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ABSTRACT: As a first approach, standard 2D cell culture techniques are usually
employed for the screening of drugs and nanomaterials. Despite the easy handling,
findings achieved on 2D cultures are often not efficiently translatable to in vivo
preclinical investigations. Furthermore, although animal models are pivotal in
preclinical studies, more strict directives have been implemented to promote the
use of alternative biological systems. In this context, the development and integration
into preclinical research workflow of 3D neoplasm models is particularly appealing to
promote the advancement and success of therapeutics in clinical trials while reducing
the number of in vivo models. Indeed, 3D tumor models bridge several discrepancies
between 2D cell culture and in vivo models, among which are morphology, polarity,
drug penetration, osmolality, and gene expressions. Here, we comprehensively
describe a robust and high-throughput hanging drop protocol for the production of
3D models of both Human Papillomavirus (HPV)-positive and HPV-negative head
and neck squamous cell carcinomas (HNSCCs). We also report the standard cascade
assays for their characterization and demonstrate their significance in investigations on these aggressive neoplasms. The employment
of relevant 3D cancer models is pivotal to produce more reliable and robust findings in terms of biosafety, theranostic efficacy, and
biokinetics as well as to promote further knowledge on HNSCC pathophysiology.
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■ INTRODUCTION

Head and neck squamous cell carcinomas (HNSCCs) represent
a wide class of aggressive neoplasms with high incidence.1 They
usually involve the area comprising the oral cavity to the
pharynx. HNSCCs are mainly divided in two classes, depending
on the presence or absence of Human Papillomavirus (HPV)
infection in cells.2 Indeed, the sensitivity to treatments is strictly
dependent on the presence of the virus in which HPV-positive
patients are typically more sensitive to standard therapies with
respect to the HPV-negative ones.3 Despite the associated
severe systemic toxicities and suboptimal efficacy, the principal
noninvasive treatments for HNSCCs are still radiotherapy and
cisplatin-based chemotherapy.4 In this context, some synergistic
nanotherapeutics are especially significant to advance the
standard of care.5 In general, two-dimensional cell cultures
(monolayer of cells) are the most employed systems for first-
stage investigations on the safety and efficacy of therapeutics.6,7

The usual protocols consist of cell seeding in appropriate plastic
or glass supports together with a medium that promotes cell
growth and maintenance. Two-dimensional (2D) cell cultures
offer several advantages. For example, they are cheap, well-
established, and user-friendly.8 However, monolayer cultures do
not fully mimic in vivo conditions, and they are biased by the
culture settings (such as artificial cell-surface interactions),

limiting the reliability of novel treatment evaluation as well as
pharmacokinetics investigations.9 Thus, accessible models that
can better represent tumors are instrumental for the progress of
preclinical oncological investigations.10,11 In this regard, three-
dimensional (3D) cancer models are of particular interest to
bridge the gap between in vitro and in vivo assessments.12

Indeed, they are more complex than cell monolayers, closer
resemble the neoplasms’ behaviors, among which are the cell-to-
cell and cell-to-matrix interactions as well as the different
pathophysiological gradients.13,14 Moreover, the development
of customized 3D neoplasm models is in agreement with the
3R’s concept and the rationalization of animal employment in
research.15 Among the 3D cancer models, multicellular tumor
spheroids are especially appealing due to the availability of
various preparation methods (Figure 1),7 making these models
readily accessible (Figure 1).16 These techniques usually exploit
the presence of scaffolds that induce individual cells to form a
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three-dimensional aggregate (e.g., scaffold-based culture and
microbeads). However, scaffold-free methods (e.g., suspension
culture, ultralow attachment plates, hanging drop, and micro-
technology platforms) are preferred when high numbers of
spheroids are needed. Among the production protocols, the
hanging dropmethod can easily be applied to a wide range of cell
lines, and the efficiency of spheroid formation relies on the
inherent ability of the cells to self-aggregate.17 In particular, it
shows several advantages: (i) a simple setup, (ii) wide range of
applications, and (iii) high reproducibility of spheroids with a
narrow size distribution.
In this work, we report a standard protocol for the production

of reliable spheroids of two HNSCCs cell lines, SCC-25 and
UPCI:SCC-154, using a modified hanging drop method
coupled with an orbital shaking procedure. This technique
involves the formation of cell aggregates starting from a cell
suspension that is dispensed as drops on the lid of a Petri dish,
followed by the formation of the tridimensional structure from
aggregates in an incubator with an orbital shaker. The protocol
allows a massive production of reproducible multicellular tumor
spheroids of these two particular cell lines.18 SCC-25 and
UPCI:SCC-154 are, respectively, HPV-negative and HPV-

positive squamous cell carcinomas. The 3D cultures of these
cell lines represent good models to study oral malignancies,
including the identification and evaluation of new therapies for
the management of HNSCCs.19,20 Moreover, some standard
characterization assays, for the evaluation of the quality of the
spheroids, among which optical microscopy techniques and
transmission electron microscopy (TEM), are reported and
comprehensively described.

