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Abstract: Oncological diseases consistently occupy leading positions among the most life-
threatening diseases, including in highly developed countries. At the same time, the second
most common cause of cancer death is colorectal cancer. The current level of research
shows that the development of effective therapy, in this case, requires a new grade of
understanding processes during the emergence and development of a tumor. In particular,
the concept of cancer stem cells that ensure the survival of chemoresistant cells capable
of giving rise to new tumors is becoming widespread. To provide adequate conditions
that reproduce natural processes typical for tumor development, approaches based on
increasingly complex cellular systems are being improved. This review discusses the main
strategies that allow for the study of the properties of tumor cells with an emphasis on
colorectal cancer stem cells. The features of working with tumor cells and the advantages
and disadvantages of 2D and 3D culture systems are considered.
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1. Introduction
Oncological diseases are one of the most acute problems of modern healthcare, causing

considerable concern due to the high prevalence and mortality. Over the past few decades,
significant progress has been made in reducing smoking and developing screening and
therapies, primarily in the field of lung and breast cancer. However, according to 2023
data, the second most common cause of cancer death (9.3%) is colorectal cancer among all
oncological diseases, inferior only to lung cancer [1].

The most common cause of death in cancer patients (more than 90%) who received
both traditional chemotherapeutic agents and new targeted drugs is the development of
tumor drug resistance [2]. Resistance to one chemotherapeutic drug can cause simultaneous
resistance to a number of chemotherapeutic drugs with different structures and mechanisms
of action. This multiple drug resistance can not only occur after a course of treatment with
chemotherapeutic or targeted drugs but can also be inherent to the tumor [3,4].

Currently, multiple drug resistance is one of the main problems in the treatment of
patients with various types of cancer; it is typical for colon, colorectal, breast, lung, ovary,
blood cancer, and lower gastrointestinal system cancers. It also plays an important role in
the development of cancer metastases and relapses [2,5]. The exact molecular mechanisms
underlying the development of drug resistance in colorectal cancer cells are still unknown,
but several key aspects can be identified, such as P-glycoprotein-mediated efflux, altered
metabolism compared to normal cells, and the maintenance of a small group of cells with
stem-like properties [5–7]. Chemotherapy and radiotherapy can be successful against the
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bulk of tumor cells but do not kill colorectal cancer stem cells, which then provide not only
relapses but also tumor metastasis [4].

Cell technologies are widely used in colorectal cancer research and therapy, not only
allowing new drugs to be tested but also the study of peculiarities of tumor cell functioning
and the prospects for using personalized medicine. In particular, cancer stem cells (CSCs)
are attractive potential targets for the treatment of colorectal cancer, but operating these
cells has a number of features [8]. This review highlights the methods used to work with
such cells.

2. The CSC Concept
It is assumed that cancer stem cells are responsible for the formation of multiple drug

resistance, as well as for tumor relapse and metastasis [4]. CSCs were first isolated in
human acute myeloid leukemia; these cells were able to provoke tumor development in
immunodeficient mice and had a number of differences from the bulk of tumor cells [9,10].
Later, similar subpopulations were found in other types of cancer, including colorectal
cancer [11–13].

The CSC concept suggests that tumors have a hierarchical organization similar to that
of normal tissues. While the hierarchy of normal tissues is maintained by healthy stem
cells, the hierarchy of tumors is maintained by a small subpopulation of cancer cells, CSCs,
capable of initiating a tumor and supporting its growth [14]. In this case, CSCs form cellular
heterogeneity, leading to the appearance of several different cell types in a tumor [15,16].

CSCs can divide both symmetrically, with the formation of two new CSCs of the same
clone, and asymmetrically, with the formation of CSCs and a temporarily proliferating
differentiated cancer cell. The number of divisions of temporarily proliferating cancer cells
is strictly limited. It is assumed that, in contrast to the differentiation of normal tissue cells,
the differentiation of tumor cells can be reversible. Even terminally differentiated cells,
i.e., cells incapable of further division, can dedifferentiate under certain conditions and
acquire the properties of CSCs [17,18]. The stemness and plasticity of CSCs are determined
by various internal and external signals, such as tumor microenvironment signals genetic
or epigenetic changes. These signals, acting together or separately, affect the future of both
undifferentiated and differentiated cells [14]. Thus, non-CSCs can serve as a source for
the creation of CSC populations throughout oncogenesis. In addition, a mutation in the
differentiated cell can provide it with the ability to self-renew and create a new clone of
CSCs, adding functional diversity within the tumor [19,20]. The scheme of proliferation
and differentiation of cancer stem cells is shown in Figure 1.
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Figure 1. Scheme of cancer stem cell proliferation and differentiation. 
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3. Specificity of Working with CSCs
As the understanding of the role of cancer stem cells in tumor functioning has devel-

