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Abstract: The field of 3D cell culture and its applications is rooted in the understanding of cell
biology, tissue engineering, tissue morphology, disease mechanisms, and drug action. For many
years, traditional 2D cell culture systems have been widely used but have proven to be limited in their
ability to accurately replicate the complex microenvironment of tissues. This often results in issues
with cell proliferation, aggregation, and differentiation. 3D cell culture systems have emerged as a
solution to this problem and have demonstrated a more accurate simulation of in vivo physiology.
This has had a major impact on drug discovery and includes the use of spheroids, organoids, scaffolds,
hydrogels, and organs. This review has addressed fundamental questions and exploited utility in 3D
in vitro mode of cell culture in view of therapeutics.
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1. Introduction

Most of the published literature on cell-based processes has been designed in
two-dimensional (2D) conditions on substances like polystyrene and glass. However,
under unrealistic conditions, these conventional cell monolayer cultures do not meet the
essential physiology of real tissues, although, they tend to modify the tissue-specific archi-
tecture (such as forced polarity, flat cell shape, and cell-to-cell communication- mechanical
biochemical signals [1]). Holding certain drawbacks, 2D cultures remain very attractive for
laboratory purposes for easy use and low cost.

In most major experiments or in vitro, the advancement was performed on animal
models which creates pain for the animals under certain conditions. Although many obser-
vations have compromised immune systems which do not offer the same stroma—tumor
interactions as humans, preventing efficient translation for clinical settings has been novel
in research. Therefore, major edge-cutting remains at 8% in concordance between animal
models and clinical trials [2,3]. Consequently, switching from 2D to 3D cultures has been
motivated in order to fill the complexities of cellular models in tumor biology.

The 3D model offers a useful hypothetical model for studying cells as it eliminates
many of the species differences found in human models. With the rise in the optimization
of 3D, the scientific community has drawn a special interest in mimicking the microenviron-
ment of tumor tissue. Moreover, tumor interaction areas have gained a place during the last
decade. By 2016, the topic of 3D cell culture had been widely explored and there were over
1000 publications covering various aspects of the field. The current recent provides a brief
distinction between the various types of cell cultures and their minimal properties. Table 1
represents the Brief differentiation between types of cell cultures with minimal properties.
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Table 1. Brief differentiation between types of cell cultures with minimal properties.

Property 2D 2.5D 3D
Culture Matrix Flat, inert A cur.ved. surface, Ste{reosc.opic,
bioactive in nature bioactive
Cell Polarity No yes yes
Blolo.glcal. factor Fast, Passive Fast, Passive Slow, active
diffusion
Static with the partial
connection between Dynamic, Dynamic, Reflects the
Microenvironment cells, interconnected cells interaction between
Imperfect observed in the 2D cells, cells + ECM,
physiological microenvironment cells, and tissues
functions

In this review, we have examined the fundamentals of cell cultures and their
three-dimensional (3D) counterparts, including spheroids and organoids, focusing on
their distinctive features and the methods used to cultivate them. We have also explored
how these 3D models can accurately mimic the native tissue architecture and their potential
uses in drug development and disease modeling. Additionally, we have deciphered the
prospects and challenges associated with the applications of 3D cell cultures in therapeutics.

2. Models of 3D Culture

Cell cultures have been performed using three dimensions models such as spheroids,
and organoids utilizing various cultured techniques. The 3D cell culture units possess
similarities to the original tumor tissue with wide advantages in both basic and clinical
research. Subsequently, organoids prepared from a sample (patient tissue) of several chemo,
radio, and immune therapies have shown incredible promise for personalized medicine.
Handling techniques in the development of 3D cell culture models have occupied the gap
between conventional cell cultures and animal models. Spheroids possess structurally
lower complexity than popular models of drug screening [4]. In this context, Organoids and
Spheroids have been established with discrete purposes and various protocols. The table
below represents various features. Table 2 represents the characteristic features between
Spheroids and Organoids.

Table 2. Representation of different characteristic features of Spheroids and Organoids.

