colony types can derive from stem
cells, transit-amplifying cells, and differentiated cells, respectively. In particular, by using
prostate cancer cells, it has been shown that the proportion of stem cells, rather than their
presence or absence, is diverse in the different colony types [45]. Hence, it can be sup-
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posed that the smaller size of colonies induced by celecoxib could be indicative of an
effect of the drug on cancer stem cells. Further experiments will be performed to evaluate
this hypothesis.

It is known that many drugs, including NSAIDs, exert their cytotoxic effects through
the induction of apoptosis [24,46,47]. Hence, the pro-apoptotic action of celecoxib was
investigated by measuring the caspase-3 enzymatic activity in melanoma cells. The effect
of celecoxib on the activation of caspase-3, the main final mediator of the apoptosis pro-
gram [48], was monitored after drug incubation. In particular, A2058 and SAN melanoma
cells were treated with vehicle alone or different concentrations of celecoxib (40 or 80 uM)
for 7 h and caspase-3 enzymatic activity was measured fluorometrically (Figure 4).
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Figure 4. Effect of celecoxib on the caspase-3 activity in melanoma cell lines. (a) A2058 cells and (b)
SAN cells were incubated with vehicle alone (0.5% (v/v) DMSO) or 40 or 80 uM celecoxib. Caspa-
se-3 enzymatic activity is expressed as a fold increase with respect to untreated control cells and
reported as the mean + SE from at least three different experiments. ** p < 0.01, *** p < 0.001 com-
pared to control cells.

A significant increase of caspase-3 activity was induced in both cell lines by treat-
ment with 80 puM celecoxib. On the other hand, the effect of celecoxib at 40 uM was sig-
nificant only in SAN cells (Figure 4b), although the trend towards the increase was also
evident in A2058 cells (Figure 4a).

Taken together, these data demonstrate that celecoxib exerts a strong toxic effect on
A2058 and SAN melanoma cell lines and that this drug can affect melanoma cell viability
by inducing apoptosis.

3.3. Effect of Celecoxib on Motility Capacity of Melanoma Cells

Melanoma cells are characterized by a high migratory and invasive capacity that
represents a requisite for metastasis [49,50]. It has been shown that prostaglandins regu-
late the migration and invasion of tumor cells [51]. Hence, we have evaluated the action
of celecoxib on melanoma cell motility through a wound-healing assay. In particular, the
motility of A2058 and SAN melanoma cells was monitored after 24 h of treatment with
different concentrations of celecoxib. As shown in Figure 5, the effect of celecoxib on the
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migratory capability of melanoma cells was dose-dependent, with a similar trend in
A2058 (Figure 5a,b) and SAN (Figure 5¢,d) melanoma cells.
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Figure 5. Effect of celecoxib on migratory capability of melanoma cells. (a) A2058 cells and (c) SAN
cells were wounded with a pipette tip and photographed immediately after the wounding (0 h) and
after 24 h of treatment with vehicle alone (0.5% (v/v) DMSO) or 20, 40 or 60 uM celecoxib. Quanti-
fication of migration capacity of (b) A2058 cells and (d) SAN cells incubated for 24 h with vehicle
alone (0.5% (v/v) DMSO) (white bar), 20 pM celecoxib (black bar), 40 uM celecoxib (cyan bar), or 60
UM celecoxib (blue bar). Eight fields per scratch were measured to achieve an objective evaluation.
Data are expressed as percentage of wound closure after 24 h of treatment with respect to 0 h and
reported as the mean of two independent experiments + SE. ** p <0.01; *** p <0.0001 compared to
control cells.

In particular, a not significant decrease of wound closure percentage was already
evident in the presence of 20 uM celecoxib. This decrease became significant after treat-
ment with 40 or 60 uM celecoxib. Therefore, it is noteworthy that celecoxib also exerts an
anti-migratory action on melanoma cells. It is important to note that in 27 patients,
affected by non-resectable metastatic melanoma and treated with celecoxib, the median
overall survival was increased by up to 31.9 months. Moreover, among these patients,
one complete response was also observed [52].
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3.4. Effect of Celecoxib on 3D Melanoma Cell Cultures

