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Abstract

Neurodegenerative is diseases which occur with age but no therapeutic approach is efficient enough to inhibit
neurodegenerative progression which results from aging of the cells themselves. PSC is a stem cell which has
the potential to differentiate into various types of cells in the body. In the expansion process, PSC encountered
problems, one of the common obstacles. This research was conducted using a literature study method that aims
to obtain information about the appropriate differentiation method so that it can be used as an alternative
treatment for neurodegenerative disease in the future. The result showed that 3D technique is neuronal
differentiation technique that has a good output and can resemble the conditions of its development in vivo. The
use of growth factors such as FGF2, PDGF, IGF1, T3, FGF, EGF, and CNTF can also overcome the problem of
differentiation of several target cells in neurodegenerative therapy such as neurons, astrocytes, and
oligodendrocytes.
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Metodologi proses diferensiasi neuronal pluripotent stem cell in vitro
sebagai alternatif terapi penyakit neurodegeneratif

Abstrak

Penyakit neurodegeneratif merupakan salah satu penyakit yang muncul seiring dengan bertambahnya usia, tetapi
belum ada pendekatan efisien untuk menghambat kerusakan sel yang diakibatkan oleh sel itu sendiri. Pluripotent
Stem Cells (PSC) merupakan salah satu alternatif pendekatan terapi untuk menghambat progresi
neurodegeneratif, namun dalam proses ekspansinya PSC mengalami kendala pada teknik diferensiasinya yang
dianggap kurang optimal. Hasil pencarian di PubMed, Reasearch Guide, Elsevier menemukan 500 artikel terkait
Pluripotent Stem Cells (PSC). Dua puluh artikel memenuhi kriteria inklusi dan digunakan untuk literature
review ini. Hasil review menunjukan bahwa teknik 3D merupakan teknik diferensiasi neuron yang memiliki
output yang baik dan mampu menyerupai kondisi perkembangannya secara in vivo. Penggunaan faktor
pertumbuhan seperti FGF2, PDGF, IGF1, T3, FGF, EGF dan CNTF juga dapat mengatasi permasalahan
diferensiasi beberapa sel target dalam terapi neurodegeneratif seperti neuron, astrosit, serta oligodendrosit

Kata-kata Kunci : Neuronal stem cell; pluripotent stem cell; teknik diferensiasi

1. Introduction

Neurodegenerative disease is a disease that frequently appears with age. The development of this
disease can also be induced by genetic factors, tumors, stroke, physical trauma, viral infections, and
others. Several types of diseases that are grouped under this disease include Parkinson's disease,
Huntington's disease, Alzheimer's disease, amyotrophic lateral disease, Friedreich's ataxia, and spinal
muscular atrophy. This group of diseases is caused by a fundamental mechanism that causes changes
in the structure, function, and death of neurons (Hung et al., 2010). Although several mechanisms
related to this disease are identified, there is no pharmacological or surgical approach to neuronal
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therapy that is efficient enough to inhibit neurodegenerative progression caused by cell aging itself
(Sakthiswary & Raymond, 2012).

Stem cell technology is a new alternative that is being developed to regenerate neuron networks
in the brain. One method that allows for this therapy is to use adult stem cells derived from neuronal
progenitor cells, also known as adult Neuronal Stem Cells (NSC). However, the extraction of
progenitor neurons from brain tissue is not accessible enough and carries a high enough risk that it
creates problems in terms of bioethics (Yap et al., 2015).

Several researchers then developed alternative treatments using stem cell therapy to reduce the
risk of taking NSCs from brain tissue. Pluripotent Stem Cell (PSC) is a type of stem cell that has the
ability to differentiate into various types of cells. PSC is also a stem cell that was developed in the
study of tissue regeneration, especially neuronal tissue. However, in the expansion process, NSC
encountered several problems, one of which was the existing differentiation technique that was not
optimal. Existing literature discusses the role of autophagy in PSC differentiation, advantages and
disadvantages of traditional cell culture to 3D systems and their application to investigate
neurodegenerative diseases (Aurélie de Rus Jacquet, 2021; Chang et al., 2018; Jimenez-Moreno et al.,
2017; Slanzi et al., 2020). Recently, there is still a little research that focuses on the differentiation
technique of PSC. These problems make this literature study necessary, so that it can provide
alternative solutions in overcoming obstacles related to existing differentiation techniques.