oped, approaches aimed at destroying cancer stem cells, including inhibition of key CSC
signaling pathways, such as the WNT or NOTCH pathways, and the use of antibody–drug
conjugates targeting tumor cell stemness markers, have been proposed [21,22]. However,
significant success has not been achieved yet. Difficulties in developing such therapy are
associated with the characteristics of cancer stem cells, which are difficult to maintain
under laboratory conditions, and with their low content in the tumor population, no more
than 2% [23]. In addition, the imperfection of classical two-dimensional (2D) cell cultur-
ing systems does not allow for studying CSCs and testing new drugs aimed at targeting
them [24].

The main approach to studying the activity of such cells is based on the transplantation
of CSCs into laboratory animals with disabled immunity [13,25–27]. This poses a number
of difficulties, including the selection of correct CSC markers and problems related to the
dissociation of the tumor mass during transplantation [28]. In addition, the use of animals
imposes a number of restrictions; from an ethical point of view, such experiments should
be replaced, if possible, with more humane and effective methods of scientific research and
testing. Researchers are constantly developing models for studying CSCs, using organs on a
chip and 2D and 3D cultivation under specific conditions in addition to laboratory animals.

At present, a panel of markers typical for colon CSCs has been proposed; it is mainly
represented by membrane glycoproteins that determine adhesion and signaling (Table 1).
These markers are used both to assess the cellular composition of the tumor and to sort
CSCs for subsequent inoculation into an animal or testing using FACS and MACS. However,
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other approaches based on the physiological characteristics of CSCs are also possible. Thus,
a colony formation assay can be used to enrich the culture with CSCs since in a serum-free
medium containing certain growth factors, CSCs, unlike other cells, are able to form a cell
colony or sphere [29]. The low sensitivity of such cells to chemotherapy and radiotherapy
can also be used for selection [30,31].

Table 1. Stemness markers used for the identification and selection of colorectal CSCs.

Marker Localization Reference

CD24 Transmembrane glycoprotein [32]
CD44 Transmembrane glycoprotein [33]

CD133 Transmembrane glycoprotein [34]
CD166 Transmembrane glycoprotein [35]
CD326 Transmembrane glycoprotein [36]

ALDH1 Intracellular enzyme [37]
SOX2 Intracellular transcription factor [38]
OCT4 Intracellular transcription factor [39]
STAT3 Intracellular transcription factor [40]

4. Two-Dimensional Models of Human Colorectal Cancer Cell Cultures
The in vitro cultivation of cells on a flat substrate, otherwise known as the so-called

2D culture, is a traditional method for studying cancer cells, historically used in scientific
research since the early 1900s [41,42]. Primary cultures isolated directly from tumor samples
are serially passaged until a homogeneous cell line is obtained [42]. To date, 2D cultures
have been used in oncology research for the long-term preservation and maintenance of
cell lines, as well as for various in vitro cell studies [43,44]. The advantages of this culti-
vation method include its availability and low cost (Table 2) [41]. The two-dimensional
culture does not require expensive reagents and laboratory plastic with a specific coat-
ing. In addition, such cultures are easy to maintain and process with various chemical
compounds [45].

Table 2. Comparison of 2D and 3D cultivation models [24,41,44,46–53].

Characteristics 2D 3D Native State

Available interactions Cell–cell Cell–cell and
cell–matrix

Cell–cell and
cell–matrix

Impact of environment Homogeneous Heterogeneous Heterogeneous

Cell shape Flat and oblate Natural
structure

Natural
structure

Intercellular communication +/− + +
Cell differentiation +/− + +

Cell proliferation rate ++ + +
Cell sensitivity to treatment +++ ++ +

Suitability for CSCs +/− + +
Ease of operation + +/− −

Cost +/− ++ −
“+/−”—the characteristic is weakly expressed or limitedly applicable to the considered model; “+”, “++”, “+++”—
the characteristic is normally/intensively/strongly expressed in the considered model; “–”—the characteristic is
not applicable to the considered model.