The use of two-dimensional (2D) cell cultures represents a valid tool to evaluate the
cytotoxicity of molecules, but it also represents a preliminary step to test the cell’s sensi-
bility to drugs. Indeed, cells in a 2D model grow on a flat surface, relying both on cell—cell
interaction and cell-plate adhesion, which can affect many cellular processes [53]. As a
result, cells cultured in 2D may not behave as they would in the body, because this model
does not adequately mimic the in vivo microenvironment. Hence, three-dimensional (3D)
cell cultures, such as spheroids, may be an effective system to use as a drug testing plat-
form, being a compromise between 2D cell cultures and animal models. In particular,
spheroids are an important experimental system for cancer research because they show
similar features to tumor tissue organization [54]. Furthermore, many studies have re-
ported different effects on 2D cell cultures and spheroids in terms of drug resistance,
showing that spheroids, as the in vivo models, are often more drug-resistant than 2D cell
cultures [55]. Hence, to better investigate the anticancer action of celecoxib, this drug was
tested on 3D cell cultures of A2058 and SAN melanoma cells. To this end, we generated
spheroids by using the hanging-drops method and, after 72 h, each drop containing one
spheroid was transferred into a standard adhesion well of a 24-well plate. Spheroids were
left untreated and treated with different concentrations of celecoxib (40, 80 or 100 pM),
and the cell adhesion and outgrowth from spheroids was monitored after 24, 48 and 72 h.
As shown in Figures 6 and 7, celecoxib exerted a strong toxic effect at 80 and 100 uM in
both cell lines.

40 uM 80 uM 100 uM
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Figure 6. Influence of celecoxib on cell outgrowth and migration from spheroids of A2058 cells.
Single spheroids, placed into individual wells of a 24-well adhesion plate, were treated with vehicle
alone (0.5% (v/v) DMSO) or with increasing concentrations of celecoxib (40, 80 or 100 uM). The cell
outgrowth from each spheroid was monitored after 24, 48 and 72 h of treatment. Images are rep-
resentative of three independent experiments. Magnification x10.

40 uM 80 uM 100 pM

oo
ojo
-

Figure 7. Influence of celecoxib on cell outgrowth and migration from spheroids of SAN cells. Sin-
gle spheroids, placed into individual wells of a 24-well adhesion plate, were treated with vehicle
alone (0.5% (v/v) DMSO) or with increasing concentrations of celecoxib (40, 80 or 100 uM). The cell
outgrowth from spheroid was monitored after 24, 48 and 72 h of treatment. Images are representa-
tive of three independent experiments. Magnification x10.

Indeed, after treatment with 80 and 100 uM of celecoxib, the cell outgrowth from the
spheroids is clearly absent. In the presence of 40 uM of celecoxib, the behavior of the two
cell types is different. Indeed, A2058 melanoma cells seem more resistant to 40 uM of
celecoxib, compared with SAN cells (Figures 6 and 7), because the area of cell outgrowth
from the spheroids after 48 and 72 h was only slightly less expanded with respect to the
control. On the other hand, after 48 h and to a greater extent after 72 h of incubation, the
outgrowth of SAN cells from the spheroids was lower with respect to the control (Figure
7). These results indicate that the reduction or the absence of cell outgrowth from the
spheroids induced by celecoxib could be associated with an inhibitory effect of the drug
on cell migratory capability.

We have also used 3D cell cultures of melanoma cells to evaluate the action of
celecoxib on cell invasion capacity. To this aim, single spheroids, produced by using the
hanging-drops method, were transferred after 72 h into individual wells of a 96-well
plate containing hydrogel. Hydrogels represent a good tool to study the growth, as well
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as the response, of tumor spheroids to drugs in a more appropriate environment
[40,56,57]. In particular, the hydrogel polymerization forms a dense gel that encapsulates
the spheroid, permitting the study of cell invasion behavior [58-60]. Hence, spheroids of
A2058 and SAN melanoma cells were untreated and treated with different concentrations
of celecoxib (40, 80 or 100 uM) and their cell invasion capability into hydrogel was eval-
uated after 24, 48 and 72 h (Figures 8 and 9).

