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Abstract

Organoids are in vitro miniaturized and simplified model systems of organs that have
attracted a great deal of interest for cell therapy, personalized medicine, drug screening, and
the modelling of tissue development and treatment of different illness. Despite significant
progress in the cultivation of physiologically appropriate organoids, obstacles still stand
in the way of practical applications. Organoid systems are difficult to translate in part
because of the significant diversity of self-organizing growth and the limited experimental
and analytical access. Since ancient times, efforts have been attempted repeatedly to create
replicas of in vivo organs from their tissues or cells. Organoid technology as a whole has
only recently begun to systematically develop and has been demonstrated to be crucial in
tissue engineering. Induced and retrieved stem cells from a variety of organs have the ability
to self-organize to create three dimensional structures that are physically and functionally
equivalent to their in vivo counterparts. These organoid models offer a strong foundation for
understanding disease modeling, drug candidate screening, and development mechanisms.
In this review it has been describe the developments to produce different organoids of
tissues as well as their shortcomings and potential applications in tissue engineering.
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medicine and model

Introduction

Organoids are defined as 3D-structured in vitro biological
complexes that contain one or more cell types and that only partially
reproduce the form and function of their in vivo counterparts.
Organoid technology began to emerge in the 1970s, when James
G. Rheinwald and Howard Green produced the stratified squamous
epithelial colonies that served as the foundation for the in vitro creation
of 3D structures. Later, the substantial developments in extracellular
biology and suspension culture technologies opened the door for the
continued advancement of organoid technology. Dr. Hans Clevers’
team announced in 2009 that an intestine organoid could be created
from a single inte stinal stem cell without the need for a mesenchymal
niche.! This achievement is a whirling position was an account of
organoid technology, stimulating the consequent creation of major 3D
arrangement similar to numerous new organs in ectoderm, mesoderm,
and endoderm.'”

Organoid forms three dimensional structure develop from the
primary tissues and cells. They can survive for longer duration with
their cellular complexity and the 3D structure. It has been found
from research that organoids can divide into tiny amount of tissues.
To examine a physilologic and pathologic conditions many organs
are developed from murine and human organoids. Basically, they
are obtained from the stem cells which further divide by forming a
huge number of types of cells and act as progeny.* However, various
scientists had work on this to maintain proper environment for making
stem cells which helps them in self-organizing in genetics, making
tiny structures also known as miniature organs from other cells types.
The size of organoids varies from 5Smm to less than width of hairs.
Organoids are of different types because they form various types of
tissues and organs in body. Pluripotent stem cells (PSCs) are also
derived from organoids which are obtained from embryo. In the early
stage of organogenesis, embryonic tissue evolutes into traditional re-
aggregation experiments showing that the progenitor cells divides into
forming its own three dimensional structure. Now, a day’s many new
technologies have been developed for exogenous tissue patterning
involving growth factors that shows varieties of cell identities for

progressing the movement of cell and creating the 3D tissue.’ Adult
stem cells (ASC) are also created from the organoids which forms
sometimes in single ASC or the ASC consisting of various tissue units.

They are directly derived from the adult tissues. Many factors are
involved for the growth of culture media, which helps in controlling
the signaling at the stage of tissue homeostatic in normal condition.
They have the characteristics of human tissues as they are obtained
from humans. Preclinical models possess the barrier for the treatment
of human disease. IPSC chronology removes the ethical concerns by
using hESCs.?
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Figure | Application of organoids.

In order to study organ formation, adult tissue homeostasis,
regeneration, disease manifestation, and potential treatments,
organoids are useful research tools.® Organoids can now be produced
in vitro using recent technical developments in the stem cell field that
are similar to complete organs. The majority of these methods make
use of three-dimensional (3D) culture techniques that enable cells
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produced from stem cells or tissue progenitors to auto arrange in three
dimensional configuration. These systems developed from traditional
reaggregation experiments, which demonstrated that separated cells
from embryonic organs could reassemble and recreate the original
organ architecture. Organoids offer enormous opportunities for
development of tissue which can help in the treatment o different type
of diseases.’