■ MATERIALS
Reagents.

• Cell membrane marker (CellMask Green Plasma Membrane
Stain, Thermo Fischer Scientific, C37608)

• Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
31053028)

• DMEM/Ham’s F12 1:1 medium (DMEM/F12 Gibco,
21041025)

• Fetal bovine serum, qualified, heat inactivated (FBS, Thermo
Fisher Scientific, 10500064)

• Epoxy resin (Epon 812, Electron Microscopy Science, Hatfield,
PA, USA)

• L-Glutamine (Thermo Fisher Scientific, A2916801)
• Glutaraldehyde 25% water solution (Electron Microscopy

Science, Hatfield, PA, USA)
• HNSCC cell lines, SCC-25 and UPCI:SCC-154 (American

Type Culture Collection, ATCC)
• Hydrocortisone (Sigma-Aldrich, H0888)
• Hoechst 33342 (Thermo Fisher Scientific, H3570)
• Sodium cacodylate trihydrate buffer (Sigma-Aldrich, C4945)
• Standard nanoarchitectures (NAs) conjugated with Alexa Fluor-

647 fluorophore
• OsO4 4% water solution (Electron Microscopy Science,

Hatfield, PA, USA)
• Potassium ferricyanide(III), K3Fe(CN)6 (Sigma-Aldrich,

702587)
• Homemade staining solution (patent no. WO2019021201A1)
• Penicillin−streptomycin (Pen/Strep 100×, 5000 U/mL)

(Thermo Fisher Scientific, 15070063)
• Phosphate-buffered saline without calcium and magnesium

(PBS, Sigma-Aldrich, D8537)
• Trypsin-EDTA (0.5%), phenol red (Thermo Fisher Scientific,

25300054)
• Water, double distilled and autoclaved.
• General: pipet tips, centrifuge tubes, conical tubes, cell culture

plates or flasks, serological pipettes, chambered coverglass for
confocal imaging (e.g., Lab-Tek 8-well chamber, Thermo Fisher
155411).

Equipment.

Figure 1. General scheme of the common techniques for spheroids
production.

Figure 2. General scheme for spheroids production with the hanging drop method.
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• Cell counter (Invitrogen Countess cell counter)
• Optical microscope
• Confocal microscope (Olympus FV1000)
• Ultramicrotome (UC7-Leica Microsystems, Vienna, Austria)
• Heater (working at 60 °C)
• Diamond knife 35° (DiATOME, Hatfield, PA, USA)
• Transmission Electron Microscope (TEM, ZEISS Libra 120

PLUS)
• Standard and orbital incubators (IncuSafe CO2 incubators,

Panasonic, 37 °C and 5% CO2)
• General: pipettors, incubators, BSL2-rated biosafety cabinet,

centrifuges

■ METHOD
Overview.

Step 1. Preparation of cell suspensions.
Step 2. Preparation of drops to form cell aggregates.
Step 3. Drops transfer and spheroids formation.
Step 4. Spheroids recovery and preparation for employment.
Step 5. Characterization of spheroids and data analysis.

1. Preparation of Cell Suspensions. The general scheme of the
entire process is shown in Figure 2. Monolayer cell cultures have been
established using previously described standard methods briefly
reported below.21,22

1.1 For subculturing, SCC-25 cells were maintained in DMEM/F12
1:1 medium containing 1.2 g/L sodium bicarbonate, 2.5 mM L-
glutamine, 15 mM HEPES, and 0.5 mM sodium pyruvate and
supplemented with 400 ng/mL hydrocortisone. UPCI:SCC-154
cells were maintained in DMEM (high glucose: 4.5 g/L)
containing 4 mM of L-glutamine. Both media were supple-
mented with Pen/Strep (final concentration 1×) and 10% FBS.
Cells were plated in 100 mm tissue culture-treated dish,
maintained in the static incubator at 37 °C and 5% of CO2, and
split when 80−90% confluence was reached (every 3−4 days).