Figure 8. Influence of celecoxib on A2058 cell invasion capacity from spheroid into hydrogel. Single
spheroids of A2058 cells, transferred into an individual well of a 96-well plate containing hydrogel,
were treated with vehicle alone (0.5% (v/v) DMSO) or with increasing concentrations of celecoxib
(40, 80 or 100 uM), and the cell invasion capacity from spheroid in the surrounding hydrogel was
monitored after 24, 48 and 72 h of treatment. Images are representative of three independent ex-
periments. Magnification x10.
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vehicle

Figure 9. Influence of celecoxib on SAN cell invasion capacity from spheroid into hydrogel. Single
spheroids of SAN cells, transferred into an individual well of a 96-well plate containing hydrogel,
were treated with vehicle alone (0.5% (v/v) DMSO) or with increasing concentrations of celecoxib
(40, 80 or 100 uM) and the cell invasion capacity from spheroid in the surrounding hydrogel was
monitored after 24, 48 and 72 h of treatment. Images are representative of three independent ex-
periments. Magnification x10.

In particular, the results evidenced a gradual increase of cell invasion from the
spheroids of A2058 cells into the hydrogel in untreated samples (Figure 8). Indeed, the
area of invasion was already evident after 24 h and increased after 48 and 72 h. On the
other hand, in samples treated with 40 puM celecoxib, the cell invasion began to be clear
only after 48 h and the invasion area, also after 72 h of treatment, was less pronounced
with respect to the control. Furthermore, in the presence of 80 and 100 uM celecoxib, no
cell invasion from spheroid into hydrogel was evident. In untreated SAN cells, the pro-
cess of invasion was evident only after 48 h and increased at 72 h (Figure 9). In the pres-
ence of 40 uM celecoxib, the area of cell invasion was little pronounced after 48 and 72 h
of drug treatment, and also in this melanoma cell line, treatment with 80 and 100 pM of
celecoxib inhibited completely the cell invasion into the hydrogel. These data indicate
that celecoxib also exerts an inhibitory effect on both A2058 and SAN cell invasion capa-
bility, although SAN cells also, in this test, are more sensible to celecoxib with respect to
A2058 cells.

Taken together, these experiments indicate that celecoxib is capable of exerting a
toxic action also when it is tested on a 3D cell structure such as a spheroid of melanoma
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cells. Hence, a possible use of celecoxib in clinical trials, alone or in association with other
anti-melanoma drugs, could be considered.

4. Conclusions

The results obtained in this study highlight the toxic effect exerted by celecoxib in
human melanoma cell lines. In particular, the cytotoxic action of celecoxib was evidenced
in both 2D and 3D cultures of melanoma cells. Generally, the anti-tumor effect of some
molecules was first evaluated by using 2D cell cultures. However, the results obtained by
using such models can be clinically unreliable or ineffective and must be validated in a
system that more resembles in vivo conditions [55]. Hence, a better validation of the toxic
effects of drugs can be obtained by using 3D cultures. Therefore, the additional results
obtained when celecoxib was tested also on melanoma spheroids can be very informative
for the study of celecoxib in animal models and/or clinical trials. However, further in-
vestigations will be performed to deeper evaluate the action of this drug on melanoma
cell growth, also at the molecular level. Finally, it will be interesting to study the effects of
celecoxib in association with other conventional drugs used in melanoma therapy.

Author Contributions: Conceptualization, M.R.R. and A.A. (Alessandro Arcucci); methodology,
AV, RN, AG,RIL, SM, VA, LS, RA. and A.A. (Angelica Avagliano); resources, M.R.R.; data
curation, M.R.R., A.A. (Alessandro Arcucci), A.V. and R.N.; writing of original draft, M.R.R.; su-
pervision of the manuscript, M.R.R. and A.A. (Alessandro Arcucci). All authors have read and
agreed to the published version of the manuscript.

Funding: This study was funded by the Regione Campania “SATIN” grant 2018-2020.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Rosarita Nasso was supported by Fondazione Umberto Veronesi.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Leonardi, G.C,; Falzone, L.; Salemi, R.; Zanghi, A.; Spandidos, D.A.; Mccubrey, J.A.; Candido, S.; Libra, M. Cutaneous
Melanoma: From Pathogenesis to Therapy (Review). Int. J. Oncol. 2018, 52, 1071-1080. https://doi.org/10.3892/ijo.2018.4287.

