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Abstract Because of sample availability and ethical considerations, the biology
of human tissues and organs is challenging to research. However, advancements in
stem cell culture make it feasible to generate in vitro three-dimension (3D) tissue that
exhibits some of the genuine organoids’ main multicellular, anatomical, and even
functional properties. Organoids offer a wide range of uses in fundamental research,
drug discovery, and regenerative medicine since they may simulate organ develop-
ment and illness. Although organoids have some shortcomings in their application,
they hold great potential in the future for clinical applications. Methods: For the
selection of literature cited, we used the Pubmed database. The keywords used in
the MEDLINE research were: organoid, stem cells, disease modelling, 3D culturing.
Results: Pluripotent stem cells [(embryonic stem cells (ESCs) or induced pluripotent
stem cells (iPSCs)], neonatal or adult stem/progenitor cells produced in vitro can be
used to make organoids. Organoids can be used to stimulate development, home-
ostasis, regeneration, disease modelling, drug screening and testing, personalised
medicine, and regenerative medicine, among other things. Conclusion: Organoids
are 3D in vitro tissues with some of the major multicellular, anatomical, and even
functional features of real organs, and because of these characteristics, they have been
applied in various fields. Despite some drawbacks, organoids hold great potential in
the future for further clinical applications.
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Introduction

Initially, the theory of human organs’ development and function was mostly specula-
tion because most human tissues were inaccessible for research. This understanding
of the development and function of human organs has only improved significantly
in the last century [1]. This improvement is mainly due to discovering research
subjects ranging from Drosophila fruit flies, C. elegans worms to research models
of vertebrates such as mice and zebrafish [2]. Although these research models have
brought about significant improvements, there are differences between animals and
humans that cause studies’ failure to develop effective therapies. Over the decades,
developing ex vivo human models has been extremely difficult to deal with due to
the accessibility of tissue samples and related ethical issues [2, 3]. Breakthroughs in
stem cell culture have enabled the creation of in vitro 3D tissues known as organoids,
which have many of the main multicellular, anatomical, and even functional charac-
teristics of true organs [3]. As the name suggests, an organoid means a structure that
resembles an organ. Organoids are composed of several organ-specific cell types, can
recapitulate several organ-specific functions (e.g. excretion, filtration, neural activity,
contraction), and are grouped and arranged spatially organised similar to an organ
[4]. The term ‘organoid’ has a broad definition. It has been used to describe many
forms of in vitro cultures, ranging from tissue explants to organ-on-chip systems
[3]. Here, organoids are defined as 3D structures derived from pluripotent stem cells
[(embryonic stem cells (ESCs) or induced pluripotent stem cells (iPSCs], neonatal or
adult stem/progenitor cells grown in vitro, in which the cell spontaneously organised
itself into a properly differentiated functional cell type and recapitulates at least some
organ function [2, 5, 6].

Deriving Organoids

The key aspects of organoid formation are self-assembly and differentiation [2]. It
usually entails the self-organisation of a somewhat homogenous cell population [3].
Even in the presence of a homogeneous signalling environment, a cellular system
that lacks an ordered structure can be spatially reorganised by system-autonomous
mechanisms. Self-organisation is the process responsible for this. Conceptually,
the process of self-organisation may be split into two parts: self-patterning events
and morphogenetic rearrangements [7]. Self-patterning is described as the devel-
opment of cell differentiation patterns in an originally homogenous system due to
system-autonomous processes and intracellular communication [7, 8]. The interplay
between several different mechanisms has been proposed, and it includes reaction-
diffusion mechanisms [9], bistabilities of regulatory networks [10], and asymmetric
cell division [7].

On the other hand, Morphogenetic rearrangement is the sorting of various cell
types within tissue and the higher-level reorganisation of the system’s architecture.
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Differences in cell adhesion, cortical tension and/or contractility, and cell motility,
which facilitates cell sorting, all play a role in the physical contact between various
cell types [7, 11]. The system-intrinsic mechanics caused by cell shape changes,
cell contraction, cell movement, or differential tissue expansion keeps architectural
rearrangements in place [7]. The recapitulation of this process influenced the success
in organoid derivation. Besides, it is also influenced by the physical characteristics
of the cultural environment; requirements for system autonomous (i.e., endogenous)
and/or exogenous signals; and initial cell types and system conditions, which will be
explained in further following paragraphs.