2. Research Method

This study employed a descriptive analysis with a literature study method that focuses on the
biochemical and physical induction treatment method of neuron cell differentiation as well as the
main components that play a role in the differentiation process. Literature searches were performed
through several websites and sites such as Researchgate, Google Scholar, and Elsevier. The article
search process was conducted according to keywords, that were “pluripotent stem cells”, “neuronal
stem cells”, “neurogenesis”, ‘“neuron differentiation techniques”, “monolayer techniques”, “three-
dimensional culture techniques”. The inclusion criteria for scientific articles used are: scientific
articles and review articles with a time span from 2000 to 2020 which discuss the development of
stem cell technology in neuron regeneration, pluripotent stem cells, neuronal stem cells, neurogenesis,
neuron differentiation techniques, monolayer techniques, and three-dimensional culture techniques;
Indonesian and English articles. The articles obtained from the search results are then analyzed and
processed through the stages of organizing, synthesizing, identifying and further analysis to find
answers to the formulation of the problem.

We identified 500 articles obtained from the search results and removed the same 35 articles.
Selection of titles and abstracts was performed on the remaining 465 articles and obtained 78 articles
that met the inclusion criteria for full text article selection. The results of the full text article selection
are 20 articles which are complete and worthy of a critical appraisal. Seven articles were excluded
after the critical appraisal so that there were 13 articles used in this literature review on Table 1. The
article selection process can be seen on Figure 1.
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Figure 1. Article selection process
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Table 1. Article on neuron differentiation technique

Author Method Neuron Cell Result
Type
. I It tak 1 i ]
(Shi et al., 2012) Inhibition of t takes about 15 da.ys to induce stem cells
Neuron to become cortical stem cells or
SMAD .
progenitor neurons.
The formation of dopaminergic neurons is
Inhibition of initiated by growth factor BDNF, ascorbic
(Chambers et al., 2009) SMAD Neuron acid, sonic hedgehog (SHH) and FGF8 on
N2 media.
(Kirkeby et al., 2012; Dual Inhibition . . .
Nolbrant et al., 2017) of SMAD Neuron Producing high cell count in small scale
Induction with Neuron differentiation is characterized by
RA, SHH and
CAMP and the presence of columnar cells that form
(Li et al., 2005) . . Neuron rosettes in cell colonies on days 8-10 after
Expansion with embryonic stem cells are removed from
BDNF, GDNG feedg cells
and IFG1 '
The protocol was conducted by removing
(Krencik & Zhang, mitogens and adding CNTF for
2011) EB Astrocyte approximately 90 days. This method
produces a dense population of astrocytes.
Cell lines of hESC and hiPSC presented
differentiation variability in producing
(Emdad et al., 2012) EB e astrocyte cells. Both _of these ceII_s sh_ow
the same cell properties called migration
and tropism towards Human high-grade
gliomas (hHGG).
Inhibition of The astrocyte cell differentiation process
(Lafaille et al., 2012) Astrocyte uses several growth factors such as EGF,
SMAD and EB
FGF2.
The astrocyte cell differentiation process
: Inhibition of uses several growth factors such as EGF,
l., 201
(Serio et al., 2013) SMAD dan EB Astrocyte LIF. FGF2
(suspension)
OPC cell differentiation into
oligodendrocytes was conducted by
(Stacpoole et al., 2013) EB Oligodendrocyte adding growth factors SAG, PDGEF,
NT3,
IGFI T3, cAMP
I OPC cell differentiation into
Inhibition of oligodendrocytes was performed b
(Wang et al., 2013) SMAD Oligodendrocyte g y P y

(Monolayer)

adding growth factors PDGF, IGFI,
NT3, B27 BDNF.