2. Bruno, W.; Martinuzzi, C.; Dalmasso, B.; Andreotti, V.; Pastorino, L.; Cabiddu, F.; Gualco, M.; Spagnolo, F.; Ballestrero, A.;
Queirolo, P.; et al. Combining Molecular and Immunohistochemical Analyses of Key Drivers in Primary Melanomas:
Interplay between Germline and Somatic Variations. Oncotarget 2018, 9, 5691-5702. https://doi.org/10.18632/oncotarget.23204.

3. Al Hashmi, M,; Sastry, K.S.; Silcock, L.; Chouchane, L.; Mattei, V.; James, N.; Mathew, R.; Bedognetti, D.; De Giorgi, V.;
Murtas, D.; et al. Differential Responsiveness to BRAF Inhibitors of Melanoma Cell Lines BRAF V600E-Mutated. ]. Transl. Med.
2020, 18, 192. https://doi.org/10.1186/s12967-020-02350-8.

4.  Sarkar, S.; Gaddameedhi, S. Solar Ultraviolet-Induced DNA Damage Response: Melanocytes Story in Transformation to
Environmental Melanomagenesis. Env. Mol. Mutagen. 2020, 61, 736-751. https://doi.org/10.1002/em.22370.

5.  Millan-Esteban, D.; Pefia-Chilet, M.; Garcia-Casado, Z.; Manrique-Silva, E.; Requena, C.; Bafiuls, J.; Lopez-Guerrero, J.A.;
Rodriguez-Hernandez, A.; Traves, V.; Dopazo, J.; et al. Mutational Characterization of Cutaneous Melanoma Supports
Divergent Pathways Model for Melanoma Development. Cancers 2021, 13, 5219. https://doi.org/10.3390/cancers13205219.

6. Davis, L.E,; Shalin, S.C.; Tackett, A.J. Current State of Melanoma Diagnosis and Treatment. Cancer Biol. Ther. 2019, 20, 1366—
1379. https://doi.org/10.1080/15384047.2019.1640032.

7. Han, D.;; van Akkooi, A.CJ.; Straker, R.J.; Shannon, A.B.; Karakousis, G.C.; Wang, L.; Kim, K.B.; Reintgen, D. Current
Management of Melanoma Patients with Nodal Metastases. Clin. Exp. Metastasis 2022, 39, 181-199.
https://doi.org/10.1007/s10585-021-10099-7.

8. Winder, M,; Virés, A. Mechanisms of Drug Resistance in Melanoma. Handb. Exp. Pharmacol. 2018, 249, 91-108.
https://doi.org/10.1007/164_2017_17.

9.  Arozarena, I; Wellbrock, C. Phenotype Plasticity as Enabler of Melanoma Progression and Therapy Resistance. Nat. Rev.
Cancer. 2019, 19, 377-391. https://doi.org/10.1038/s41568-019-0154-4.

10. Kozar, I; Margue, C.; Rothengatter, S.; Haan, C.; Kreis, S. Many Ways to Resistance: How Melanoma Cells Evade Targeted

Therapies. Biochim. Biophys. Acta Rev. Cancer 2019, 1871, 313-322. https://doi.org/10.1016/j.bbcan.2019.02.002.



Life 2023, 13, 1067 15 of 17

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

Ruocco, M.R.; Avagliano, A.; Granato, G.; Vigliar, E.; Masone, S.; Montagnani, S.; Arcucci, A. Metabolic Flexibility in
Melanoma: A Potential Therapeutic Target. Semin. Cancer Biol. 2019, 59, 187-207.
https://doi.org/10.1016/j.semcancer.2019.07.016.

Anestopoulos, L; Kyriakou, S.; Tragkola, V.; Paraskevaidis, I.; Tzika, E.; Mitsiogianni, M.; Deligiorgi, M.V.; Petrakis, G.;
Trafalis, D.T.; Botaitis, S.; et al. Targeting the Epigenome in Malignant Melanoma: Facts, Challenges and Therapeutic Promises.
Pharmacol. Ther. 2022, 240, 108301. https://doi.org/10.1016/j.pharmthera.2022.108301.

Hibino, S.; Kawazoe, T.; Kasahara, H.; Itoh, S.; Ishimoto, T.; Sakata-Yanagimoto, M.; Taniguchi, K. Inflammation-Induced
Tumorigenesis and Metastasis. Int. |. Mol. Sci. 2021, 22, 5421. https://doi.org/10.3390/ijms22115421.