Physical Properties of the Culture Environment

To promote the 3D characteristics of organoids, the solid extracellular matrix (ECM)
that support cell growth and cell adherence can be used. The most widely used matrix
for 3D organoid derivation is Matrigel, a natural ECM purified from Engelbreth-
Holm-Swarm rat sarcoma [3]. Some examples of organoids that have been success-
fully made using Matrigel or similar animal-derived hydrogels that mimic the base-
ment membrane include intestinal, cerebral [12], gastric [13], and mammary gland
organoids [3]. Although rare, organoids derivation of the mammary glands and
intestines can use a type I collagen matrix [14, 15]. This natural matrix’s unique
combination of ECM components and growth factors promotes effective cell devel-
opment and differentiation. However, the diversity and complexity of these composi-
tions makes controlling the cultural milieu challenging and reduces repeatability. To
address this, a hydrogel was recently created to sustain intestinal and brain organoid
cultures, allowing the metabolic and environmental processes of the culture to be
regulated [16, 17]. But they are inherently less bioactive and need to be adapted to
the specific requirements of different organoids.

One strategy used to generate optic cup [18], cerebral, cerebellar [19], and
hippocampal organoids are the culture of 3D cell aggregates in suspension [20].
The suspension culture method does not employ solid scaffolding for cell embed-
ding to encourage the development of polarised epithelial structures. Low quantities
of Matrigel may be applied in some situations [3, 18].

Renal organoids may be created utilising the air-liquid interface technique, which
involves the growth of cells in the form of pellets on a thin porous membrane with
the cell culture medium only on the basal side of the membrane [21, 22]. The cell
pellets then self-organise into a multilayered structure similar to the original kidney’s
microarchitecture.

The utilisation of particular organoid derivation techniques is currently mostly
empirical. There is a dearth of systematic comparison of different procedures for
obtaining certain organoids, making it impossible to understand each technique’s
relative strengths, limitations, and uses [3].
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Endogenous and Exogenous Signals

Organoids are generated due to the appropriate developmental signalling pathway
being activated and are mostly derived from an initial cell population exposed to
certain morphogens at a specific moment in time. If all of the required components are
present in the system, these signals can cause self-organisation. Exogenous provision
of missing components is required [3].

Some organoids rely nearly completely on endogenous cues to develop. Mouse
optic cup organoids generated from mouse PSCs, for example, were collected and
grown in a serum-free medium with low growth factor levels. These circumstances
promote the development of homogenous neuroepithelium (NE), after which a self-
patterning mechanism determines the spatially distinct domains of the neural retina
(NR) and retinal pigmented epithelium (RPE). Then, even if no external signal is
supplied, morphogenesis can proceed since the starting cell population already has
all the components required to arrange itself into an optic cup.

Although the mouse optic cup organoid is nearly entirely reliant on endoge-
nous signalling, most organoid derivation procedures need the addition of particular
exogenous signals since the original cellular system lacks all of the necessary compo-
nents for the intended self-organisation process. In other situations, the exogenous
signal is only necessary for the initial cell type to be induced and the remaining self-
organising processes to be carried out using the system’s autonomous signal. Human
PSCs (hPSCs), for example, must be exogenously activated with particular growth
factors to generate a mixed population of ureteric epithelial cells and metanephric
mesenchyme. The cell population will then arrange themselves into kidney organoids
without adding any additional substances to the medium [3, 21, 23].

Many organoid cellular systems, such as stomach organoids generated from hPSC,
require stimulation by an appropriate and particular exogenous signal during the
derivation process. An exogenously provided factor is necessary to drive definitive
hPSC-derived endoderm cells to the posterior foregut destiny [13]. Exogenous stim-
ulation is necessary to control the development, morphogenesis, and differentiation
of the cells into functional gastric cell types and to guide them to form the antral or
fundic gastric epithelium [13, 24].