1.2 Cell suspensions of each cell line were prepared as described in
the following. Medium was removed from the plate, and cells
were washed with 5−10 mL of PBS to remove any serum
residues. Then, cells were incubated with 2−3 mL of Trypsin-
EDTA for 5−15 min and completely detached from the plate.
Cells were diluted with 5 mL of medium, collected in a 15 mL
conical tube, and centrifuged for 5 min at 1200 rpm. Then the
medium was carefully removed, and cell pellet was resuspended
with 3−5 mL of fresh medium. Note: The volume of medium
may vary depending on the number of the cells. As an
approximation, the bigger the pellet, the higher the amount of
medium needed to resuspend the cells. Do not use more than 5
mL of medium to be sure to have the right concentration of cells
for the next step.

1.3 Cells were counted using a cell counter system, and the
concentration was adjusted to 1 × 106 cells/mL.

2. Preparation of Drops to FormCell Aggregates.The formation of
cell aggregates is the fundamental step to obtain optimal spheroids for
subsequent experiments. The geometry and the final size of the
spheroids strongly depend on the production and volume of the drops,
as well as incubation time to allow the establishment of compact
aggregates (Figure 3A).

The following procedure has been standardized for the preparation
of SCC-25 andUPCI:SCC-154 spheroids with a diameter ranging from
200 to 400 μm by adapting other protocols.18

2.1 Standard plastic plates, without treatments for cell culture, can
be used to produced drops. Here, we used 100 mm plate, and 10
mL of PBS was added to maintain the right humidity and avoid
the dehydration of the drops.

2.2 The lid of the plate was flipped, and each cell suspension
containing 1 × 106 cells/mL was well mixed with a pipet. Note
that the cell suspension density is important for the success of
the protocol. Then, we placed drops on the lid of the plate
(Figure 3A). We used 10 and 20 μL of cell suspension for each
drop of SCC-25 and UPCI:SCC-154, respectively. Note: the
drops should be far enough apart to prevent any contact.

2.3 When the surface of the lid is completely covered by drops
(Figure 3A), we flipped it carefully and put it on the plate and
then in a static incubator at 37 °C and 5% of CO2 until compact
sheets were formed. For SCC-25 and UPCI:SCC-154, the
process is 3 days long.

3. Drop Transfer and Spheroid Formation. After 3 days of static
incubation, the compact aggregates are formed inside drops. Thus, they
have to be transferred to a shaker in order to form the final
tridimensional structure (Figure 3B).

3.1. Prepare a new 100 mm plates not treated for cell culture to
prevent the attachment of sheets to the bottom of the plate once
transferred.

3.2. Add 10 mL of fresh medium to the plate.
3.3. Carefully wash the lid containing drops with medium and move

down the sheets inside the new plate with fresh medium. Note:
sometimes during washing, the aggregates remain attached to
the lid and do not fall into the new plate. They can be recovered
by resuspending them using a pipet with some medium. This
step must be done carefully to avoid aggregates disruption.

3.4. Place aggregates in an incubator with an orbital shaking stage for
24 h at 37 °C and 5% of CO2. Maintain the rotational speed
between 60 and 80 rpm. Note: In general, the optimal speed for
SCC-25 and UPCI:SCC-154 is 70 rpm.

4. Spheroid Recovery and Preparation for Employment. After 24 h
incubation, spheroids should be ready to be recovered and
characterized or employed for specific experiments. Here, we report
how to manage spheroids for standard characterization and for the
evaluation of nanomaterials.

4.1. Recover spheroids from the incubator with orbital shaker. If they
are well-formed it is possible to observe them with the naked eye

Figure 3. (A) Example of SCC-25 aggregates formed after 3 days of incubation in drops. (B) Spheroids of UPCI:SCC-154 cells after 24 h of shaking in
the orbital incubator.
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(Figure 3B). Note: Spheroids can also be checked using an
optical microscope (Figure 4).

4.2. Spheroids of SCC-25 and UPCI:SCC-154 are stable and can be
easily taken using a pipet with a 1mL tip. Note: Spheroids bigger
than 600 μm can get stuck at the top of the tip. In this case, you
can cut the tip with sterilized scissors and easily recover
spheroids without damaging them.