Greten, F.R.; Grivennikov, S.I. Inflammation and Cancer: Triggers, Mechanisms, and Consequences. Immunity 2019, 51, 27-41.
https://doi.org/10.1016/j.immuni.2019.06.025.

Neagu, M.; Constantin, C.; Caruntu, C.; Dumitru, C.; Surcel, M.; Zurac, S. Inflammation: A Key Process in Skin Tumorigenesis.
Oncol. Lett. 2019, 17, 4068—-4084. https://doi.org/10.3892/01.2018.9735.

Williams, C.S.; DuBois, R.N. Prostaglandin Endoperoxide Synthase: Why Two Isoforms? Am. J. Physiol. 1996, 270, G393-G400.
https://doi.org/10.1152/ajpgi.1996.270.3.G393.

Kamei, D.; Murakami, M.; Sasaki, Y.; Nakatani, Y.; Majima, M.; Ishikawa, Y.; Ishii, T.; Uematsu, S.; Akira, S.; Hara, S.; et al.
Microsomal Prostaglandin E Synthase-1 in Both Cancer Cells and Hosts Contributes to Tumour Growth, Invasion and
Metastasis. Biochem. . 2009, 425, 361-371. https://doi.org/10.1042/BJ20090045.

Tong, D.; Liu, Q; Liu, G.; Xu, J.; Lan, W.; Jiang, Y.; Xiao, H.; Zhang, D.; Jiang, J. Metformin Inhibits Castration-Induced EMT in
Prostate Cancer by Repressing COX2/PGE2/STAT3 Axis. Cancer Lett. 2017, 389, 23-32.
https://doi.org/10.1016/j.canlet.2016.12.031.

Zhang, X,; Yan, K,; Deng, L.; Liang, J.; Liang, H.; Feng, D.; Ling, B. Cyclooxygenase 2 Promotes Proliferation and Invasion in
Ovarian Cancer Cells via the PGE2/NF-KB Pathway. Cell Transpl. 2019, 28, 15-13S. https://doi.org/10.1177/0963689719890597.
Valentina Tudor, D.; Baldea, I.; Lupu, M.; Kacso, T.; Kutasi, E.; Hopartean, A.; Stretea, R.; Gabriela Filip, A. COX-2 as a
Potential ~Biomarker and Therapeutic Target in Melanoma. Cancer Biol. Med. 2020, 17, 20-31.
https://doi.org/10.20892/j.issn.2095-3941.2019.0339.

Minisini, A.M.; Pascoletti, G.; Intersimone, D.; Poletto, E.; Driol, P.; Spizzo, R.; Scott, C.A.; Puglisi, F.; Fasola, G.; Di Loreto, C.
Expression of Thymidine Phosphorylase and Cyclooxygenase-2 in Melanoma. Melanoma Res. 2013, 23, 96-101.
https://doi.org/10.1097/CMR.0b013e32835e7734.

Avagliano, A.; Fiume, G.; Ruocco, M.R.; Martucci, N.; Vecchio, E.; Insabato, L.; Russo, D.; Accurso, A.; Masone, S.;
Montagnani, S.; et al. Influence of Fibroblasts on Mammary Gland Development, Breast Cancer Microenvironment
Remodeling, and Cancer Cell Dissemination. Cancers 2020, 12, 1697. https://doi.org/10.3390/cancers12061697.

Thun, M.J; Henley, SJ.; Patrono, C. Nonsteroidal Anti-Inflammatory Drugs as Anticancer Agents: Mechanistic,
Pharmacologic, and Clinical Issues. J. Natl. Cancer Inst. 2002, 94, 252-266. https://doi.org/10.1093/jnci/94.4.252.

Albano, F.; Arcucci, A.; Granato, G.; Romano, S.; Montagnani, S.; De Vendittis, E.; Ruocco, M.R. Markers of Mitochondrial
Dysfunction during the Diclofenac-Induced Apoptosis in Melanoma Cell Lines. Biochimie 2013, 95, 934-945.
https://doi.org/10.1016/j.biochi.2012.12.012.