Cell Sources, Starting Cell Type, and Initial Culture Condition

The cell source for organoid formation (Fig. 1.1) can be derived from primary tissue
or differentiated from pluripotent stem cells, such as embryonic stem cells (ESC)
or induced pluripotent stem cells (iPSCs) [3, 25]. iPSCs are easy to obtain and
individual-specific. ESC and iPSC can differentiate into almost any type of body
tissue [25]. When trying to mimic the complexity of native tissue, the heterogeneity
of cell types produced in organoid cultures derived from pluripotent stem cells can
be an advantage [24, 26, 27]. However, the unintended heterogeneity of the culture
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Fig. 1.1 The cell source for organoid derivations

of pluripotent stem cell strains and incomplete knowledge of specific differentia-
tion signals can have unintended consequences for the resulting organoid [25]. This
is shown in single-cell transcriptomic studies that iPSC-derived and ESC-derived
kidney organoids comprise 10-20% of non-kidney cells, such as brain and muscle
cells [28]. Also, organoids derived from pluripotent stem cells may exhibit a gene
expression pattern more reminiscent of fetal tissue than from their adult counterparts
[13, 29, 30].

In terms of the starting condition of the cell population, the methods utilised in
the generation of distinct organoids differ. Depending on the starting circumstances
of the cell population, some cells go through all of the self-organisation processes,
while others just go through a subset of them. Self-organisation of the cell popu-
lation requires symmetry-breaking and subsequent patterning to generate spatially
distinct domains of the multiple cell types in organoids derived from a single cell type
(such as the optic cup or small intestine organoids). The patterned structure is then
morphogenetically rearranged to produce the final organoid architecture. In general,
beginning from a single cell, organoid derivation methods need an initial stage of cell
growth before self-organisation can occur [3]. Some methods call for co-culturing of
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cell types that have been pre-differentiated independently (for example, PSC-derived
liver organoids) [31]. This protocol has mainly established several cell identities. As
a result, self-organisation mostly includes cell sorting and subsequent architectural
rearrangements.

In addition, the starting circumstances of the cell population will have an impact on
the use of organoids as a biological model system. Organoids created by co-culture of
individually specified cell types, for example, are less instructive for understanding
organogenesis than models in which diverse cell types are grown concurrently. As a
result, it is more appropriate to examine the transitory developmental interactions that
might occur between distinct progenitors during organoid creation [3]. The starting
cell type also influences the characteristics of the final organoid produced. Organoids
can be cultured from ASCs (either as isolated cells or from dissected tissue frag-
ments), PSCs [12, 13], or fetal progenitor cells [32, 33]. Neuroectodermal organoids,
such as the optic cup and cerebral organoids, and mesodermal renal organoids have
been derived only from the PSC [3]. In contrast, organoids from surface ectoderm
lineages (especially glandular tissue) are predominantly derived from ASCs or disso-
ciated adult tissue [14, 34, 35]. Most of the endodermal lineage organoids originate
from PSCs and ASCs [3].

Different cell types emerge at distinct phases of development and take different
paths. As a result, while investigating the factors behind organoid development,
choosing the starting cell population is critical. ASCs or adult tissue fragments
cultured are thought to create organoids that replicate their original tissue’s homeo-
static or regenerative circumstances. Thus, stem cells derived from organs with a high
renewal rate, such as the epithelium of the small intestine, colon [36] or stomach [37],
generate organoids that mimic the homeostatic role of these cells in vivo. Organoids
produced from slow turnover tissue, such as the pancreas or liver, in which endoge-
nous stem cells and/or progenitors may play a role only the following damage, on
the other hand, are regarded as genuine regeneration models [38, 39].

As previously stated, ASC-derived organoids can help researchers address
concerns regarding the biology of adult tissues. PSC-derived organoids are primarily
utilised to research organogenesis and tissue development [3]. PSC-derived organoids
seldom reach the mature tissue stage in vitro. They usually resemble foetal tissue
[13]. The restricted development of PSC-derived organoids is most likely owing to
progression to more mature cell types, which necessitate continuous culture for a
period of time that typically surpasses the capability of the actual culture methods
[40]. The several organoids that may be produced from PSCs and the developmental
signals [41] are shown in Fig. 1.2.