However, 2D cultures are unable to reproduce the structure, physiology, and natural
microenvironment of a tumor [54,55]. The interaction of cells with their extracellular matrix,
which controls cell growth, proliferation, and function, cannot be replicated under 2D
culture conditions [56]. Two-dimensional cultures do not have the characteristics of in vivo
tissues; their architecture is not tissue-specific. Therefore, their behavior, in particular



Cells 2025, 14, 170 5 of 19

proliferation and response to external stimuli, differs from the behavior of real cancer cells.
Two-dimensional models do not reproduce the entire complexity of cellular interactions
and, accordingly, the aggressiveness and heterogeneity of the tumor [24]. Thus, 2D cultures
are not able to replicate the natural functioning of CSCs.

Cells cultured in two-dimensional systems perform complex biological functions in
their own way, such as cell invasion, apoptosis, transcription regulation, receptor expres-
sion, and cell proliferation [57,58]. Two-dimensional cells are unable to maintain normal
morphology, have a different organization of cell surface receptors and low viability, and
are more sensitive to the effects of drugs [46,47]. Cultivation in three-dimensional systems
allows for overcoming the limitations of 2D cultivation and creating in vitro cultures of
cancer cells that are closest in their properties to real tumors. Three-dimensional cultivation
systems are currently being actively developed and used to study various types of cancer
and CSCs and to test new drugs [59].

5. Three-Dimensional Models of Human Colorectal Cancer Cell Cultures
The first 3D cell culture model was created in 1992 by Petersen and Bissell; it imitated

the natural physiological properties of breast cancer [60]. Such systems turned out to be
suitable for the propagation of both normal and cancer stem cells [61]. Subsequently, similar
approaches were applied to other types of tumors [11,62–64]. In the case of colorectal cancer,
the concept of “colonosphere”, similar to “neurosphere”, “mammosphere”, etc., was used.

The sphere-formation assay has become a convenient method for the identification
of CSCs, their properties, and the antitumor activity of various compounds specifically
targeting CSCs since, when grown under non-adherent serum-free conditions, most tumor
cells undergo anoikis (a form of programmed cell death), whereas CSCs keep dividing
to form multicellular 3D spheres [44,65–67]. The sphere-formation assay and its recently
proposed mathematical interpretation allow us to estimate the symmetric division rate of
CSCs and to assess the effect of the treatment on the self-renewal and proliferative activity
of these cells. This assay is a powerful tool for assessing the functional and phenotypic
properties of CSCs [67].

3D systems not only solve the problems associated with traditional 2D culturing
but also provide more valuable information on 3D cell–cell and cell–extracellular matrix
interactions [48–50,68]. Three-dimensional cultures mimic the pathophysiological tumor
microenvironment, provide a more clinically representative response to the tested bioactive
molecules, and are therefore more adequate models for preclinical trials of various thera-
peutic agents in vitro [51,52,68]. In addition, 3D culturing provides a more physiologically
relevant approach to the analysis of gene functions and cell phenotype ex vivo [53]. Thus,
3D systems allow for a significant reduction in the number of animal studies. In the future,
3D culturing may become an important tool for studying cellular changes, interactions,
and molecular signaling during malignant transformation [51,69]. A visual comparison of
2D and 3D cultivation models is presented in Table 2 and Figure 2.

The main advantage of 3D culturing is the imitation of the extracellular matrix struc-
ture of the tissue, which is especially important for the accurate functioning of CSCs
in vitro [70]. The extracellular matrix is a network of noncellular fibrous proteins, vari-
ous structural macromolecules (auxiliary proteins), and adhesion molecules that provide
structural and biochemical support for the cells and are necessary for many basic pro-
cesses [41,71,72]. In addition, it forms cell binding sites that control their adhesion and
migration [73]. From a structural point of view, the extracellular matrix consists of the
interstitial connective tissue and the basement membrane. The interstitial connective tissue
contains proteins, glycoproteins, and proteoglycans (polysaccharides) [70]. It consists
mainly of protein molecules such as collagen I and III, self-assembling polysaccharides,
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and glycosaminoglycans, namely hyaluronic acid, proteoglycan, and fibronectin [41,71,72].
The basement membrane, located in normal tissues on the basal side of epithelial or
endothelial cells, provides a physical barrier between the epithelial cells and the connec-
tive tissue (stroma) of the organ, allowing only gas diffusion and transport of signaling
molecules [41,70].
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There is currently no single technology for creating 3D cell cultures; the choice of a
specific method for developing a 3D model depends on the purpose of the study. To recreate
important intercellular interactions in vitro, 3D model cells are cultured in a man-made
microenvironment that replicates the geometric, mechanical, and biochemical properties of
the extracellular matrix of tumors in vivo [41,74]. These conditions allow the formation of
3D tissues with a structure similar to that of natural tissue [75].