Avagliano, A.; Fiume, G.; Pelagalli, A ; Sanita, G.; Ruocco, M.R.; Montagnani, S.; Arcucci, A. Metabolic Plasticity of Melanoma
Cells and Their Crosstalk With Tumor Microenvironment. Front. Oncol. 2020, 10, 722. https://doi.org/10.3389/fonc.2020.00722.
Okamoto, K.; Saito, Y., Narumi, K., Furugen, A. Iseki, K. Kobayashi, M. Anticancer Effects of Non-Steroidal
Anti-Inflammatory Drugs against Cancer Cells and Cancer Stem Cells. Toxicol. Vitro 2021, 74, 105155.
https://doi.org/10.1016/j.tiv.2021.105155.

Quinones, O.G.; Pierre, M.B.R. Cutaneous Application of Celecoxib for Inflammatory and Cancer Diseases. Curr. Cancer Drug.
Targets 2019, 19, 5-16. https://doi.org/10.2174/1568009618666180430125201.

Chiang, S.-L.; Velmurugan, B.K.; Chung, C.-M.; Lin, S.-H.; Wang, Z.-H.; Hua, C.-H.; Tsai, M.-H.; Kuo, T.-M.; Yeh, K.-T.; Chang,
P.-Y,; et al. Preventive Effect of Celecoxib Use against Cancer Progression and Occurrence of Oral Squamous Cell Carcinoma.
Sci. Rep. 2017, 7, 6235. https://doi.org/10.1038/s41598-017-06673-3.

Ma, S.; Guo, C; Sun, C,; Han, T.; Zhang, H.; Qu, G;; Jiang, Y.; Zhou, Q.; Sun, Y. Aspirin Use and Risk of Breast Cancer: A
Meta-Analysis of Observational Studies from 1989 to 2019. Clin. Breast Cancer 2021, 21, 552-565.
https://doi.org/10.1016/j.clbc.2021.02.005.

Tomi¢, T.; Dominguez-Lopez, S.; Barrios-Rodriguez, R. Non-Aspirin Non-Steroidal Anti-Inflammatory Drugs in Prevention of
Colorectal Cancer in People Aged 40 or Older: A Systematic Review and Meta-Analysis. Cancer Epidemiol. 2019, 58, 52-62.
https://doi.org/10.1016/j.canep.2018.11.002.

Available online: www.clinicaltrials.gov (accessed on: 21 March 2023).

Sadhu, S.S.; Wang, S.; Averineni, RK.; Seefeldt, T.; Yang, Y.; Guan, X. In-Vitro and In-Vivo Inhibition of Melanoma Growth
and Metastasis by the Drug Combination of Celecoxib and Dacarbazine. Melanoma Res. 2016, 26, 572-579.
https://doi.org/10.1097/CMR.0000000000000291.

Pritchard, R.; Rodriguez-Enriquez, S.; Pacheco-Veldzquez, S.C.; Bortnik, V.; Moreno-Sanchez, R.; Ralph, S. Celecoxib inhibits
mitochondrial O2 consumption, promoting ROS dependent death of murine and human metastatic cancer cells via the
apoptotic signalling pathway. Biochem. Pharmacol. 2018, 154, 318-334. https://doi.org/10.1016/j.bcp.2018.05.013.



Life 2023, 13, 1067 16 of 17

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Wen, B.; Wei, Y.T.; Mu, L.L.; Wen, G.R,; Zhao, K. The Molecular Mechanisms of Celecoxib in Tumor Development. Med.
Baltim. 2020, 99, e22544. https://doi.org/10.1097/MD.0000000000022544.

Available online: https://www.cellosaurus.org/CVCL_1059 (accessed on: 21 March 2023).

Romano, M.F.; Avellino, R.; Petrella, A.; Bisogni, R.; Romano, S.; Venuta, S. Rapamycin Inhibits Doxorubicin-Induced
NF-KB/Rel Nuclear Activity and Enhances the Apoptosis of Melanoma Cells. Eur. J. Cancer 2004, 40, 2829-2836.
https://doi.org/10.1016/j.ejca.2004.08.017.

Benassi, B.; Zupi, G.; Biroccio, A. y-Glutamylcysteine Synthetase Mediates the C-Myc-Dependent Response to Antineoplastic
Agents in Melanoma Cells. Mol. Pharmacol. 2007, 72, 1015-1023. https://doi.org/10.1124/mol.107.038687.