Next is the embryonic organoid system, which is also called ‘embryoids’ or
‘gastruloids’. These organoids mimic in a very simple way pre-implantation [42]
and early post-implantation embryo development [43—45], body axis formation [46,
47], gastrulation [46-52], and neural tube development [53, 54]. Unlike classical
organoids, which usually consist of a limited subset of cell types from one germ
layer, embryonic organoids contain cells from several germ layers, as in real embryos.
These organoids can be used to build a complete development model in vitro and
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Fig. 1.2 Various organoids that can be grown from PSCs and the developmental signals that are
used (Reproduced from [41])

to study the complex interactions between different cell types in the development
process [3].

Finally, organoids start directly from the fetal tissue (between the ASC and
PSC stages), fetal progenitor-derived organoids [32, 33]. Compared to PSC-derived
organoids, fetal organoids can be used to study advanced organogenesis, for example,
as has been done to study the enterosphere maturation of fetal intestinal progenitors
[32].

Applications of Organoids

The Use of Organoids as Models for Development,
Homeostasis, and Regeneration

In fundamental research, organoids can be utilised to better understand development,
homeostasis, and regeneration principles. As simplified and conveniently accessible’
minimal systems,” Organoids can recreate in vitro some organ biology principles and
differentiate the relative contributions of distinct tissue components to complicated
morphogenetic processes [3]. Organoids have helped to better understand organo-
genesis, human development, and adult organ biology due to their ease of access.
Organoid cultures can be used to investigate the similarities and differences in the
development of humans and other animals. This is critical for understanding human
brain development and congenital disorders [2].
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The Use of Organoids for Disease Modelling

One of the great potential applications of the organoid model is to analyse human-
specific disease mechanisms [2]. Compared to the traditional cell culture of the
single-cell type, organoid culture as a disease model can mimic pathology at the
organ level [3]. Organoids have been used for modelling various diseases such as
genetic diseases [12, 55, 56], diseases involving host-pathogen interactions, and even
cancer. This proves that organoids are capable of reproducing certain well-known
pathological features. For example, microinjection of the bacterium Helicobacter
pylori into human gastric organoids reproduces the typical signs of this bacterial
infection [13, 37]. This model is particularly relevant because species-specific gastric
characteristics make animal models unsuitable for studying the pathology of the
human stomach. H. pylori infection in mice does not develop into ulceration and
cancer as in humans [37]. In essence, organoids have been used to study congenital
and acquired diseases. The following are some of the diseases that have been studied
using organoids.

Congenital Diseases

The first human disease to be mimicked using organoids was cystic fibrosis (CF).
Mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) chlo-
ride channel, usually expressed on the epithelium of numerous organs, cause this
disease [57]. Surface expression of CFTR was missing in iPS-derived lung organoids
from CF patients to replicate the in vivo condition in CF [58]. Dekkers and colleagues
developed intestinal organoids from CF patients that may imitate the disease in vitro.
They developed a swelling experiment in which wild-type organoids respond to
cAMP stimulation by importing fluid into the lumen and swelling, but CF organoids
do not [55]. This technique is effective for detecting responders to CFTR modula-
tors and has a high predictive value. The Verma lab generated iPS cells from CF
patients and utilised CRISPR/Cas9 to repair the mutation. The repaired iPS cells
were subsequently converted into mature airway epithelial cells, exhibiting normal
CFTR function [59].

Primary microcephaly, a genetic disorder induced by CDK5SRAP2 mutations, is
another congenital ailment investigated with organoids [12]. The brain organoids
derived from patient-derived iPSCs were much smaller and the individual cortical
regions were primarily hypoplastic. A series of observations and specific examina-
tions of the orientation of the mitotic spindle during progenitor division revealed that
the patient’s neural stem cells began to divide asymmetrically and generate neurons
prematurely, leading to depletion of the progenitor pool ultimately the decline of
overall neurons. Because mice could not properly reproduce the amount of brain
shrinkage found in humans, the organoids showed morphological abnormalities that
could only be detected in this human-specific model system [57]. Organoids can also
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be used to simulate idiopathic autism spectrum disease (ASD). Mariani et al. gener-
ated iPSC lines from four autistic individuals and four unaffected controls. These
were produced first as 3D aggregates, then rosettes were plated. The rosettes were
then separated and regrown as 3D aggregates to produce forebrain organoids [60, 61].
Although probands and controls were usually fairly comparable, the ASD organoids
had more inhibitory interneurons due to elevated FoxG1, an essential component in
forebrain patterning [57].