Characteristics Spheroids Organoids

. L Embryonic and adult stem cells,
Primary cell lines in tumors,

Source . . or induced pluripotent cells,
multicellular mixtures .
tumor cells, and tissues
To respond to physical and
Cell-cell in self-assembly, aggregation,  chemical cues in forming complex
Organization(3D) and adhesion. In vivo models as structures, organoids undergo
self-organization self-organization and
self-assembly
Thls shows various layers of Diversified cell lineages that
Organs proliferation in heterogeneous cells- .
; S ; reflect the structure and function
Physiology necrotic tissues resembling 3D cellular
N of the organ
organization
. Input as extracellular matrix
culture Extracellular matrix presence or alone with a cocktail of
conditions(3D) absence of growth factors. &

growth factors

3. 3D Cell Culture Techniques

The aggregated spheroids grow in various modes and are summed up in the table
describing their advantages and disadvantages. The categories in Figure 1 are listed below.
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surface
method

Hanging drop
method
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Hydrogel
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Leviation and
Bio-Printing

Microfluidic
method

Figure 1. 3D Cell Culture Techniques.
3.1. Hanging Drop Method

This method of studying bacteria in a controlled environment is a scaffold-free one
that uses PBS as the medium. Cell suspensions are dropped onto a petri dish lid, where
they aggregate due to surface tension and form spheroids [5,6] avoiding dehydration.
A liquid-filled tray is kept at the bottom to maintain moisture and prevent drying out.
Researchers have discovered that 50 uL is not enough to keep the cells attached, but the
method has improved, allowing for the creation of more spheroids per plate. However,
there is still a challenge in maintaining the stability of the spheroids, as any change in the
medium can result in their disruption [7-9].

Different cell lines are thought to produce one spheroid per drop by a simple and
consistent method [10]. HDPs were manipulated using liquid handling robots. The screen-
ing via a high throughput method opens a new door for replicating 3D in-vivo over a
large set of drugs on distinct cell lines [10]. Thus, cell communications between cell-cell
and cell-ECM can be maintained. Consequently, this approach promotes uniformly sized
spheroids (mono and co-cultures). Moreover, spheroids can be cultured for several weeks
for complex experiments within the droplet array.

3.2. Formation of Spontaneous Spheroid: Non-Adherent Surface Approaches

Sutherland et al. have recreated a 3D in-vitro system to exploit tumor cell response
in radiotherapy. Substances such as agar or (poly-2 hydroxyethyl methyl acrylate)- poly-
HEMA avert few cells to associate thus forming spheroids by adhering to the surface [10,11].
Subsequently, this method was developed further by Ivasku collaborators in 2006, from
both cancerous and noncancerous cells with round and conical 96 well-bottomed plates [12].
These plates were coated with 0.5% poly-HEMA and dried for 2-3 days before the addition
of cells. Nonetheless, the addition of about 2.5% redeveloped basement membrane formed
the compact 3D spheroids to the suspensions upon 24h of centrifugation.

Precoated plates with characteristic features such as a neutral or a hydrophilic bottom,
were formed into 3D spheroids upon suspension. Moreover, the coating formed over the
process makes it a stable and non-degradable substance. The intrinsic factors such as
dimensions, and composition along with the formation of small numbers of spheroids
remain challenging. Despite that, it is possible to culture spheroids for extended periods
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and retrieve them after the culture process. Figure 2 listed below has represented techniques.
here are some reasons to utilize 3D cultures.

3D cell culture
Techniques

O Scaffold based
+» Polymeric hard
scaffolds
+* Biologics
scaffolds
** Micropatterned
Surface
microplates
+* Non-Scaffold
based
+»* Hanging Drop
Microplates
+ Spheroid Microplates
containing Ultralow
attachment(ULA)
coating
*»* Microfluidic 3D cell
cultures

Figure 2. Schematic representation of 3D cell culture technique.

Microenvironment conditions such as hypoxia, and nutrient gradients can be stimulated.
The cellular function can be differentiated.

Two or more different types-cultures can be exhibited.

Better proof diction in vivo responses upon drug treatment.

3D cultures are known to mimic tissue-like structures.

G LD

3.3. Suspension Culture

Cells are suspended in a container either by agitation or by increasing the media
viscosity (carboxymethyl cellulose can be added). The agitation methodology keeps the
container in a gentle and rotary motion. Thus, continuous agitation of cells prevents them
from adhering to the container walls and thus promotes cell-cell interactions. Spinner flasks
and Bioreactors are the apparatuses used in this mode of culture.