Granato, G.; Ruocco, M.R.; Iaccarino, A.; Masone, S.; Cali, G.; Avagliano, A.; Russo, V.; Bellevicine, C.; Di Spigna, G.; Fiume,
G.; et al. Generation and Analysis of Spheroids from Human Primary Skin Myofibroblasts: An Experimental System to Study
Myofibroblasts Deactivation. Cell Death Discov. 2017, 3, 17038. https://doi.org/10.1038/cddiscovery.2017.38.

Carrese, B.; Cavallini, C.; Sanita, G.; Armanetti, P.; Silvestri, B.; Cali, G.; Pota, G.; Luciani, G.; Menichetti, L.; Lamberti, A.
Controlled Release of Doxorubicin for Targeted Chemo-Photothermal Therapy in Breast Cancer HS578T Cells Using Albumin
Modified Hybrid Nanocarriers. Int. J. Mol. Sci. 2021, 22, 11228. https://doi.org/10.3390/ijms222011228.

Cerchia, C.; Nasso, R;; Mori, M,; Villa, S.; Gelain, A.; Capasso, A.; Aliotta, F.; Simonetti, M.; Rullo, R.; Masullo, M.; et al.
Discovery of Novel Naphthylphenylketone and Naphthylphenylamine Derivatives as Cell Division Cycle 25B (CDC25B)
Phosphatase Inhibitors: Design, Synthesis, Inhibition Mechanism, and In Vitro Efficacy against Melanoma Cell Lines. ]. Med.
Chem. 2019, 62, 7089-7110. https://doi.org/10.1021/acs.jmedchem.9b00632.

Nederman, T. Effects of Vinblastine and 5-Fluorouracil on Human Glioma and Thyroid Cancer Cell Monolayers and
Spheroids. Cancer Res. 1984, 44, 254-258.

Li, Y.; Kumacheva, E. Hydrogel Microenvironments for Cancer Spheroid Growth and Drug Screening. Sci. Adv. 2018, 4,
eaas8998. https://doi.org/10.1126/sciadv.aas8998.

Munshi, A.; Hobbs, M., Meyn, R.E. Clonogenic Cell Survival Assay. Methods Mol. Med. 2005 110, 21-28.
https://doi.org/10.1385/1-59259-869-2:021.

Gruber, M.; Handle, F.; Culig, Z. The Stem Cell Inhibitor Salinomycin Decreases Colony Formation Potential and
Tumor-initiating Population in Docetaxel-Sensitive and Docetaxel-Resistant Prostate Cancer Cells. Prostate 2020, 80, 267-273.
https://doi.org/10.1002/pros.23940.

Beaver, C.M.; Ahmed, A.; Masters, ].R. Clonogenicity: Holoclones and Meroclones Contain Stem Cells. PLoS ONE 2014, 9,
e89834. https://doi.org/10.1371/journal.pone.0089834.

Carneiro, B.A.; El-Deiry, W.S. Targeting Apoptosis in Cancer Therapy. Nat. Rev. Clin. Oncol. 2020, 17, 395-417.
https://doi.org/10.1038/s41571-020-0341-y.

Cecere, F.; Iuliano, A.; Albano, F.; Zappelli, C.; Castellano, I.; Grimaldi, P.; Masullo, M.; De Vendittis, E.; Ruocco, M.R.
Diclofenac-Induced Apoptosis in the Neuroblastoma Cell Line SH-SY5Y: Possible Involvement of the Mitochondrial
Superoxide Dismutase. ]. Biomed. Biotechnol. 2010, 2010, 801726. https://doi.org/10.1155/2010/801726.

Gu, C; Zhang, ]J.; Chen, Y.; Lei, ]. A Trigger Model of Apoptosis Induced by Tumor Necrosis Factor Signaling. BMC Syst. Biol.
2011, 5 (Suppl. 1), S13. https://doi.org/10.1186/1752-0509-5-51-S13.

Ostrowski, S.M.; Fisher, D.E. Biology of Melanoma. Hematol. Oncol. Clin. N. Am. 2021, 35, 29-56.
https://doi.org/10.1016/j.hoc.2020.08.010.

Patel, M.; Eckburg, A.; Gantiwala, S.; Hart, Z.; Dein, J.; Lam, K.; Puri, N. Resistance to Molecularly Targeted Therapies in
Melanoma. Cancers 2021, 13, 1115. https://doi.org/10.3390/cancers13051115.