Acquired Diseases

Apart from modelling the inherited conditions of patient stem cells carrying genetic
mutations, organoids can also be used to model acquired diseases such as acquired
mutations as in the case of cancer and diseases caused by infectious agents. Organoids
can be used to model lung [62], stomach [37, 63, 64], liver [65, 66], pancreatic [66—
68], colon [36, 63], Van [69], prostate [70], endometrial [71], breast [72], bladder
[73, 74], esophageal [36, 75], and brain cancers [76]. These organoids come from
tissue resection, biopsy or even circulating tumor cells. Cancer-derived organoids
are more likely to retain the genetic and phenotypic features of the original tumor.
In this respect, they resemble patient-derived xenografts, but have the advantages
of a higher success rate, can be easily expanded in vitro, and can be used for drug
screening [77, 78].

Organoids have shown to be a useful model for investigating infectious illnesses
and the processes underlying human-specific infectious agents [57]. Models of Heli-
cobacter pylori infection have been developed using gastric organoids [13, 37],
whereas influenza virus infection has been mimicked in vitro using pulmonary
organoids [79]. Human intestinal organoids can be used to spread coronaviruses
in vitro and have enabled the identification of the small intestine as an alternative
infection pathway for Middle East respiratory syndrome (MERS) coronaviruses,
which cause severe human respiratory infections [80]. With the recent outbreak of
the COVID-19 pandemic, substantial efforts have been undertaken to simulate and
understand the biology and pathophysiology of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection [81]. Several investigations utilising organoid
models generated from ASCs found that SARS-Cov-2 may infect enterocytes [82],
and they revealed that viral replication in enterocytes resulted in viral response gene
upregulation and the production of infectious viral particles. In human small intestine
enteroids, two mucosa-specific serine proteases, TMPRSS2 and TMPRSS4, facilitate
viral entrance and infection of enterocytes [83].
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The Use of Organoids in Drug Discovery and Personalised
Medicine

Disease-specific organoids are useful in identifying new biomarkers, personalise
drug testing, drug screening [3], or toxicology studies, and thus organoids will turn
personalised medicine into reality [2]. One of the uses of organoids for drug testing
that has been carried out is drug screening for the therapy of Zika virus infection
using cortical nerve progenitor cells derived from hPSC and validated parallel in
organoid and mouse models [84]. Organoids have also been used in testing drugs for
cystic fibrosis (CF), a genetic disease caused by defects in the CFTR gene. Intestinal
organoids derived from cystic fibrosis patients who carry CFTR mutations are an
example of organoids in personalised medicine [3, 85]. To find out whether existing
CF drugs can give a good response, screening is carried out using organoids from
patients with CFTR mutations to get the appropriate treatment [86].

Personalised medicine using organoids can also be applied in drug testing
for cancer. Organoids derived from various human tumours have demonstrated a
response spectrum of conventional and investigational drugs to date [87]. Based on
a retrospective cohort study, the patient-derived organoid (PDO) response to tested
therapy largely mimicked the initial response of these patients to the same agent
[73, 77, 88], [89] [90]. PDO also provides a model for drug development without
innate or acquired resistance, and it is particularly relevant in ovarian cancer PDOs
in the assessment of DNA repair pathways and the stability of the replication fork
[88]. Besides, PDO may also reflect a patient’s clinical response to a cytotoxic drug
having a narrow therapeutic index in vivo compared to many targeted agents by
demonstrating a relative sensitivity response to the cytotoxic drug [77] [89] [90].