(Douvaras et al., 2014)

Inhibition of
SMAD, EB

Oligodendrocyte

OPC cell differentiation into
oligodendrocytes was administered by
adding growth factors Biotin, cAMP
Insulin, T3, Biotin cCAMP, AA

(Gorris et al., 2015)

Inhibition of

Oligodendrocyte

OPC cell differentiation into
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Author Method N Gl Result

Type
SMAD oligodendrocytes was performed by
adding growth factors T3, AA, laminin

From several articles that have been analyzed in this literature review, it was found the
characteristics of the articles, which were the technique of differentiation of neuron cells and types of
neurons. Several cell differentiation methods focus on the differentiation process of neuron cells,
astrocytes and oligodendrocytes. The technique used in the process of differentiation of neuron cells
has many similarities, including using the SMAD inhibition method and the formation of EB. This
method is considered effective in accelerating the differentiation process of target neuron cells and
overcoming obstacles in the differentiation process. Meanwhile, neurons, astrocytes and
oligodendrocytes are part of cells that play a role in the emergence of symptoms of neurodegenerative
diseases when the cell's work system is disrupted. Hence, the differentiation protocol can be used in
drug development models and detection of neurodegenerative diseases. There are 4 themes identified
in this review, including: the basic concept of pluripotency; the process of developing neuron cells in
the embryonic period; adaptation mechanisms of neurogenesis stages in PSC neuronal differentiation;
and differentiation techniques.

2.1. The basic concept of pluripotency

Stem cells are cells that have not yet differentiated into specific functional body cells. Stem cells
have the ability to proliferate and regenerate high and can also differentiate into somatic cells that
form certain body tissues (Shirazi et al., 2012; Zakrzewski et al., 2019). Stem cells have 2 types of
cell types, which are ESC and Adult Stem Cell (ASC). ESC is a type of stem cell that can differentiate
into all types of cells that belong to 3 types of cell mass layers (Ectoderm, Mesoderm, and Endoderm)
(Amira Ragab EI Barky, 2017). ASC is a type of stem cell taken from adult tissue and has limited
differentiation ability. Furthermore, the use of ASC as a source of stem cells can avoid ethical
problems from using ESC (Ulrich et al., 2013). Stem cells have the ability to differentiate depending
on the nature of the cell. Some of the characteristics of stem cells include totipotent, pluripotent,
multipotent, and unipotent. Totipotent is the ability of cells to form completely new individuals, while
pluripotency is the ability of stem cells to differentiate into cells in the ectoderm, mesoderm, and
endoderm layers. The ability of stem cells will be limited if they are multipotent and unipotent
because these stem cells can only differentiate into several types of cells (Larijani et al., 2012).
According to PSC has the potential to become several types of somatic cells such as cardiomyocytes,
smooth muscle cells, endothelial cells, neuron cells and hepatocytes cells (Doss & Sachinidis, 2019).
This makes PSC an alternative therapy that can overcome degenerative diseases such as Parkinson's
disease, Alzheimer's disease, diabetes, and bone injuries (Oh & Jang, 2019).

ESC and iPSC are two types of stem cells that are classified as PSC. Several ESCs can be
generated from humans and animals. hESC is an embryonic stem cell produced from human cells.
Embryonic stem cells can also be produced from animals and generally come from mice. These cells
are known as Murine Embryonic Stem Cells (mESC). ESCs are pluripotent and are stem cells isolated
from the Inner Cell Mass (ICM) structure in blastocysts in the early stages of embryonic formation
which are about 4 to 5 days after fertilization (Liu et al., 2020).

iPSCs are PSCs made by genetic engineering through a reprogramming process by including
pluripotent transcription factors (OCT4, SOX2, KIf4, and cMyc) so that they have the same
characteristics as ESCs. iPSCs can be taken from animal or human cells. iPSCs taken from human
cells are called hiPSCs. Generally, iPSCs taken from animals come from mouse cells, so these cells
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are called Mouse Induced Pluripotent Stem Cells (MIPSC). In addition to using transcription factors,
iPSCs can be obtained from somatic cells using the Somatic Cell Nuclear Transfer (SNCT) method,
cell fusion, transcription factor transduction and small molecule induction (Singh et al., 2015).
Moreover, iPSCs can be induced from fibroblast cells because of their easy access by simple biopsy
of skin tissue. In addition to fibroblast tissue, iPSCs can also be generated from other cell types such
as peripheral blood cells, keratinocytes, and epithelial cells (Zakrzewski et al., 2019).