3D models allow us to study changes in the morphology and cellular organization of
natural tissues during oncogenic transformation [41]. Three-dimensional tumor cultures
are also indispensable tools for studying in vitro mechanisms of tumor growth and metas-
tasis [76]. The most useful for these purposes are 3D models obtained from primary human
cell cultures [77].

It is worth noting that despite the numerous advantages of 3D cultures, they cannot
replace 2D cultivation in the context of drug development since the productivity of such
screenings decreases dramatically. In addition, the heterogeneity of the outer and inner
layers of spheroids complicates the interpretation of the results.

The choice of a 3D culturing method is determined by a number of factors, such as
the following:

- The nature of the grown cells and their response to the environment (cells can be
selected according to a certain characteristic from the total number of cells of the
corresponding strain, represent an isolated cell line of the corresponding strain or a
primary culture, and can be of tissue origin);

- The available type of the artificial microenvironment in which the cells will be grown;
- The presence and available type of a scaffold based on biomaterials (natural, synthetic,

or composite);
- The available type of signaling molecules (proteins and growth factors) [41,78].

Three-dimensional culturing methods (Table 3) can be divided into scaffold-based
ones, which utilize natural or artificial solid scaffolds, and scaffold-free ones, which do not
use them [79]. The scaffold-free approach is used to cultivate so-called spheroid cultures;
the use of scaffolds allows for obtaining more complex structures: organoids [24,80]. Each
3D model used has its own advantages and disadvantages in terms of reproducing the
in vivo physiology and original architecture of the tumor. Three-dimensional culturing
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methods are constantly being improved to better reproduce cancer biology. In particular,
developments in automation, miniaturization, and adaptation of 3D models to various
types of human tumors will allow active study of the antitumor immune response [24].

Table 3. Overview of methods for 3D culturing.

3D Model Scaffold Method References

Spheroid
Scaffold-free

Forced floating [63–67,81]
Hanging drop [82,83]

Mixing [84]

Scaffold-based
Culturing on natural

scaffolds [65,85–89]

Culturing on artificial
scaffolds [52,71,90–94]

Organoid Scaffold-based
Culturing on natural

scaffolds [95–97]

Culturing on artificial
scaffolds [98]

5.1. Spheroid Cultures

The formation of spheroids by cells is based on the phenomenon of self-assembly,
a natural process occurring during morphogenesis and organogenesis [99]. Spheroids
are solid clusters of round-shaped cells of variable size (from 50 to 150 µm) with well-
balanced morphology and the ability to persist as free-floating cultures [41,99,100]. Three-
dimensional spheres can be homotypic, formed by only one type of cells, or heterotypic,
consisting of different types of cells [41,101].

Spheroids, due to their structure, are able to reproduce the cellular heterogeneity
of solid tumors [19,102]. This ability is determined by the peculiarity of the spheroid
structure formed by a necrotic core and a peripheral layer of cells [79,100]. Since there
is a lack of vascularization, oxygen and nutrients poorly penetrate deep layers of the
spheroids [103]. The formation of diffusion gradients of vital substances leads to the
division of the spheroid into an internal part, which is a resting area with a necrotic core
and an acidic pH value of the environment, and an external part consisting of actively
proliferating cells [79,103]. Hypoxia of the internal part of spheroids has an indirect effect
on proliferating cells, influencing the nature of their expression, similar to what is observed
in the initial phase of some solid tumors in vivo [45,104]. Thus, three-dimensional spheroid
models have morphological, functional, and mass transport properties similar to those of
the corresponding tissue in vivo [105].