Moreover, the creation of organoid biobanks for various pathologies is also very
promising. The organoid biobanks will facilitate a robust screening platform that
covers a wide variety of population genetics worldwide. With this organoid biobank,
most of the spectrum of CFTR mutations in cystic fibrosis and other diseases can
be covered [3]. Especially for cancer, a disease with a virtually unlimited number of
mutations, making this organoid biobank can be very useful [69, 91]. The creation of
cancer organoids can use neoplastic tissue directly or by using normal tissue, which
is then genetically modified [87]. Early attempts to create a tumouroid biobank have
been made for colon cancer, a very common cancer in humans [69, 91]. In the end, the
use of organoids can reduce the experimental animal for research which is following
the 3R principle.

The Use of Organoids in Regenerative Medicine

Organoids are a promising alternative in regenerative medicine [3]. Organoids that
have the potential to produce human 3D cultures that resemble specific organs have
opened up the possibility of using organoids as a source of cell therapy and as an
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alternative to whole organ transplants [2]. This concept has been proven through
experiments in animal models. An example is the transplantation of retinal sheets
derived from mouse embryonic stem cells (ESCs) or mouse iPSCs using a modified
optical cup organoid protocol in mice with retinal degeneration. The transplanted
tissue can give rise to mature photoreceptors and, in some cases, capable of forging
synaptic relationships with host cells [92] and restoring light responses [93]. The
same was observed in the retinal tissue produced from organoids cultured from human
ESCs. When transplanted into mouse and monkey models with retinal degeneration,
the resultant tissue can survive, develop, and integrate with the host tissue to some
extent [94]. Intestinal organoids derived from dissociated mouse colon epithelium
or single stem cells implanted into mice, for example, can repair colonic mucosal
damage to various degrees [95]. Animal models have also been used for liver [39,
56] and kidney [96] organoids transplant studies.

Also, organoids can be combined with novel genome-editing tools such as
CRISPR/Cas9 to correct affected genes and select appropriate clones before autolo-
gous transplantation [2, 3]. CRISPR-Cas9-mediated gene editing was used to correct
the most common CFTR mutation in CF. Phenylalanine removal at position 508 on
the ISC derived from the patient was then used to produce functional organoids [97].
Although autologous cell therapy transplantation is very promising in the field of
organoids, its efficacy, safety, and immunogenicity are still being evaluated [2].

Challenges, Limitations in the Application of Organoids,
and Bioengineering Approach to Overcome Limitations

The previously described organoids application is based on creating repeatable
organoids that are structurally and functionally comparable to actual organs and may
be utilised as appropriate replacements for in vivo research. The primary issue over
the next few decades will be bridging the gap with native organs. A frequent drawback
is the considerable phenotypic heterogeneity that can occur from all organoid genera-
tion procedures. The constraint in many applications is organoid-to-organoid repeata-
bility. This is especially true for translational investigations, such as drug screening,
where significant inherent variability may obscure treatment impact. Furthermore,
the cellular and architectural intricacy of each organ was reproduced with varying
degrees of precision. This is referred to as the organoid capacity to generate all sorts
of cells in a certain tissue as well as multiple organ tissues [3]. Intestinal organoids
produced from ASCs, for example, are entirely comprised of the intestinal epithe-
lium; nevertheless, intestinal mesenchyme can also emerge from the derivation of
intestinal organoids utilising PSCs [30]. Another important limitation is the low level
of maturity, especially for PSC-derived organoids, thus hindering their application
as a model for adult tissue biology [3]. Other disciplines can help overcome these
limitations and will be discussed in the following paragraphs.
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Approaches to Improve Organoid Maturity

The limited maturation of cells is the major drawback of PSC-derived organoids.
Usually, this type of organoid resembles fetal tissue more than adult tissue [13].
The limited lifespan of organoids can be one reason limiting their ability to reach
the next stage of development [3]. The limited lifespan of the organoids can be
caused because diffusion cannot supply all cells with sufficient nutrients to support
their continued development once a certain size is reached [98]. The use of biore-
actors that increase nutrient supply through constant culture spinning is a possible
solution to this problem. In tissue engineering, bioreactors are widely used to intro-
duce controlled change in culture conditions, standardisation, and enhancement of
tissue production for regenerative medicine [99]. Such bioreactors have successfully
extended the duration of brain organoid cultures from several months to 1 year and
produce structures more similar to those of the developing human brain [6].