2.2. The process of developing neuron cells in the embryonic period

The development of neurons in mammals is transient and begins as a collection of neuronal cells
that proliferate and differentiate into more specific cell types (Ming & Song, 2011). Some of these
cells are classified as Neuronal Stem Cells (NSC) which have the ability to produce NSC derivatives
through asymmetric division. The process of asymmetric division can produce two stem cells that
have different differentiation potentials. These NSCs can also differentiate into several types of brain
cells such as neurons, astrocytes and oligodendrocytes. Under physiological conditions, the process of
neurogenesis is confined to niche areas located in 2 parts of the brain. The first part is in the
subventricular zone which is where new neurons start and migrate to the olfactory bulb, while the
second part is the sub granular zone in the dentate gyrus and hippocampus (Feliciano et al., 2015).

The process of neurogenesis is a complex process and is divided into 6 stages (Kempermann,
2004). The first stage occurs 1 to 3 days after birth and is referred to as the proliferative phase. In this
phase, NSCs can proliferate and differentiate into several cells, but NSCs cannot carry out self-
renewal in their cells. The second to fourth stages last for 1 week after birth and are referred to as the
differentiation phase. In this phase, NSCs exit the cell cycle and are ready to differentiate into a
network of neuron cells. After this process occurs, the immature neurons enter phase 5 or what is
known as the migration phase. This phase occurs for 2 to 3 weeks after birth. In the mitotic phase the
neurons begin to elongate their axonal projections and dendritic growth begins. Stage 6 in the
neurogenesis process takes place after 4 weeks of birth, in this phase the integration of new neuron
synapses begins to appear (de la Torre-Ubieta & Bonni, 2011; Kristiansen & Ham, 2014).

Several studies have reported that several intrinsic factors are required in the regulation of
neurogenesis (Avila et al., 2014; de la Torre-Ubieta & Bonni, 2011; Secondo et al., 2018; Stappert et
al., 2018). Some of these factors are transcription factors, epigenetics and metabolic pathways (Mira
& Lie, 2017; Stappert et al., 2018). Epigenetic factors consist of DNA methylation, post-translational
modifications in histones, and structural changes in chromatin. Several transcription factors that play a
role in the process of neurogenesis, one of which comes from the Sox transcription factor group. Sox2
is a transcription factor that is often studied by several scientists. The presence of Sox2 expression in
neurons and glial cells plays an important role in the formation of morphology and connectivity in
neuronal cells (Mercurio et al., 2019). The role of metabolic pathways cannot be separated from the
process of forming neurons in mammals. One of the metabolic pathways that play a role in the
differentiation and degeneration of neurons is oxidative phosphorylation. This metabolic process can
produce ATP which is needed in the process of forming neurons (Bourgognon et al., 2018).

2.3. Adaptation mechanisms of neurogenesis stages in PSC neuronal differentiation

The development of the neuronal system in vertebrates begins in the gastrula phase when the
ectoderm tissue specializes into a network of neuron cells through a neural induction. This process
can arise due to the presence of a cell from the ectoderm tissue that can release BMP inhibitor
molecules and activate the Fibroblast Growth Factor (FGF) pathway (Tao & Zhang, 2016). The
mechanism of neuron differentiation basically follows the principle of neuronal induction. There are
several types of derivatives of neuron cells that are often used in the process of differentiation of
neuron cells including Neuron Progenitor (NPC), neurons, astrocytes, and oligodendrocytes. Several
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differentiation processes in neuronal cells are initiated by converting hPSCs into more specific
neuronal cell types, which is Neural Ectoderm (NE) through embryoid body formation and SMAD
inhibition. The second stage is to change the NE until the process of gliogenesis occurs. The process
of gliogenesis will produce glial progenitor cells that express markers NF1A, S100b and CD44. The
third step is to convert glial progenitor cells into astrocytes in the presence of Bone Morphogenic
Protein (BMP) and Ciliary Neurotrophic Factor (CNTF). BMP and CNTF activate the STAT3
pathway so that glial progenitor cells can differentiate into astrocytes (Tao & Zhang, 2016).