3.4. Spinner Flasks

A stirring element works in continuous motion when present in the cell suspension.
The constant motion of culture fluid, nutrients, and O; is transported to spheroids and their
wastes are removed. This production leads to larger yields which tend to easily change the
culture medium.

The process begins by applying shearing force in spinner cells, for the modification of
the physiology of the cell. The screening of drug assays becomes tough while handling a
distinct range of spheroid sizes. Therefore, the use of ultra-low attachment plates of the

appropriate sizes resolves this problem by allowing for their transfer back into spinner
flasks [13].
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3.5. Bioreactors

First created by NASA (National Aeronautics and Space Administration) in 1992,
it was designed to culture cells and tissues during space flight [14]. The availability of
discrete sizes for larger production gets enabled. Applying shearing forces to cells was not
appropriate for bioreactors. Prior steps were followed, unlike using spinners, to choose
spheroids of the same size.

3.6. Scaffold—Based Models: Hydrogels

The behavior of cell-ECM interactions keeps modifying the cellular organization and
cell function during various therapies. Natural hydrogels, including Matrigel, collagen,
alginate, and fibrin, as well as synthetic PEG and semi-synthetic hydrogels, are blended
with synthetic and natural polymers, such as hyaluronan and polypeptides, to function
effectively [15]. Nonetheless, either natural or synthetic hydrogels can be used [16]. The
ideal condition for ECM is to recapitulate a 3D culture model in vivo. Initially, upon
solidification, cells are placed on the top layer of the matrix using liquid hydrogel (matrix),
after which the cells get embedded by gelatin in the matrix. Similarly, in both methods,
cell cultures are coated with hydrogel prior to use. In the first approach, cells are added at
37 °C and agitated to ensure adherence, while in the second approach, cells are incubated
at 37 °C while being surrounded by the hydrogel matrix. Clear differences between natural
and synthetic properties matrices for 3D models are given below (Table 3).

Table 3. Representation of natural and synthetic matrices for the 3D cell model purposes.

Model Natural Synthetic
Biocompatibility High Medium-High
Bioactivity Inherently bioactive Inert state
Cell Modification of ECM Cannot be adjusted Can be adjusted
Endogenous factors Present naturally None
Tunability Low High
Reproducibility Low High
Microenvironment Complex Simple
Batch-batch variations High Low

The reorganization of 3D structures and cell attachment in natural scaffolds using
the substances Matrigel and Collagen provides tensile strength for the functioning of cell
migration, polarization, growth regulation, chemotherapeutic resistance, and adhesion [17].
However, substances are commercialized with mouse tumors of Engelbreth-Holm- Swarm
(EHS). The most abundant fibrous protein is involved in cell migration and chemotaxis
provides tensile strength and regulates cell adhesion [18-21].

This offers cell compatibility, amenability to cell adhesion, and a native viscoelastic
environment. Yet substances such as matrigel, and collagen varies from batch to batch with
low stiffness.

3.7. Magnetic Levitation

Initially, Souza et al. 2010 developed magnetic levitation using gold and magnetic
iron oxide (MIO) nanoparticles. MIO hydrogels were used as a medium for cell growth
of about 80% for about 1-2 days in a filamentous kind of bacteriophage. Treated cells
were trypsinized in an ultra-low attachment plate. After cell aggregation, cells synthesize
proteins, such as collagen, fibronectin, and laminin, that bind to each other [22]. Spheroids
can be incubated for a few days for an ideal study. The speed of spheroid growth is
much higher when compared to other methods such as forming intrinsic ECM, in the size
range of mm; no specific medium is required. Nevertheless, this technique demands the
use of expensive and toxic beads at higher concentrations with a limited number of cells
produced [23].
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3.8. Bioprinting

3D printing emerged over thirty years ago for mass production in varied fields [23].
Current 3D models allowed us to obtain different features in terms of spheroidal structures
with limited vascularization potential, which is critical when studying tumor develop-
ment [24]. This technology has provided numerous technical advancements, including
the promotion of vascularization, the creation of scaffolds that more accurately reflect the
heterogeneity of the tumor microenvironment, and improved 3D in vitro cancer models.
The exploitation of imaging technology (MRI, CT scan, and X-ray) is needed for the rele-
vant information on the structure of tissues and organs [25]. A detailed Table 4 includes
important properties for the different types of bioprinting mentioned below. Figure 3
represents different stages of drug discovery and developmental processes of 3D cell
culture techniques.