Current organoid technologies are as follows

1. The ectoderm organoids: The outermost layer of the embryo is
known as the ectoderm and it has been utilized to development
of brain and skin nerve tissues.

2. The mesoderm organoids — It is used for the development of
muscle, skin, gonad, and heart, kidney and blood vessel.

I. Oesophagus and lung organoids
II. Liver and pancreatic organoids
III.  Stomach organoids
IV. Small intestinal and colon organoids
V. Prostate organoids.

Because distinct endoderm organs develop similarly to one
another, substantial research has been done on organoid models for
endoderm tissues. The establishment of organoid culture conditions
that might work for other tissue engineering technologies was made
possible by this commonality.”

Various organoids model
Organoids model in patient

For basic and translational research, patient organoid model shows
effective tool. 57 N- glycans make 10 models across 50-94%. By
examining the patient’s plasma samples, chronic pancreatitis, the four
EV proteins shows the biomarkers for PDAC.

Liver disease model

It is also known as Human Pluripotent stem cell .Albumin and
cytokeratin 7 expression divides into hepatocytes and cholangiocytes.
By incubating the organoids in free fatty acid causes structural
changes same as non-alcoholic fatty liver disease.>’

Intestinal organoid modeling culture

Modern intestinal organoid consists of 8 components namely
LDN193189, VPA, EPZ6438 AND R-Spondin 1 conditioned medium,
same as gut epithelium regeneration shows hyperplasic .In vivo stem
cells shows single-cell RNA sequencing which regenerates stem cell
populations.®

Human disease modeling and living biobanks

The use of human organoids in disease modelling is one of their
main uses. Through them, individualized treatments, such as cell and
organ replacement therapies, are tested for specific diseases through
drug/genome screening and the formation of living biobanks. Between
clinical practice and translational medicine, living biobanks are
crucial. Human organoid biobanks have a lot of potential for creating
live biobanks because they can collect and preserve functional tissues
for a very long time, as opposed to traditional biobanks. Disease
modelling has faced several difficulties because it is a fresh topic to
create a model for an organ-specific disease.>>’
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Therapeutic potential and application of organoids
Organoids in biomedical research

Undifferentiated stem cells have the capacity to reassemble and
reproduce the organ’s structural makeup. In order to create organoids
for biomedical research, they are used. Organoid models are important
tool in tissue engineering for restoration, regeneration, or replacement
of damaged organs/tissues.!° Organoids are currently used in the
investigation of human disease and development. Organoid systems
are also helping personalized and regenerative medicine advance.
Compared to conventional animal models, organoids, which are
produced from human stem cells or induced pluripotent stem cells,
offer the genetic and physiological similarities needed for improved
modelling of human development and disease.'® Organoids are
currently being employed in biomedical research to:

I. Examine tissue morphogenesis and organ development.
II. Model diseases.
III. Test drug sensitivity and toxicity.
IV. Potentially create complicated transplantable tissues.

Organoid systems that replicate organs like the heart and lungs
may one day be created from successfully generated organoids of
the colon, liver, kidney, and brain. By using organoids, which only
need a minimal number of cells to generate a wide variety of tissue
types, the modelling of human development and disease is improved.
Pure cultures of particular tissue types can be used to efficiently
control experiments, and advancements in bioengineering enable the
production of precise models that accurately captures complicated
relationships. Organoid technology could be used to create tumor
biobanks or replicate the development of tumors in cancer tissue
engineering. The putative driver genes involved in tumor growth in
brain can be used as an experimental model by developing brain tissue
in culture media with the help of CRISPRCas9 gene.!!

