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Cell cultures are very important for testing materials and drugs, and in the examination of cell biology and special cell
mechanisms. The most popular models of cell culture are two-dimensional (2D) as monolayers, but this does not mimic
the natural cell environment. Cells are mostly deprived of cell-cell and cell-extracellular matrix interactions. A much better
in vitro model is three-dimensional (3D) culture. Because many cell lines have the ability to self-assemble, one 3D
culturing method is to produce spheroids. There are several systems for culturing cells in spheroids, e.g., hanging drop,
scaffolds and hydrogels, and these cultures have their applications in drug and nanoparticles testing, and disease
modeling.
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| 1. Introduction

Cell cultures are very important for testing materials and drugs, and in the examination of cell biology and special cell
mechanisms. The most popular models of cell culture are two-dimensional (2D) as monolayers, but this does not mimic
the natural cell environment. Cells are mostly deprived of cell-cell and cell-extracellular matrix interactions. A much better
in vitro model is three-dimensional (3D) culture. Because many cell lines have the ability to self-assemble, one 3D
culturing method is to produce spheroids. There are several systems for culturing cells in spheroids, e.g., hanging drop,
scaffolds and hydrogels, and these cultures have their applications in drug and nanoparticles testing, and disease
modeling.

Cells have been cultured since the 1940s W, and are generally in use to examine cell biology and molecular mechanisms
[, Cells are taken directly from a tissue and, after suitable preparation, transferred into an artificial environment or they
are obtained from a cell line already adopted by others. Cells grow in a medium containing the required nutrients, growth
factors, and hormones, in an incubator. Cultures are kept in special dishes placed in strictly controlled temperature
conditions, normally a 37°C Bl Cells are attached to a flat surface as a substrate, glass or plastic, mainly in two
dimensions, as monolayers. This method of cell culturing is most popular because it is simple and convenient; it has been
an invaluable method providing important knowledge as models of variety diseases =, However, forcing cells to grow on
flat surfaces can change their metabolism and functioning 4.,

In 2D cell cultures, the cell-cell and cell-extracellular matrix interactions are reduced, and the level of cellular
responsiveness is limited 28], Moreover, cell culture environment can have an effect on the phenotype of cells and hence
affect the cellular response to added substances, e.g., drugs &. All cells in the body live in 3D environment, which is
crucial for their metabolism and growth. The phenotype and functions of each cell are highly dependent on elaborated
interactions with neighboring cells, the extracellular matrix (ECM) and proteins €. Those cell-cell and cell-ECM
interactions differ from 2D to 3D cultures and also between cell layers in spheroids structures, and this can affect
cytotoxicity results . For these reasons, testing the toxicity of materials and substances on 2D cell cultures is not exactly
predictive of that which might be expected in the body 8. 3D cell cultures more precisely mimic the natural cell
microenvironment. The morphology and physiology of cells in 3D cultures are different from cells in 2D cultures, showing
responses that correspond in some ways more like in vivo behavior [, In 2D models, molecules can be secreted into the
culture medium, and, therefore, changing the medium will remove these substances and might disturb some analysis. For
example, in 2D models of Alzheimer disease, removing the medium will mean that secreted amyloid beta (AR) is
discarded and, therefore, change the analysis of A} aggregation. 3D cell cultures can limit the diffusion of AR into the
culture medium &I,



| 2. Applications of 3D Cell Cultures
2.1. Drug Testing and Nanoparticles Examination
2.1.1. Drug Testing

A generation of hew cancer drugs is based on three approaches, referred to as: (i) high throughput drug screening (HTS),
(ii) expansion of analogs of existing drugs, and (iii) rational drug design. These involve assays based on measuring cell
viability, proliferation, and clonogenicity in an in vitro environment &. Cell cultures help assess drug safety and indicate
their possible mechanism of action. Test substances are added to the culture medium and their activity investigated £,
Presently, 2D cell cultures remain very useful in drug investigation. However, as already mentioned, 2D models do not
mimic well the physiological environment of living cells 2. For instance, cells of the colon cancer cell line, HCT-116 wt,
cultured as spheroids were more resistant to some of the tested drugs compared with them cultured as a monolayer 2112,

Cells grown in 3D cultures can be maintained longer than as 2D monolayers. The 3D aggregates can be kept for 4 weeks,
whereas cells in 2D cultures last approximately 1 week before reaching confluence. For this reason, 3D cell cultures make
a better model for studying long-term effects of drugs. Tumor cells in a monolayer proliferate faster than in 3D aggregates
and are more sensitive to agents used during chemotherapy or radiation therapy 3.