Furthermore, to increase the lifespan of organoids, artificial vascular tissue can
also be used. Organoid vascularisation can distribute nutrients via capillaries, as
occurs in vivo [3]. Bioengineering approaches have been developed to produce
vascular tissue-like structures, namely sacrificial molds [100-102] and laser abla-
tion [103], which allow for creating channels in culture scaffolds that can accom-
modate endothelial cells and form vascular units that can be perfused. An alterna-
tive bioprinting method can be used to control the position of endothelial cells in
a 3D printed structure [104, 105]. Another technique used to improve the vascu-
larity of developing tissue is to incorporate endothelial cells or their progenitors
during organoid development. This method has been used effectively with liver
organoids. Human endothelial cells are grown with human mesenchymal stem cells
and liver endoderm cells generated from human iPSCs in this technique to form
self-organising liver buds with a microvascular network linked to host circulation
soon after transplantation into mice [31].

Another possibility of limited organoid maturation is the lack of specific factors
in the in vitro environment, so it cannot reach the expected maturation level [3]. For
example, sensory stimulation of brain organoids is needed for further maturation
to occur. This sensory stimulation contributes to the formation of neural circuits
in vivo. For human organoids, a longer culture time is required because it takes
longer to mature than mouse organoids at the same stage [18, 106].

Approaches to Improve Organoid Architecture

The organoid 3D microanatomy produced through self-organisation does resemble
an in vivo organ, but the overall architecture is different from the actual organ. A stem
cell culture scaffold with tissue-appropriate topography can be used to overcome this
so that the organoid architecture can be improved and the size can be increased [3].
Micro-collagen gels, for example, that replicate the unique crypt structure of the
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colonic epithelium have been utilised to cultivate a single layer of self-renewing
human colonic cells [107]. Organoid topology can be improved at the microscale
by precisely controlling the stem cell interactions and the surrounding ECM [3].
Matrigel, a naturally generated hydrogel matrix, is employed in the majority of
the matrices. Because they are ill-defined, have lot-to-lot variability, and do not
enable controlled alteration, these matrices are ineffective for directing organoid
morphogenesis, despite being very successful at stimulating cell proliferation and
self-organisation. This matrix also includes animal-derived goods, which are unsuit-
able for clinical usage due to the danger of transmitting immunogens and infections
[3]. Several synthetic and chemical hydrogels for 3D cell growth have been created
to address these constraints, with chemical and physical characteristics that may be
manipulated and tuned for specific uses [108, 109]. Cerebral organoids, for example,
have been implanted effectively in hyaluronan-based hydrogels [17], and neural
tube cysts have been produced in poly (ethylene glycol) (PEG)-based hydrogels [53,
54]. Recently, new hydrogel formulations with spatially and temporally modulable
biochemical and biophysical characteristics have been created [16, 110]. Controlling
how cells combine might potentially be used to expand control over the organoid’s
self-organisation. Positioning distinct cell types in conformations that skew cell-
type-specific spatial interactions, for example. Furthermore, by controlling diffuse
signalling molecules’ geographical and temporal distribution, organoid development
may be accelerated [3].

Approaches to Improve Disease Modelling

The primary drawback of organoids in disease modelling applications is their inability
to simulate multi-organ diseases. A co-culture approach can help to alleviate some
of this [3]. Intestinal organoids and hPSC-derived enteric neurons were used in early
attempts in this approach [111]. Furthermore, the present drug testing platform may
be improved by merging organoid cultures with organ-on-chip technology to build a
3D system that mimics the interaction between multiple organs. With this technique,
the advantages of both systems (the conventional basic organ-on-chip technology
and the high in vivo fidelity and functionality of organoids) may be merged [3].

Conclusion

Organoids are 3D in vitro tissues that exhibit some of the key multicellular, anatom-
ical, and even functional properties of actual organs, and they have been used in a
variety of disciplines due to these qualities. Despite certain limitations, organoids
have much potential for future therapeutic uses.
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