4.3. Transfer spheroids (the number of spheroids per tube is
dependent on the experiment that you have to perform; in these
cases, 3−5 spheroids are enough) to a 1.5 mL tube and treat
them by following your specific experimental protocol. Here, we
reported two types of experiments: (i) a TEM characterization
and (ii) a confocal microscopy imaging for qualitative
nanoparticle internalization evaluation. In the first one, samples
from both cell lines were fixed using glutaraldehyde solution
dissolved in sodium cacodylate buffer (0.1 M pH 7.4) at a final
concentration of 1.5% v/v for 1 h at room temperature and then
treated for a conventional embedding protocol.23 Recovered
spheroids were kept in a new fixative solution overnight at 4 °C.
Then, the samples were postfixed for 1 h (1% OsO4 plus 1%
K3Fe(CN)6 in sodium cacodylate buffer; 0.1 M pH 7.4) and
stained with our homemade staining solution.24 Finally, the
spheroids were dehydrated in ethanol gradient and embedded in
epoxy resin. Polymerization of the resin was carried out for 48 h
at 60 °C. Then, 90 nm sections were obtained with UC7
ultramicrotome (Leica Microsystems, Vienna, Austria) equip-
ped with a 35° diamond knife (DiATOME Hatfield, PA, USA)
and collected on 300 mesh copper grids (Electron Microscopy
Science, Hatfield, PA, USA). Sections were finally analyzed by
TEM. Note: Spheroids usually maintain their structure and can
be easily manipulated. For example, after the treatments, they
can be washed several times with PBS without losing their
features. In the second experiment, we treated the spheroids
with gold nanoarchitectures produced as described else-
where.25,26 Spheroids were incubated with nanoparticles for 2
h at 37 °C and 5% of CO2 in a static incubator. Then, nuclei
(Hoechst 33342) and cell membrane markers (CellMask Green
Plasma Membrane) were added to the solutions and incubated
for a further 20 min. Then, spheroids were washed twice with
PBS and analyzed by confocal microscopy. To reduce the
movement of spheroids during the imaging acquisition, they
were resuspended in a solution 1:1 v/v of pure FBS and glycerol.

5. Characterization of Spheroids and Data Analysis.

5.1. Slices of spheroids were analyzed by means of TEM. The TEM
observations of the grids were performedwith a ZEISS Libra 120
PLUS operating at 120 kV and equipped with an in-column

Omega filter. Images were analyzed using Fiji-ImageJ software
version 1.51s.

5.2. Confocal analysis was performed with Olympus FV1000
inverted confocal laser scanning microscope equipped with a
thermostat chamber set at 37 °C and 5% CO2. The lasers for
excitation were 405, 488, and 633 nm. All images were analyzed
using Fiji-ImageJ software version 1.51s.

■ TIMING

Step 1. Preparation of cell suspensions
• Subculturing = 3−4 days until 80−90% of cell

confluency
• Cell suspension and counting = 30 min

Step 2. Make drops to form cell aggregates
• Drops preparation = 30 min

Step 3. Transfer drops and induction of spheroids formation
• Transfer = 10 min
• Incubation = 24 h

Step 4. Spheroid recovery and preparation for employment
• Collection of spheroids = 10 min
• Treatments = depending on the employment. For

TEM characterization, 3 days for sample prepara-
tion and 2 days of polymerization in resin. For
confocal evaluation, 1−2 h.

Step 5. Characterization of spheroids and data analysis
• TEM analysis = 2−8 h for images collection and

2−6 h for analysis
• Confocal analysis = 2−8 h for images collection

and 2−6 h for analysis

■ TROUBLESHOOTING

Step 1. Cells in suspensions may settle and form agglomerates
that cause the formation of nonhomogeneous spheroids.
The whole solution can be aliquoted into several 1.5 mL
tubes and occasionally mixed.

Step 2. Flipping the lid can cause the movement and spread of
the drops. Be careful in turning the lid; the movement
should be done firmly but not too fast or too slow. This is
also why it is suggested that the drops are between 10
and 20 μL. Also, the transfer from the hood to the
incubator can cause drops to mix if plates are not

Figure 4. Optical images of SCC-25 and UPCI:SCC-154 spheroids after 24 h orbital shaking. Scale bar: 100 μm.
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carefully managed. Sheet formation is strictly dependent
on cells; if the sheets are not well-formed after 3 days, try
to incubate them for another maximum 24 h and then
transfer spheroids or discard them.

Step 3. Sometimes, spheroids may aggregate in the shaker.
Maintain a rotating speed ≥70 rpm to avoid this
problem.