Table 4. Representation of current 3D bioprinting techniques used for disease modeling and drug
screening applications.

Parameters Extrusion Bioprinting Stereolithography Laser-Assisted Bioprinting Inkjet Bioprinting
Resolution (um) Moderate High (100) High (50) High (50-300)
Speed Low High Medium High
Cell viability 40-80% >85% >85% >85%
Cell density High (spheroids) High 105107 cells/mL 106-107 cells/mL
Ink viscosity (mPa/s) Up to 6 x 107 No limitation 1-300 3.5-12
Simple. Capable of Nozzle-free technique, Deposition in the solid or Ability to print
Advantages P ;intiﬁ Printing time, liquid phase, High spatial low-viscosity biomaterials,
& pb' gt/ ial Independent model, resolution, No issues with low volumes of solutions,
across bromatenass High accuracy print head clotting and cells required
Disadvantages Applicable for Uv ngilatt:lsetfglcrgztcells, Thermal damage due to Poor functionality for
8 viscous liquids multiple (I:)ells laser irritation vertical structures.
Stepl
gis::::r:::‘s’e““‘ Development process of 3D cell
> Organoids Target culture in drug discovery
T ID ore . .
o Identification(ID) techniques

Step2
HTS
> Spheroids
> Scaffolds
> Hydrogels
> Organoids

Step 3
Efficacy Profiling
> Spheroids
» Organoids
» Organs-on-chip
Toxicity Profiling
» Spheroids
» Organoids
» Organs-on-chip
> Bio-printing
Pharmacokinetics
Pharmacodynamics
> Liver Spheroids
> Liver organoids
> Body on chip

Clinical Studies

Step 4
Regenerative medicine
» Stem cell Spheroids
Transplantation
»> Organoids
> 3D bio-printed tissues/

organs

Precision medicine
> Patient-derived spheroids
> Patient-derived organoids

Preclinical Studies

Figure 3. Representation of different stages of drug discovery and developmental processes of 3D
cell culture techniques.
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3.8.1. The Porosity of the Hydrogel

The movement of nutrients through the process of passive diffusion marks the early
stage of the culture in metabolism. This interconnected network is established through
cross-linking of the hydrogels, allowing for the flow of nutrients. Passive diffusion marks
the initial stage of the culture for metabolism. Likewise, hydrogels promote ideal cell
behavior [26]. The pore size makes the best appropriate cell size along with the target tissue
to promote cell growth in 3D.

3.8.2. Physical Properties of Hydrogel

Mesenchymal stem cells which express bone morphogenic proteins (BMP) that are
meant to transform beta growth factor were a best-suited example. From this, it is concluded
that certain mechanical properties do control the behavior of cells. Therefore, distinct
mechanical properties from distinct sources do affect distinct substrates. This shows
the relationship is directly proportional to the factors of mechanical strength and degree
of cross-linkage.

3.8.3. Biochemical Properties of Hydrogel

Hydrogels show good biocompatibility in contrast to noncytotoxic metabolites. The
molecular chain has varied protein sites (fibronectin, collagen, or laminin) for adherence.
The absence of adhering sites promotes growth in sodium alginate gels. Comparatively,
hydrogels with functional groups can be linked with polypeptides by covalent bonds as
seen in water-soluble drugs. This is improved and put to use for biological activity to
regulate cell behavior [27].

3.9. Acellular Matrix-Cell Encapsulated Material

Various types of tissues and organs aims at the process of decellularization technology
to obtain decellularized scaffolds [28]. An acellular scaffold in a target tissue retains the
ultrastructure of the complex and mimics the nature of the physiological anatomy. Acellular
scaffolds were exploited in huge numbers using decellularized scaffolds [29] such as in
bone regeneration [30] liver [31] and lung [32] tissues in vitro.