Spheroid cultures allow for studying the morphology, topography, size, organization,
and invasive and metastatic potential of cancer cells, as well as the expression of proteins
and genes in them [41,106–108]. The advantages of spheroid cultures also include simplicity,
high productivity, and low cost of production [109,110]. However, these cultures also have
their drawbacks. Nevertheless, when working with such cultures, it is necessary to take
into account several applied aspects, including the significant requirements for the quality
of operating cells, the mobility of spheroids, which complicates the assessment of their
number and size, and the risks of self-disassembly of spheroids in response to changes in
the content of growth factors [41,111–113].

5.1.1. Scaffold-Free 3D Cultivation of Spheroids

Scaffold-free 3D culture methods are simpler than scaffold-based ones and are most
widely used in practice to maintain an array of cells of one type [114–116].

Scaffold-free methods for culturing spheroid cultures include the following [41,43,80]:
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- Forced floating (based on the use of nonadhesive surfaces);
- Hanging drop;
- Suspension culture (approaches based on mixing).

Most of the currently used protocols for 3D cultivation of tumor spheroids in suspen-
sion use forced floating or hanging drop methods [65].

The forced floating method is based on the use of culture plates with special coatings
that prevent cell adhesion or gels whose surface prevents cells from binding to the substrate
(agarose gel, pHEMA, and pluronic acid), which promotes spontaneous spheroid forma-
tion [41,105]. The forced floating method is easy to use and convenient for monitoring
the formation and growth of spheroids [41]. Another advantage of this method is the
possibility of automation and, therefore, suitability for high-throughput screening [105]. A
disadvantage of the forced floating method is the heterogeneity of the resulting spheroids,
their shape and size [41,65,81,117].

The hanging drop method allows for spheroids to be obtained in droplets of a culture
medium by inverting a specially coated plate [41]. Silicones or laboratory parafilm are
used as a coating, thereby increasing the curvature of the droplet surface and, as a result,
accelerating cell aggregation in its center [82]. Under surface tension and gravity, the
cells accumulate at the liquid–air interface, forming a single spheroid, which subsequently
undergoes self-disassembly [41,85,118]. The size of the resulting spheroid can be controlled
by changing the volume of the drop or the density of the cell suspension [41]. Gas exchange
in spheroids obtained by this method is higher than in spheroids obtained by the forced
floating method [83]. The advantages of the hanging drop method are low cost and high
productivity [41]. The disadvantages of the hanging drop method include the need to
transfer spheroids to other standard plates for use in cell assays [83].

Mixing-based methods for spheroid cultivation require the use of conical-bottom
centrifuge tubes or a special bioreactor [41]. In the former case, cell-to-cell adhesion is
maximized by centrifugation (500× g, 5 min) [117]. After removal of the supernatant, the
cell pellet is resuspended in the culture medium to form spheroids; to enhance cell survival,
the cells are preincubated for an hour [41,65,84,119].

The bioreactor for culturing spheroids by mixing consists of a centrifuge vessel and
a rotating magnetic stirrer. The contents of the centrifuge vessel are continuously stirred
by convection. Under these conditions, mutual cell adhesion increases, and spheroids are
formed. The stirring speed must be strictly controlled since too high speed can damage the
spheroid cells, and too low speed allows the cells to sink to the bottom of the vessel without
forming spheroids. This method cannot be used to obtain spheroids from cells with low
cohesion since they undergo apoptosis under the above conditions [41]. The disadvantages
of this method include the difficulty of monitoring the formation of spheroids, and in
general, this type of spheroid cultivation is less common [65,117].

Tumor spheroids can be divided into four types based on the cell origin: multi-
cellular spheroids, tumorspheres, tissue-derived spheres, and organotypic multicellular
spheroids [41].

Multicellular tumor spheroids are obtained by culturing a suspension of cancer cells
under non-adhesive conditions and with a traditional culture medium depending on the
cell line for 1–7 days [83,105].

Tumorspheres are obtained from single CSCs that are capable of giving rise to a sphere
by dividing to form a clone of the original cell. These spheroids are well suited for culturing
and studying CSCs, and the number of CSCs in tumorspheres is higher than in other types
of tumor spheroids. These spheroids are obtained by culturing a suspension of cancer cells
in the presence of a stem cell medium supplemented with growth factors (requires 5–7 days
to 1–2 months) [41,120,121].
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Endoscopic biopsy material is used to obtain tumor spheroids from tissues. Partial
dissociation and induration/remodeling of the crushed cancer tissue in a normal medium
with the addition of FBS leads to the formation of spheroids (requires from 2 to 5 days to
12–18 days) [41,120,122].