Step 4. Each cell line possesses different features, and the
spheroids obtained from them can show different cell
density and consequently different handling. For each
cell line, it is necessary to find the best conditions for the
production and handling of the spheroids. If the

spheroids move too much during the acquisition under
the confocal microscope, special gels can be used. For
example, CyGEL (CY10500, Biostatus) is a novel
thermoreversible gel that is compatible with live cells
and organisms. It can be used to immobilize spheroids by
simple warming at 37 °Cdirectly under themicroscope if
supplied with a thermostated chamber.

■ ANTICIPATED RESULTS
The composition of tumor spheroids is fundamental for both the
screening of new therapeutics and the basic research on
molecular mechanisms that guide tumor growth. On this regard,

Figure 5. Ultrastructural analysis of SCC-25 and UPCI:SCC-154. (A) Sections of SCC-25 spheroids embedded in the resin and visualized with an
optical microscope. (B) Sections of SCC-25 spheroids on copper grids visualized by a transmission electron microscope at low magnification mode.
(C) Ultrastructural analysis of 2D and 3D culture of SCC-25 and UPCI:SCC-154. Arrows indicate pools of the virus inside UPCI:SCC-154 cells (left
column) and tight junctions in SCC-25 (right column).

ACS Biomaterials Science & Engineering pubs.acs.org/journal/abseba Methods/Protocols

https://dx.doi.org/10.1021/acsbiomaterials.0c00617
ACS Biomater. Sci. Eng. 2020, 6, 4862−4869

4866

https://pubs.acs.org/doi/10.1021/acsbiomaterials.0c00617?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsbiomaterials.0c00617?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsbiomaterials.0c00617?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsbiomaterials.0c00617?fig=fig5&ref=pdf
pubs.acs.org/journal/abseba?ref=pdf
https://dx.doi.org/10.1021/acsbiomaterials.0c00617?ref=pdf


the reproducibility of their production is a key criterion that has
been evaluated by assessing the size of different batches of
spheroids produced at different times. We obtained an average
diameter of 240.8 ± 13.3 and 199.6 ± 10.8 μm for SCC-25 and
UPCI:SCC-154, respectively. As also shown in Figures 3 and 4,
spheroids obtained from both cell lines have a uniform and
spherical shape due to the orbital shaking. Ultrastructural
analysis of three-dimensional spheroids leads to the identi-
fication of morphological details that could bemaintained or lost
with respect to the monolayer cell cultures.27 In the following,
the standard protocol for inclusion of spheroids in an
appropriate resin is reported together with the TEM analysis
(Figure 5). We showed the entire analysis process starting from
the cutting of samples embedded inside the resin (Figure 5A).
This first step is crucial to understand the quality of the samples,
and it allows one to perform a first screening to identify
particular areas of interest that can be further analyzed in detail.
Then sample slices were placed on a copper grid for TEM

analysis (Figure 5B). For each cell line, we compared cells in 2D
or 3D culture conditions (Figure 5C). In the SCC-25 cell line,
we found a high number of tight junctions between cells that are
also present in the corresponding three-dimensional structures
(arrows in the right column). In UPCI:SCC-154 cells, we were
able to identify the presence of the virus in the cytosol (arrows in
the left column).
In recent years, nanoparticles gained increasing attention as

suitable tools for the diagnosis and treatment of neoplasms.28

Indeed, they have demonstrated some advantages in theranos-
tics, among which increased drug encapsulation features and
specific site delivery if properly conjugated with targeting
agents.14 However, it is difficult to understand if nanomaterials
are able to be effectively internalized in depth in a tumor by only
using 2D cell cultures. In this regard, 3D spheroids resemble
neoplasms and their extracellular environment and allow a more
effective investigation on the behaviors of nanotherapeutics and
their activity. Here, we showed the treatment of spheroids with

Figure 6.Nanoparticles internalization in cells. Dye-labeled nanoarchitectures (NAs-647; containing 3 μg of gold) were used to treat (A) SCC-25 and
(B) UPCI:SCC-154 cell lines, and internalization was evaluated by confocal microscopy. From the left to the right column: Nuclei (blue), cell
membranes (green), NAs-647 (red), superimposition of nuclei, membranes and nanoparticles, and finally superimposition of all channels with bright
field. Scale bar: 100 μm.