Cell Supporting Materials

The soft and moist characteristics of the culture make it suitable for mimicking cornea,
skin, and blood vessel tissue. The conventional approach is insufficient for the strong
hydrogels to culture hard tissues such as bone and cartilage. Even though some hydrogels
may have limited forming abilities, they can be shaped into spheres, blocks, or fibers to
imitate the desired tissue. Despite that, few fibers and particles play a structural role in
adherence to cells by improving the biological properties of the hydrogel. Figure 4 has a
brief representation of 3D cell models in drug discovery.



Future Pharmacol. 2023, 3

220

Colony Formation:
oCell- cell interaction
*Better drug models
*Complex environment

Figure 4. Types of 3D cell models in drug discovery.

3.10. Spheroid Models and Methods

The early 1970s marked the era of Spheroids by Sutherland and colleagues. Subse-
quently, varied models and techniques for spheroid formation have been utilized. The
spontaneous aggregation of cells together with the binding of integrins to ECM leads to the
formation of spheroids. Initially, cell-cell contact, upregulate E- cadherin accumulates onto
the cell surface and thus the spheroid becomes a compact structure via strong intercellular
E- cadherin interactions [6,33], driven by factors such as nutrients, oxygen, and growth
factors [7].

Various spheroid models have been established based on the cellular origin. Multi-
cellular tumors (MCTs) can be replicated by mimicking metabolic gradients and promoting
cell proliferation, especially in response to chemotherapy. The clonal selection, along with
its larger expansions, promises advancements with highly suitable throughput systems [8].
Tumor-derived spheroids have been created by breaking down the tumor into single cells
and culturing them in serum or serum-free media. These spheroids have been developed
and utilized in the brain [9] breast [10] lung [34] colon [35] prostate [36] Pancreas [37] and
ovarian tumors [12].

Culturing of Spheroids

Tissue engineering and regenerative medicine exploit the best use of scaffold methods.
Scaffold-free methods were commonly simple, inexpensive, and fast for generation of
spheroids. Culturing of spheroids can be practiced with or without the support of ECM.
Varied scaffold-free approaches have evolved. The cells are subjected to centrifugation to
encourage cell-cell adhesion. The previously mentioned precautions have to be taken to
prevent cell damage by shearing force when they are cultured in larger amounts, especially
in the deep study of chondrogenesis, bone formation, and differentiation of mesenchymal
stem cells [13,38]. Tumor spheroids were the simplest 3D cell culture models used in cell-cell
and cell-ECM interactions, by emulating the properties of solid tumors in a few ways.

3.11. Organoid Methods and Models

Organoids have been cultured from embryonic stem cells (ESCs), induced pluripotent
stem cells (PSCs), and adult stem cells (ASC). Certain developmental processes require
ECM-forming basal lamina as a source of various cellular sources. Initially, Organoids
from embryonic stem cells were expanded and later differentiated in a multi-step protocol,
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eventually developing into a full-fledged differentiated structure [11,38]. Thereby, derived
organoids have been shown as a favorable model in various ways, e.g., pathology in
genetics, organogenesis, and infectious disease devoid of regenerative capacity like the
brain [18-21,39,40].

Air-Liquid Interface (ALI) was developed for the propagation of organoids for both
stromal cells and epithelial cells [41]. This method is used for cell migration assays by
exploiting Boyden chambers (cell culture inserts). The cells get embedded in ECM gels
onto the upper surface via a porous membrane.

However, in this process, cells are embedded in ECM gels on an upper surface with a
porous membrane by directly exposing them to oxygen, leading to a rise in oxygen supply
when compared to an epithelial-only submerged organoid method. The process of diffusion
takes place by obtaining nutrients, and certainly a few other growth factors across the
porous membrane from the lower surface. Neonatal tissues utilize organoids using the ALI
method without external niche factors because these factors are thought to be produced
from stromal cells within organoids. Despite that, a distinct advantage of the ALI method
is that it also retains the microenvironment for a longer period, including stromal cells [28].

Another approach involves embedding tissue samples into droplets of BMR and then
transferring them into spinning bioreactors [42]. This method, which involves continuous
agitation and oxygen and nutrient supply, is considered to be more promising than static
methods. (e.g., cerebrum and retina) [29]. Some organoids, such as glioblastoma, are
cultured in a well-defined medium through agitation, even in the presence of mitogens [43].
Interestingly, these cultures retain their histological and genetic characteristics.