2.1.2. Nanoparticle Examination

Testing of nanomaterials and their effects on cells is important because of possible therapeutic application. Nanomaterials
are considered as safe gene carriers in gene therapy. Gene therapy is a potential method for fighting diseases, such as
cancer, when traditional treatment is poor (a3,

Because of the lack of the nanoparticle (NP) transport through cell layers in 2D cell cultures, 3D cell culture offers a better
model. Techniques used for testing nanoparticle toxicity are the same as the methods for drug examination, although the
toxic mechanism can be different (€. Lee et al. (2009) have introduced 3D spheroid-culture-based NP toxicity testing
system (Figure 1) using human hepatocarcinoma (HepGZ2) cells, because the liver is the main organ for NP accumulation.
As a substrate, they used transparent and nonadhesive polyacrylamide hydrogel to measure the toxic effects of cadmium
telluride (CdTe) and gold (Au) nanoparticles. Morphology, metabolic activity, membrane activity, and mechanism of cell
death were explored, comparing the results from 3D cultures with those from 2D cultures. Cell number and spheroid
diameter were crucial parameters to get repeatable results. They also showed that the activity of a spheroid depends on
its size. They found significant differences between the morphology of cells in 2D and 3D cell cultures after treatment with
CdTeNPs, with more death in 2D than in 3D cultures. Cell toxicity assays also confirmed that the toxic effects of NPs were
reduced in 3D compared to 2D cultures (6],
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Figure 1. Model of hydrogel inverted colloidal crystal (ICC) scaffold [6].
2.2. Models for Neurodegenerative Diseases

The 3D cell cultures are widely used in medical studies &, e.g., research on neurodegenerative diseases 14!,
2.2.1. Alzheimer Disease

The most widespread neurodegenerative disease in the world is Alzheimer Disease (AD), for which there is no effective
therapy, only some symptomatic treatment 1316l |t is characterized by a progressive cognitive decline and involves
memory deterioration. Orientation, judgments, and reasoning are also disturbed 2. There are two characteristic features
of AD, namely plaques of R-amyloid and neurofibrillary tangles of tau protein 141818 AR js generated from amyloid
precursor protein (APP) during the process caused by two enzymes, B-secretase and y-secretase 12, The hypothesis that
AR accumulation is the initial event in AD, leading to the next pathological events is called the “amyloid cascade
hypothesis” 19,

Transgenic mice have now been used as models for studies on AD, but unfortunately, they do not exhibit important
features occurring in humans 8. Additional phenotypes of mice can also occur, which are not related to AD 29, For these
reasons, therapies for AD that are effective in mouse models probably do not work on humans 18211 |n transgenic mice,



there is also no amyloid cascade 1922 According to Choi et al. (2016) the Matrigel-based 3D cell culture system is a
more appropriate model for AD testing as AR plaques are present, and these are not present in the mouse model 1€,

SH-SY5Y is a neuronal-like cell line that is artificially differentiated to neural cells. This cell line came from the bone
marrow of a patient with neuroblastoma 241, Characteristic features of the cells are activities of dopamine-R-hydroxylase
and tyrosine hydroxylase, some level of noradrenaline (NA) release, and the presence of choline acetyltransferase,
acetylcholinesterase, and butyrylcholinesterase 23], Seidel et al. (2012) used spheroids of human neuroblastoma cell line
(SH-SY5Y) which overexpress EGFP-fused tau as a model to study the pathologies of tau protein in AD. They obtained 3
variants of SH-SY5Y over expressing tau (ON4R), namely wild type (WT), a variant with single point mutation P301L
(which is used in common) and K280q (which is 4-fold gene mutation in the tau protein gene DK280, P301L, V337M,
R406W), which was used to enhance tauopathy. Generally, differentiation of SHSY5Y cells took place by using several
agents, e.g., phorbol esters and retinoic acid, growth factors (like brain derived neurotrophic factor, BDNF), nerve growth
factor (NGF) or cholesterol 24 However, differentiation agents influence cell metabolism and could probably affect the
induction of tauopathy. The 3D cell cultures might help in eliminating the problem with differentiation agents 23,

2.2.2. Parkinson Disease

Parkinson disease (PD) is a neurodegenerative illness characterized by a loss of cells in the substantia nigra in the
midbrain. The loss of these dopaminergic neurons is related to motor dysfunction 28271 resting tremors, bradykinesia,
postural instability and rigidity 2829 There is no representative in vitro model to study this neurodegenerative
dysfunction. Animal models are not sufficient to predict responses occurring in humans 28, Since there is the possibility of
obtaining most major cell types from the human brain during differentiating induced-pluripotent stem cells—iPSCs B9, this
research model seems to show promise as an accurate human model for PD [26],

Moreno et al. (2015) obtained human neuroepithelial cells from iPSCs and finally differentiated them as receiving
dopaminergic neurons, cultured within 3D microfluidic cell culture bioreactors. After 30 days, those neurons had
characteristic features of dopaminergic neurons and were active B, The 3D culture bioreactors were described by
Trietsch et al. (2013), who proposed a platform that mimics tissue and perfusion excluding spatial separation 21,
Neighboring lanes of gels and liquids reproduced tissue heterogeneity. A single bioreactor is made from a row of cells
settled in hydrogel, and one or more neighboring lanes of liquid flowing laminarly. To shape liquids flowing into the
bioreactor, each pair of lanes is separated using a phaseguide. Phaseguide technology makes it possible to control the
filling and emptying of a range of types of microfluidic constructions [3l34]. Cells are mixed with replacement ECM, which
is subsequently distributed into a well plugged to the phaseguide delimited lane. Finally, the fresh portion of medium is
added to the well, which is combined with the medium lane neighboring with cells in hydrogel B1. Moreno et al. (2015)
confirmed that using this technique allows them to obtain dopaminergic neurons and proved its usefulness in calcium
imaging and immunofluorescence. Moreover, analysis of 3D images showed neurons with long neurites 311,
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