Figure 7. Orthogonal view of nanoparticles inside spheroids. Z-stack analysis was performed for (A) SCC-25 and (B) UPCI:SCC-154 spheroids to
analyze nanoparticles penetration inside 3D structures. Blue, nuclei; green, cell membranes; red, NAs. Scale bar: 100 μm.
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dye-labeled gold nanoarchitectures developed by us using an
ultrasmall-in-nano approach. Briefly, our nanoparticles are
composed of ultrasmall gold seeds (around 3 nm in diameter)
embedded in a polymer matrix that is surrounded by a silica
shell.29 These (bio)degradable/excretable nanoarchitectures
(NAs) have been employed for the delivery of drugs,
development of combined therapies, and imaging purpo-
ses.30−33 As each cell line has different behaviors, we tested
whether NAs were able to be internalized in the two HNSCC
cell lines composed in the 3D structures. Spheroids were
incubated with NAs previously labeled with the fluorophore
Alexa Fluor 647 (NAs-647), and their internalization was
assessed by confocal microscopy (Figure 6).
Confocal microscopy analyses mainly provide qualitative

information about nanoparticle internalization (Figure 6).
However, by performing z-stack acquisitions, information on
the degree of penetration of nanoparticles inside the spheroids
can be successfully achieved (Figure 7). Remarkably, this
approach is pivotal to understand the diffusion of NAs inside the
3D structures and to anticipate the potential efficacy of the
therapeutic action.

■ SUMMARY
Neoplasms represent one of the main causes of death in the
world, and among them, HNSCCs are one of the most
aggressive.34 In this regard, SCC-25 andUPCI:SCC-154 are two
HNSCC representative cell lines with negative and positive
HPV status, respectively. The pharmacological management of
HNSCCs, especially for SCC-25, is still mainly based on
cisplatin, which causes severe side effects in patients, among
which are nephropathologies and increased risk of heart
attacks.35 Indeed, alternative, noninvasive and more effective
approaches for treating this class of neoplasms are urgently
required. It should also be noted that the neoplasms’ complexity
is further increased by their unique gene expression, which is
peculiar for each cancer and differs from patient to patient as
influenced by the lifestyles and the surrounding environment.36

In this regard, monolayer cell cultures do not sufficiently provide
an effective tool for treatment screening. Three-dimensional
models, instead, better simulate the behaviors and the boundary
conditions of neoplasms, providing reliable platforms for
translational research.37 It is also worth noticing that the
integration of 3D neoplasm models into the preclinical research
workflow will reduce the use of animal models, in agreement
with the 3R’s concept. The hanging drop method is one of the
most appealing techniques to employ for spheroid production.
With respect to other approaches, it allows the production of a
high number of spheroids with similar features and without the
requirement of any special reagent or equipment, making it
particularly suitable for applications such as high-throughput
efficacy experiments. Indeed, a single operator can easily
produce from 50 to 150 spheroids/day with a success rate of
about 70−80%. With the advancement of technological
innovation, this technique may be translated to automated
systems that allow a further reduction of the costs together with
an increased uniformity between spheroids.38,39 Here, we have
described a standard step-by-step protocol for the production of
two HNSCC spheroids by employing the hanging drop method.
Particular precautions on this models arise from the different
SCC-25 and UPCI:SCC-154 growth rates. The resulting 3D
models are stable and do not grow (as opposed to other cell
lines) after the collection for experiments, probably due to the
presence of the surrounding thick layer of the extracellular

matrix (Figures 4 and 5).14 In this regard, it is worth
remembering that this protocol has been optimized for SCC-
25 and UPCI:SCC-154 because of the strong demand of
advancements for the management of head and neck neoplasms.
The translation of our protocol to other cell lines may require
further improvements. Interestingly, the presence of the virus
inside UPCI:SCC-154 has been confirmed by ultrastructure
analysis (Figure 5C). The application of 3D models for the
qualitative assessment of nanomaterial internalization has been
reported (Figure 6). The optical evaluation of nanoarchitecture
distribution is of pivotal importance as the complex structures of
spheroids, comprising the presence of the extracellular matrix
and the cell−cell interactions, can affect the cellular uptake.
In conclusion, we have comprehensively described a protocol

for the high-throughput production of 3D spheroids of two
representative HNSCC cell lines, SCC-25 and UPCI:SCC-154,
in order to provide a platform to enhance advances on their
management. We have also presented two standard assays for
the characterization and preliminary employment. These
models represent an excellent starting point for new treatment
evaluation in oncology.
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Teresiak, A.; Filas, V.; Ibbs, M.; Blizńiak, R.; Łuczewski, Ł.; Lamperska,
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