A few interesting facts on 3D cell culture.

1.  Compared to traditional 2D cell cultures, 3D cell cultures more accurately replicate
the in vivo environment of cells, making them more effective for studying cellular
behavior and biological processes.

2. The 3D cell cultures can be grown in a variety of different formats, including spheroids,
organoids, and scaffold-based cultures.

3. The 3D cell cultures have been used extensively over a wide range of biological
processes, including cancer progression, tissue development, and drug metabolism.

4. The 3D cell cultures have the potential to be used as an alternative to animal testing,
as they can provide more accurate results and are more ethical.

5. The use of 3D cell cultures has been increasing in recent times due to advances in
technology, such as the development of automated systems for growing and analyzing
3D cultures.

3.12. How Do 3D Cell Cultures Simulate the Structure?

The 3D structure can be simulated based on the physical and chemical properties of the
cell microenvironment such as Molding, Microsphere, Microfibers, Channels, Composites.

3.12.1. Molding

The most convenient and simplest manufacturing method suits the production of
hydrogels for small structures. While hydrogels are influenced by various factors such
as light, and physical and chemical conditions, it is crucial that their preparation is done
thoroughly in advance. Micro molding permits the construction of small structures by
exploiting multiple and complex geometries. So, the high fluidity hydrogel and soft
ultrafine fiber mold can be used to distribute liquid cells evenly through channels that are
between 500 nanometers and 100 micrometers in size. During the process, the larger cells
suffocate due to factors such as nutrients, metabolic waste, and internal channels.

Similarly, if cells are housed in large structures, they might miss out on internal
channels, a source of nutrients, and a system for removing waste products, resulting in
inadequate growth.
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3.12.2. Microspheres

The hanging drop approach uses the principles of surface tension and viscosity of
hydrogels in order to wrap cells. A cultured unit is defined by each microsphere under an
electrostatic field. Subsequently, microlevel spheres are manufactured by high throughput
culture and detection. The application has been used in drug delivery, tumor simulation,
and stem culture as well.

3.12.3. Channels

Channel Structures are significant for blood vessels and respiratory tracts. Embedding
the channels in the hydrogel culture units forms the basis of these kinds of structures. Man-
ufacturing channel structures requires coaxial 3D printing, sacrificial template replication,
and DLP printing. With advancements in manufacturing technology, coaxial printing can
create tubes that can be stacked properly. The pipes remain non-bifurcated. Both DLP and
sacrificial template replication ought to be bifurcated according to variated diameter.

3.12.4. Composites

The combination of different manufacturing techniques results in the creation of simu-
lated human organs or tissues. Table 5 has listed various advantages and disadvantages of
types of cell culture. This can be achieved by stacking tubes and layering fibers, creating
blocks or sheets, as seen in the formation of bones, ears, and noses.

Table 5. Listed various advantages and disadvantages of types of cell culture.

Cell Cultures Advantages Disadvantages References
Cell-cell ccl)lrr]larglg/r[ucatlons Upon 3D formation, the In vitro angiogenesis and
G (iﬁ f_ ; ) disposal of cells and changing drug testing [44]
(1) Hydrogel matrix rowth factors were growth media confers very Drug response study [45-47]

(2) Method of Hanging Drop

(3) Method of Liquid Overlay

(4) Method of
Microwell Platform

incorporated quite handy
Microenvironment (in-vivo)
Uniformly spread spheroid

The homogenous spheroids
can be quite easily formed.

Quite easy to use and handy
for long cultures.

HCL compatibility with
different spheroid sizes.

low throughput and thus,
makes it difficult for recovery.

This demands frequent
growth in media change.
However, analysis is required
which demands labor and
time. Cells were subjected to
mechanical shocks very often.

With extensive labor and time,
centrifugation yields very low
throughput, along
heterogeneous cells were
produced massively.

Cross-contamination takes
place with microwells.
Therefore, testing compounds
turn out quite difficult.