Organotypic multicellular spheroids can also be obtained as a result of partial dissoci-
ation (carried out mechanically or enzymatically) of tumor tissue under non-adhesive con-
ditions. These conditions lead to a more rapid formation of spheroids (1–3 days) [41,122].

5.1.2. Scaffold-Based 3D Cultivation of Spheroids

Scaffold-based methods of 3D cultivation are based on the use of special supports of
both organic and inorganic nature [123]. Currently, more than 100 types of such structures
are used [41]. It is difficult to isolate the optimal scaffold material since there is currently no
unified system for assessing their impact on the specific behavior of CSCs; however, each
has its own advantages and disadvantages, which are discussed below.

Various natural (collagen, gelatin, elastin, silk fibroin, chitosan, chitin, fibrin, fibrino-
gen, etc.) and synthetic polymers, as well as composites of natural and synthetic substances,
are used as scaffolds for 3D cultivation. The composites used imitate the natural extracel-
lular matrix in terms of porosity, fibrousness, permeability, and mechanical stability. The
microarchitecture of the scaffolds improves the biophysical and biochemical interaction
of adherent cells, which allows for their better expression in vitro. Thus, scaffolds for 3D
cultivation create a biologically active environment for cell proliferation and differentiation,
as well as for the secretion of a cell-specific extracellular matrix [41,123].

Hydrogels are popular scaffolds for 3D cultivation [41]. Hydrogels consist of hy-
drophilic polymers linked to each other by ionic or covalent bonds, and water fills the space
between the polymer chains [124,125]. Hydrogels can be natural, synthetic, and hybrid,
combining natural and synthetic components [86,126]. The main advantage of hydrogels
over other scaffolds for 3D cultivation is the ability to regulate their physicochemical
properties. This feature allows for the imitation of both the biochemical and mechanical
properties of the native extracellular matrix of cultured cells [41]. Another advantage of
hydrogels is that they provire cells with good access to nutrition and oxygen, transmitted
by diffusion even into fairly deep layers [126].

Agarose hydrogels are thought to be the easiest-to-use materials for obtaining 3D
cultures of various cell types [41]. Changing the composition, concentration, and volume
of the gel allows for the creation of optimal conditions for each specific cell type [123].

The type I collagen scaffold is often used for 3D cultivation [41]. The advantages of
this scaffold are its ease of use, low cost, and facile adaptation to solve various research
problems. These structural properties of the gel, such as pore size, ligand density, and
rigidity can be varied quite easily by changing the concentration of collagen or using
chemical cross-linking compounds [41,127–129].

One of the most popular ready-made natural scaffolds for 3D culturing is the recon-
stituted basement membrane isolated from mouse Engelbert–Holmes–Roy sarcoma. It is
a liquid mixture of gelatinous proteins that turns into a gel at 37 ◦C [87,130]. This mate-
rial produces a large amount of extracellular matrix rich in type I collagen, laminin-111,
heparan sulfate proteoglycan (perlecan), and nidogen and also contains soluble growth
factors such as fibroblast growth factor (FGF), epidermal growth factor (EGF), transforming
growth factor-β (TGF-β), and matrix metalloproteinases (MMPs), including MMP-2 and
MMP-9 [41,131]. Due to this biological activity, the gel ensures the formation of complex
three-dimensional structures consisting of several cell types under normal cultivation
conditions and is widely used to obtain various 3D cultures in vitro. It also allows for the
evaluation of the migration and behavior of cancer cells, serving as a widely available model
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for studying many fundamental issues of cell biology [41,88,89,132]. The disadvantages of
the material due to its animal origin include the heterogeneity of the composition, which
varies from batch to batch, while uncontrolled changes in the content of growth factors,
up to the appearance of endogenous growth factors in the composition that are not typical
for human tumor environment, can have a multidirectional, unpredictable effect on the
results of the studies [44,68,133]. In addition, it is necessary to take into account that at 4 ◦C,
the gel becomes liquid, which complicates the work when varying the temperature [79].
Given these disadvantages, many researchers prefer to use hydrogel systems since they
themselves do not contain growth factors and, accordingly, the concentration of added
growth factors can be easily controlled [41,68].