Jara-Gutiérrez, A.; Baladrén, V. The Role of Prostaglandins in Different Types of Cancer. Cells 2021, 10, 1487.
https://doi.org/10.3390/cells10061487.

Wilson, K.S. Cyclooxygenase-2 Inhibition and Regression of Metastatic Melanoma. Melanoma Res. 2006, 16, 465.
https://doi.org/10.1097/01.cmr.0000222606.11298.bf.

Edmondson, R.; Broglie, J.J.; Adcock, A.F.; Yang, L. Three-Dimensional Cell Culture Systems and Their Applications in Drug
Discovery and Cell-Based Biosensors. Assay Drug Dev. Technol. 2014, 12, 207-218. https://doi.org/10.1089/adt.2014.573.

Pinto, B.; Henriques, A.C;; Silva, P.M.A_; Bousbaa, H. Three-Dimensional Spheroids as In Vitro Preclinical Models for Cancer
Research. Pharmaceutics 2020, 12, 1186. https://doi.org/10.3390/pharmaceutics12121186.

Fontoura, J.C.; Viezzer, C.; dos Santos, F.G.; Ligabue, R.A.; Weinlich, R.; Puga, R.D.; Antonow, D.; Severino, P.; Bonorino, C.
Comparison of 2D and 3D Cell Culture Models for Cell Growth, Gene Expression and Drug Resistance. Mater. Sci. Eng. C 2020,
107, 110264. https://doi.org/10.1016/j.msec.2019.110264.

Klemm, F.; Joyce, J.A. Microenvironmental Regulation of Therapeutic Response in Cancer. Trends Cell Bio. 2015, 25, 198-213.
https://doi.org/10.1016/j.tcb.2014.11.006.

Gu, L.; Mooney, D.]. Biomaterials and Emerging Anticancer Therapeutics: Engineering the Microenvironment. Nat. Rev.
Cancer 2016, 16, 56—66. https://doi.org/10.1038/nrc.2015.3.

Nguyen-Ngoc, K.V.; Cheung, K.J.; Brenot, A.; Shamir, E.R.; Gray, R.S.; Hines, W.C.; Yaswen, P.; Werb, Z.; Ewald, A.]. ECM
Microenvironment Regulates Collective Migration and Local Dissemination in Normal and Malignant Mammary Epithelium.
Proc. Natl. Acad. Sci. USA 2012, 109, E2595-E2604. https://doi.org/10.1073/pnas.1212834109.



Life 2023, 13, 1067 17 of 17

59. Beck, J.N.; Singh, A.; Rothenberg, A.R.; Elisseeff, ].H.; Ewald, A.]. The Independent Roles of Mechanical, Structural and
Adhesion Characteristics of 3D Hydrogels on the Regulation of Cancer Invasion and Dissemination. Biomaterials 2013, 34,
9486-9495. https://doi.org/10.1016/j.biomaterials.2013.08.077.

60. Ou, K.-L.; Huang, C.-F.; Lan, W.-C.; Huang, B.-H.; Pan, H.-A.; Shen, Y.-K; Saito, T.; Tsai, H.-Y.; Cho, Y.-C.; Hung, K.-S,; et al.
An Innovative Customized Biomimetic Hydrogel for Drug Screening Application Potential: Biocompatibility and Cell
Invasion Ability. Int. J. Mol. Sci. 2022, 23, 1488. https://doi.org/10.3390/ijms23031488.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



	1. Introduction
	2. Materials and Methods
	2.1. Cell Cultures
	2.2. Cell Viability Assay
	2.3. Colony Formation Assay
	2.4. Measurement of Caspase-3 Activity
	2.5. Wound Healing Assay
	2.6. Generation and Growth of Spheroids
	2.7. Spheroid Migration Assay
	2.8. 3D Hydrogel Invasion Assay
	2.9. Statistical Analysis

	3. Results and Discussion
	3.1. Effect of Celecoxib on Morphology of Melanoma Cells
	3.2. Effect of Celecoxib on Cell Viability of Melanoma Cells
	3.3. Effect of Celecoxib on Motility Capacity of Melanoma Cells
	3.4. Effect of Celecoxib on 3D Melanoma Cell Cultures

	4. Conclusions
	References