Cancer research [48]

Hepatotoxicity testing with
HepaRG cells ([49,50]; Target
identification and validation

using RNAi [51]

Evaluation of the therapeutic
response of anticancer
drugs [52]
Identification of anticancer
drugs [53] hepatoxicity testing
with iPSC- derived
hepatocytes [54]

Study of self-renewal and
differentiation process of stem
cells [55]

Study of cancer and drug
development [56]

3.13. Applications of 3D Cell Culture

3.13.1. D Bioprinted Tissues/Organs for Transplantation

The tissues in 3D bioprinted bladders, tracheal grafts, bone, and cartilage have proved
to be functional upon implantation and proper development, as observed in humans and
animals. Liver and kidneys, with integrated vasculature, are in the process of being developed.

Subsequently, small diameters have been used in single or double layers, especially
in human umbilical vein smooth muscle cells and skin fibroblasts of agarose rods. Apart
from this, it can be observed in human umbilical vein endothelial cells, fibroblasts, or



Future Pharmacol. 2023, 3

223

embryonic kidney cells. Significant efforts have been made to 3D print liver and kidneys
with integrated blood vessels, using bio-printing technology.

3.13.2. 3D Cultures in Cell Therapy and Tissue Engineering

This approach has made a promising note in realizing the full potential of cell therapy
and tissue engineering which meets the demand in quality, quantity, and robustness for
commercialization and clinical trials. The production of 3D cells on a larger scale provides
a new approach for treating different illnesses.

The idea of using spheroids has been applied to stem cells in the realm of tissue
regeneration and repair processes. The methods of delivering it to target organs or tissues
are limited, with loss of transplanted stem cells, low efficacy, and survival rate. In contrast
with this, scaffolds, encapsulated materials, sheets, and platforms can be chosen as delivery
modes. The method of construction of these platforms mimics the cell condition in vivo
3D cell-cell and cell- ECM interactions [57]. The use of spheroids, which are 3D structures
formed from aggregates of cells, has garnered significant attention in the field of tissue
engineering due to their potential to differentiate into various cell types and to mimic the
properties of native tissues. These structures exhibit similar biological properties, such as
size, cell density, viability, morphology, proliferative activity, and metabolic function, when
compared to 3D cell culture systems, making them an attractive option for tissue repair
and regeneration. In particular, spheroids are capable of differentiating into various lin-
eages, including chondrogenic, osteogenic, adipogenic, and neurogenic cells, making them
versatile tools for a wide range of tissue engineering applications. As a result, the study of
spheroids and their applications in tissue engineering has gained significant momentum in
recent years, and they are considered a promising approach for the restoration of damaged
or diseased tissues.

Despite the growing effectiveness of stem cell therapies, there are still limitations due
to the loss of transplanted stem cells. To address this issue and maximize the treatment
efficacy of stem cells, researchers are striving to develop strategies for the efficient delivery
of large numbers of stem cells, especially in cases where extensive or continuous treatment
is required. To achieve this, it will be necessary to establish guidelines for the optimal
number of stem cells to use in different therapeutic applications, taking into consideration
the diverse nature of damaged human tissues and the varied mechanisms of diseases.
The European Union [58] has established standards for the use of spheroids containing
between 1 x 10° and 2 x 10° cells in clinical studies, with the implementation of fewer
than 70 spheroids shown to be effective in treating defects in cartilage larger than 2 cm?. To
further optimize the density and size of stem cell-based spheroids, it will be necessary to
perform additional experimental studies. The use of stem cells can be more time consuming
and costly, and technologies are being developed to maximize survival and minimize cell
loss to improve treatment efficacy. In this regard, 3D cell cultures may still offer a superior
alternative to 2D cultured stem cells [59].

3.13.3. Challenges and Future Perspectives

The 3D cell culturing methods unlock the limitations of 2D technologies. Although
they are more expensive, 3D cell cultures have fewer hindrances. However, one factor is
that the 3D culture method cannot replicate all the microenvironment conditions. Utilizing
matrices that Constructing systems that contain heterogeneous components can be very
labor-intensive, making it challenging to achieve [60]. Imaging turns out to be very tricky
when using larger scaffolds in 3D. A study [61] revealed that anchorage-dependent cultures
become incompatible while using microscopes and spheroids.