It was discovered that liver organoids were an effective tool for
researching liver steatohepatitis. Chemical probes could be used in
3D stomach organoids to better understand the crucial shift from
the mitotic to central spindle.!“!> According to research by Anahita
Amiri and colleagues, cerebral cortical organoids made from hPSCs
can represent the dynamic process of human cortical development
as well as the changes in transcriptome and epigenome that occur
throughout cortical development. These cerebral cortex organoids
from human pluripotent stem cells were also employed to examine
the differentially active genes and enhancers during the transition of
stem cells to progenitors.'?

Organoids as regenerative medicine

For developing human diseases it is need to explain the very
important scientific questions in which organoid models plays as
an important tool in tissue engineering for replacement of damaged
organs, regeneration and restoration. Some important applications
of organoids are given below. During the process of regenerative
medicine diseased cells, replaced, repaired, tissues or organs. Many
stem cells are obtained from 2D and 3D with a collection of organ
specific cells showing self-organization, expansion, high degree of
genetic stability and differentiation capacity. For longer duration,
organoids proven to be for sustaining the features and functions of
regenerative medicine.'?
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Organoids as model for cancer

Organoids are used in drug testing, various organ-specific
diseases, and dynamic development. Cancer cells organoids are
the types of tumoroids used for the treatment of cancer. There are
also used for developing tumor biobanks, cancer tissue engineering,
modeling the tumor formation process. In the treatment of cancer, the
radiation therapy affects the cellular responses which are detected by
organoids.' The models of organoids are used for esophagal cancer,
colorectal cancer, pancreatic cancer, liver cancer, prostate cancer.'”
The growth factor of in-vitro shows the possibility of hair follicle by
using primary cells developing from embryonic skin. This model is
further used for studying the mechanism of hair follicle by increasing
the hair growth, modeling skin diseases.'> Human Lung Organoids are
developed by manipulating signal pathways (HLOs).

They consist epithelial and mesenchymal lung compartments
showing similarity with native lung, basal cells, myofibroblasts,
smooth muscles and immature ciliated cells .The RNA sequencing
shows global transcriptional profiles same as human felt lung showing
the excellent model for studying human lung.” The study of human
brain has shown many brain disorders in in viro model for the
development. Cerebral cortex produces mature cortical neuron. RNA
and patient specific iPS cells show difficulty disorder for replicating
in mice. It reveals all the premature neuronal differentiation in patient
Organoids."* Fovea initiate is a specialized region of retina forms
cone photoreceptors with high defined vision in humans and non-
humans. FoveaL cone death is the major cause of central blindness.
The 3D retinal organoids which is also known as retinal organoids
(ROs) developed from Liver cell proves to be effective for treating
modeling and other diseases. RO cones shows a good wavelength
specific light which are strong graded.'® The tissue stem cells also act
as lung alveolar epithelia; type II (ATZ) cells sometimes lacks in the
models for studying human AT?2 cells. To prevent this, method had
been developed for making and maintaining alveolar organoids (AOs)
consisting of alveolar stem cells developing from Liver cells. AOs
show good effects in toxicity studies relocating the AT2-cell-specific
phenotypes.'’

Human disease modeling and living bio-banks

The use of human organoids in disease modeling is one of their
main uses. Through them, individualized treatments, such as cell and
organ replacement therapies, are tested for specific diseases through
drug/genome screening and the formation of living biobanks. Between
clinical practice and translational medicine, living biobanks are
crucial. Human organoid biobanks have a lot of potential for creating
live biobanks because they can collect and preserve functional tissues
for a very long time, as opposed to traditional biobanks. Disease
modeling has faced several difficulties because it is a fresh topic to
create a model for an organ-specific disease.> %!

Application in tissue engineering

Undifferentiated stem cells have the capacity to reassemble and
reproduce the organ’s structural makeup. In order to create organoids
for biomedical research, they are used. Organoids are currently used
in the investigation of human disease and development. Organoid
systems are also helping personalized and regenerative medicine
advance.

Endoderm organoids utilized to simulate human diseases and shed
light on important scientific questions. The in vivo organs can be
somewhat mimicked by a variety of previously created organoids in
vitro, and these created organoids can be used to represent particular
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processes in dynamic development, a variety of organ-specific
disorders, human cancer, and drug testing.