Along with natural hydrogels, synthetic hydrogels based on polyethylene glycol
(PEG), polyvinyl alcohol, or poly-2-hydroxyethyl methacrylate are also used to obtain 3D
cultures [41]. These scaffolds consist of synthetic organic polymers and represent a model
of an extracellular matrix with clearly defined characteristics and are actively used for
3D cultivation of nerve, bone, cartilage, muscle and kidney cells [41,90–92,134–136]. The
popularity of scaffolds based on synthetic hydrogels is due to the simplicity and ease of
use, as well as good reproducibility of properties between batches [41,90–92,134–138].

The most significant drawback of synthetic hydrogels is the lack of basal biological
activity. These scaffolds are not capable of transmitting biochemical signals that deter-
mine the fate of cells [41,138]. The problem of the lack of basal biological activity can be
solved by adding signaling molecules: peptides, growth factors, and glycans [139]. How-
ever, biomolecules in synthetic hydrogels can be distributed unevenly. In addition, these
scaffolds have problems with oxygen access for cells, the heterogeneity of the synthetic
cellular microenvironment, and the release of toxic hydrogel degradation products into
cultured cells [41,137,140]. The use of scaffolds based on polylactic acid, polyglycolic acid,
and their copolymer polylactide-co-glycolide (PLGA) is difficult due to their biodegrada-
tion, accompanied by the release of degradation products such as lactic acid [141]. It is
also known that the rigidity of PEG-based gels and the cross-linking density of their con-
stituent polymers greatly influence the growth, morphology, proliferation, and migration of
cells [41,93,136].

Synthetic scaffolds for 3D culturing of cells in vitro are created based not only on
hydrogels but also on PLGA or PLGA-PEG polymer nanofibers [41]. Nanofibers are
produced by various methods, such as electrogrinding, phase separation, and self-assembly,
and can have different chemical and mechanical properties, including diameter, length,
and porosity [94,142]. Being randomly arranged, they create a thin sheet. Nanofiber-based
scaffolds have several significant advantages over hydrogel-based scaffolds. Nanofibers
not only form the basis for the extracellular matrix but also provide cancer cells with
the necessary topographic conditions for the formation of 3D cultures. In addition, the
resulting tumor cell cultures are easy to visualize. These advantages can make nanofiber-
based scaffolds convenient and effective tools for testing various drugs [41].

5.2. Organoid Structures

Organoids are a recent advance in 3D modeling of tumors in vitro and are quite
different from spheroids [24]. They are represented by complex clusters of cells specific to
organs such as the stomach, liver, bladder, and intestine [80]. Organoids are composed of
stem or progenitor cells and self-organize when provided with an extracellular scaffolding
environment. Given the right conditions, organoids grow into microscopic versions of their
parent organs, mimicking their architecture, functionality, and genetic features [143,144].
Organoid cultures are derived from adult stem cells, endothelial stem cells, and induced
pluripotent stem cells.
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The first organoid cultures were obtained from adult stem cells [80]. A method for
obtaining colorectal cancer organoid cultures was first developed by Sato et al. [145]. The
researchers selected long-term culturing conditions for individual intestinal crypts or single
stem cells containing leucine-rich repeats in G protein-coupled receptors (LGR5+) obtained
from the mouse small intestine. The use of growth factors and a scaffold that mimics the
in vivo environment of stem cells allowed them to obtain unlimitedly growing organotypic,
highly polarized epithelial structures with proliferative crypts and differentiated villous
compartments from a single stem cell [145,146]. The developed protocol was subsequently
used to grow healthy colon, liver, pancreas, and prostate tissues, as well as malignant tissues,
which allowed them to study oncogenic mutations in patients in vitro [95–97,139,145].

Tumor organoids can be generated from induced pluripotent stem cells [80]. The
development of this method for generating tumor organoids relies on the CRISPR/Cas9
genome editing method, which can induce desired oncogenic mutations in normal healthy
adult stem cells obtained from a patient [147]. In theory, epithelial cancer stem cells can be
reprogrammed to become pluripotent and used to generate tumor organoids [80]. However,
in practice, this task appears to be difficult since genetic and epigenetic abnormalities in
cancer can interfere with cell differentiation trajectories [148]. Some researchers believe that
it is more practical to generate tumor organoids directly from patient-derived cancer cells
without the intermediate step of inducing pluripotency [143].