Although conventional analysis of cellular phenotype exploits the use of confocal
fluorescence microscopy [61]. This becomes a great challenge over 3D to 2D, unlike 2D cell
culture taken in a single XY plane of the axis. Therefore, higher magnification (40-60x)
takes up large storage for high-throughput screening.
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Likewise, a technique is used to count cells, and microorganisms by sorting cells,
detecting biomarkers, protein engineering, and determining cell culture, characteristics, and
functions [60]. The advent of 3D spheroids demands mechanical disruption of spheroids
using the enzyme trypsin in a single-cell suspension [62] This is because spheroids have to
be broken up into a single—cell suspension, which ultimately becomes an endpoint assay as
the cells are meant to be disposed of by the end of the flow cytometry experiment [62].

The liquid handling suspension method throws a unique challenge for more viscous
liquids such as collagen in suspension media and automated ultra-low attachment while
the Matrigel-containing hydrogels too present a unique task [61]. Another important factor
demands quick liquid handling and careful environmental control of temperature-sensitive
polymerizations to avoid premature polymerization [63]. The automation approach can
be achieved using 96- or 384-well plates for many 3D culturing techniques but further
miniatured models find it more difficult in pipetting smaller volumes.

In automated cell therapy, certain bioreactors supported scaffold-based 3D progenitor
cultures. These were constructed to control the internal environment.

The use of the microfluidic platform for 3D techniques, despite being expensive, has
become a popular choice for creating tissue-like structures due to its ability to stimulate
many standard 3D models. The utilization of 3D models in studying cell interactions with
specific growth factors has proven to be crucial. In addition, spheroids and organoids have
been marked as promising strategies over stem cell therapy. Nevertheless, 3D models have
been targeted for therapeutics before any pre-clinical assessments.

4. Future Directions

Organoids which are miniature organ-like structures that can replicate the differenti-
ated functions of diverse organs have made significant progress in replicating the functions
of the nervous, vascular, and reproductive systems. However, there persists a significant
gap in their ability to integrate and fuse with the host tissue at the site of transplantation.
To optimize their therapeutic potential, there is still a need to develop technologies such as
organ-on-a-chip, co-culture, and spatial control. Personalized stem cell organoids, which
have the greater potential to reduce the risk of immune rejection in artificial organ trans-
plantation, are also being explored as a promising approach. The integration of micro/nano
engineering-based factors and systems will be necessary to enable the personalized method
of organoid transplantation.

There are several directions that 3D cell culture research could take in the future. Some
possible areas of focus engage in developing new and improved methods for creating and
maintaining 3D cell cultures and understanding the impact of 3D cell cultures for various
applications such as drug discovery and development, tissue engineering, and disease
modeling. Another fascinating area of research may be the use of 3D cell cultures to study
the effects of microgravity or other environmental factors on cells. Surprisingly, researchers
may still look to employ various technologies, such as advanced imaging techniques and
processes occurring within 3D cell cultures.

One possible arena for future research in the field of 3D cell culture could be the
investigation of the effects of microgravity or other environmental factors on cells. This
could be performed by using specialized bioreactors or other equipment to simulate
different types of environments and to study the response of how cells behave with the
conditions. This type of research could provide valuable insights into how cells function
and adapt to different conditions, and could have potential applications in fields such
as space exploration, medical research, and drug development. Strikingly, the study
on 3D cell cultures helps us to understand how cells interact with each other and their
surrounding environment, providing a more accurate representation of biological systems
than traditional 2D cultures.
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5. Conclusions

3D cell cultures offer a more realistic and physiological approach to studying cells
compared to traditional 2D cell cultures. These 3D cell cultures can more closely mimic the
in vivo microenvironment and provide a platform for studying various biological processes,
including cell proliferation, differentiation, and migration. There are several different 3D
culture systems available, including scaffold-based, matrix-based, and spheroid-based
cultures. Each of these systems has its own unique set The use of 3D models in cell research
has both benefits and drawbacks, but it offers a more accurate representation of real-life
cell behavior.

Moreover, there are several other potential applications, such as to study the effects of
microgravity or other environmental factors on cells, to develop novel drugs and therapies,
and to study the behavior of cancer cells. Despite the many potential benefits of 3D cell
cultures, several challenges need to be overcome to entirely realize their potential. These
challenges include the need for standardized methods for generating and characterizing
3D cultures, as well as the need for a better understanding of various biological processes
to lead the development of new and targeted therapies.
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