Cerebral cortex organoids created from hPSCs could be used to
replicate the dynamic process of human cortical development as well
as to display changes in the transcriptome and epigenome over the
course of cortical development.

I. The growth of molecular analysis has helped organoid technology
and will, in turn, assist understand molecular mechanisms more
thoroughly.

II. It can be used in research on conditions or diseases affecting
other organs.

III. Brain organoids could be used to represent psychiatric illnesses
and ZIKV infection.'®

IV. Organoids of the kidney were created for the individualized
disease modeling of polycystic kidney disease, cystic fibrosis,

and BK virus infection.

V. A function for blood vessel organoids in the modelling of
diabetic vasculopathy

VI. Helicobacter pylori infection was made possible by gastric
organoids.
VII. To simulate lung disease, respiratory syncytial virus infection of
lung organoids is a possibility.
VIII. The ability to research hepatic steatohepatitis with liver
organoids has been demonstrated.
IX. Chemical probes in 3D stomach organoids could shed light on

the crucial shift from the mitotic spindle to the central spindle
prior to the start of anaphase.

X. Organoid technology could also be used to create tumor
biobanks or mimic the development of tumors in order to create
cancer tissue engineering.

XI. The created organoids will provide new and exciting prospects
for disease modelling and medication screening as well as
contribute to future study on the mechanisms behind organ

formation.

Human stem cells or induced pluripotent stem cells shows
the same physiologic and genetic similarities as compared to
conventional animal models for improvement of disease and human
growth. Endoderm organoids those are indisputable. The definitive
endoderm eventually transforms into the foregut, midget, and hindgut
during embryonic development.”” The pancreas, thyroid, esophagus,
trachea, stomach, lung, liver, and biliary system are also produced
in the foregut.*® The small intestine develops in the midgut, while
the colon matures in the hindgut. The small intestine develops in the
midgut, while the colon develops in the hindgut. The organoid culture
systems of numerous endoderm-derived organs, such as the thyroid,”
lungs development,??* stomach development,” " liver development
and colon development.?$-3

Amiri et al., (2018) developed hPSC-derived cerebral cortical
organoids models for the development of human cortical and it was
utilized for the investigation of various active genes and can act to
enhance the stem cell to progenitor’s transition.! Kidney organoids
have been found to be used for various personalized disease models,
like polycystic kidney disease, BK virus infection, and cystic fibrosis.
3D kidney organoids prepared commencing directed discrimination of
pluripotent stem cells (PSCs) encompassing of numerous cell category
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of kidney. They possess the a range of noteworthy hierarchical
association intensity having nephron-like structures and appropriate
vascularization. The economical techniques have been developed for
growing kidney organoids in the media using hiPSCs oganoids.?!*

Liver tissue organoids are established from various induced
pluripotent stem cells, hepatoblasts, embryonic stem cells and other
tissue-derived cells, which will help in understanding of this complex
organ. Lee et al. have explained the development of various liver
model systems with their limitations and how they can be overcome.
They have reported the 3D biomimetic liver models can be appropriate
model and can found its promising biomedical applications and to
study liver steatohepatitis.’>** The 3D gastric organoids application
could be very helpful and can provide the key conversion from the
mitotic spindle to the central spindle before anaphase onset. Also,
gastric organoids provide the platform for infection caused by
Helicobacter pylori.>*3¢

Conclusion

Research in organoids is now an emerging and rapidly growing
topic finding its utility and potential in the field of tissue engineering. It
has become as one of the hottest topic in the field of science to clinical
appliance, connecting drug selection, toxicology, and a variety of
models development like tumor models for cancer identification and
in an assortment of models in human organ expansion for the treatment
of diseases. In fact, organoids technologies are now providing the
benefit from molecular analyses, which is helping in elucidation of
the molecular mechanism. The various organoids technologies can be
exploited in the studies of various disease and organs.
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