A particularly important advantage of organoid cultures is their long-term preser-
vation of phenotypic and genetic similarity to the tumor epithelium of patients [149]. In
addition, organoids allow one to take into account the interactions of cancer cells with
stromal and immune cells and, therefore, are excellent models for testing new drugs
in vitro [143,150]. Organoids obtained from the tissues of cancer patients imitate the orga-
nization of the tumor in vivo at the histopathological, molecular, and functional levels and
can predict the drug response of patients to the treatment [151]. Organoid cultures can also
be used to analyze the mechanisms of drug resistance in tumors [24].

Despite significant advantages, organoid cultures have a number of disadvantages.
One of them is the difference in phenotypes of cultured organoids, which arises due to their
self-organizing structure and interferes with drug screening [24]. Various bioengineering
techniques are used to standardize the morphology of organoids, including cultivation
using various scaffolds [98]. Another important disadvantage of organoid cultures is
the growth rate, which can take several weeks [151,152]. In addition, organoids cannot
fully replicate the complexity of a tumor in vivo since they lack a number of epithelial
components, tumor stroma, and microbiome [153].

The possibility of organoid cryopreservation has led to the development of living
biobanks of organoids from healthy and tumor tissues [80]. A biobank of organoids from
20 patients with colorectal cancer was created by van de Wetering et al. and contains both
tumor organoids and organoids from adjacent healthy tissues [154]. This biobank allows
for the study of oncogenic genetic diversity in colorectal cancer and for high-throughput
screening of drugs used to identify the relationship between tumor genotype and drug
efficacy, which is especially important for the development of targeted drugs aimed at a
specific patient, i.e., for personalized medicine [80].

6. Microfluidic Systems for Colorectal Cancer Research
The next step towards bringing cell cultures and in vivo systems closer together is

the creation of the so-called “organ-on-a-chip” models. These systems are significantly
more complex than the approaches described above, but they allow for the reproduction of
biochemical and biophysical conditions, including vascularization [155–159].
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In the case of colorectal cancer, cells obtained from the corresponding tumor lines
or from patients are cultured in a microfluidic system [158–160]. Due to the inclusion of
physical forces and vascular components in the system, such models demonstrate greater
transcriptional similarity to the tumor tissue compared with 3D models [160,161] and allow
for a reduction in the number of animal studies [159]. Such features could improve the
predictive ability of models in the development of antitumor drugs, including within the
framework of personalized medicine approaches, and in studies of processes accompanying
tumor development, including metastasis [158,162]. However, the labor intensity of the
methods limits their application compared with the use of various colonospheres.

7. Conclusions and Future Perspectives
In recent years, cell technologies have been developed significantly, allowing us to

study various aspects of cellular existence, starting from monoclonal cultures, which
provide the opportunity to deeply investigate specific mechanisms, and ending with the
creation of organs-on-a-chip, which reproduce the influence of the microenvironment.
At the same time, it is not possible to unequivocally discard any of the approaches as
outdated and irrelevant. The increasing complexity of cellular systems brings their reactions
closer to a real organism. Moreover, the dramatic discrepancy between the reactions of
specific cell cultures in vitro and the real processes of multicellular organisms is becoming
increasingly obvious. It was repeatedly shown that it is the combination of factors and the
environment that determines the reactions of cells, including tumor cells, to external factors.
In the case of colorectal cancer, the nature of the reactions is also determined by the gut
microbiota in addition to the cellular heterogeneity of the “host”, tumor microenvironment,
and the specificity of CSCs [153,160,163]. However, bringing closer to a real organism
also elaborates research, which discards researchers back to the use of less “correct” but
fundamentally simpler systems for screening biologically active molecules, including the
use of artificially induced chemoresistant systems [164,165].

Thus, 3D systems provide more opportunities for studying CSCs, including colorectal
ones and developing new drugs targeting CSCs compared with 2D culture systems. Three-
dimensional colorectal cancer cell culturing is the most biologically representative tool
for studying CSCs and evaluating the efficacy of new drugs in vitro. Three-dimensional
systems open new prospects for studying oncogenesis and developing more effective drugs
and also reduce the number of animal studies.
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