2.3.1.Neuron Progenitor Cell (NPC)

NPC or progenitor neuron cell is one of the cells that can differentiate into neuron cells,
astrocytes and oligodendrocytes. Several processes of differentiation of hPSC into NPC were
conducted using monolayer induction and the formation of an embryo body in a suspension. In
addition to these methods, several induction factors such as Retinoid Acid (RA), FGF-2, Epidermal
Growth Factor (EGF) and Sonic Hedgehog (SHH) are also used in the NPC differentiation process
(Li et al., 2014). Currently, synergistic induction using two inhibitors of SMAD signaling, that is
noggin and SB431642 is an efficient method in the process of differentiation of NPCs derived from
hPSC cultures (Gordeeva, 2019; Stover et al., 2013). SMAD is an intracellular protein that transduces
extracellular signals from the TGF- ligand to the nucleus which can activate transcriptional genes for
neuronal development. These NPC cells can later be differentiated into dopaminergic cells when
induced with SHH and FGF8, while they will become motor neuron cells when induced using Brain-
derived Neurotrophic Factor (BDNF), ascorbic acid, SHH and RA (Li et al., 2014).

2.3.2.Neuron differentiation

Neurons are the main cellular components that make up the neuron system in humans. These
cells function to convey stimuli through signals in the form of electrical excitation that are delivered
to and from the tissue. The development of the neuronal system is controlled by several signaling
complexes. Before forming a specific type of cell type, there are several stages that must be passed.
PSC including ESC and iPSC will first turn into ectoderm tissue. The tissue will then turn into
neuroepithelium through the induction of FGF and WNT, then the neuroepithelial cells will multiply
into neural plates. In the rostral neural plate or the forebrain, it is the first part to form after
caudalization. This occurs due to the presence of a growth factor including WNT, BMP, FGF and RA
(Dhara & Stice, 2008). Several parts formed due to the induction of these growth factors consist of the
forebrain, midbrain, hindbrain and spinal cord. After the formation of a network of neurons in the
rostro-caudal region is complete, the formation of the dorso-ventral portion of the neural tube is
controlled by two types of signaling. BMP signaling dorsally from the roof plate and SHH signaling
ventrally from the notochord. Cells located at specific locations along the rostro-caudal and dorso-
ventral axial sections respond to specific morphogens and produce several types of specific neurons
and glial cells. Many protocols have been developed in performing neuronal cell differentiation
techniques, some of these protocols can be seen in Table 2.
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Duration
References (Emdad Marker Method Growth Factor
etal)
(Pankratz et al., 2007; 80 PAX6, OTX2, EB FGF2, Insulin, Transferrin,
Zhang, 2011) FOXG1 Progesterone, Heparin
Inhibition of
PAX6, OTX2, FGF2, FGF8, BDNF,
(Chambers et al., 2009) 28-35 FOXG1 SMAD GDNF. TGFb1, cAMP
(Monolayer)
(Eiraku et al., 2008; 180 FOXGL1, EMX1, EB BMP4, FGF2
Watanabe et al., 2005) Nestin (Suspension)
. Inhibition of
(Shietal., 2012) 80 Tbrl CTIP2 SMAD N2, B27, FGF2
(Kirkeby et al., 2012;
Nolbrant et al., 2017; 40 TH, LMX1, FOXA2,  Dual Inhibition of FGF8b, BDNF, AA
Osborn et al., 2016) EN1, MAP2 SMAD GDNF, DAPT db-cAMP
Induced with RA,
SHH, and cAMP
(Li et al., 2005) 50 al2ieh [ (0] Gty and expanded with FGF2, BDNF, GDNF,

VACKhT IGF1

BDNF, GDNG and
IGF1.

2.3.3. Astrocytes

Astrocytes are cells that are generally found in the mammalian brain, these cells function to
maintain homeostatic conditions in neuronal cells by maintaining ion balance, neurotransmitter
turnover and the release of growth factors in the formation of cell membranes (McComish &
Caldwell, 2018). Several studies reported that astrocytes are part of cells that play a role in the
emergence of symptoms of neurodegenerative diseases, so astrocyte cell expansion was performed to
determine the role of astrocytes in the occurrence of neurodegenerative diseases in cells (Liddelow et
al., 2017; Lobsiger & Cleveland, 2007; Osborn et al., 2016). Several protocols have been performed
to differentiate astrocytes, including taking into account the density of cells to be cultured, type of
substrate, media composition, concentration of growth factors, morphogens and the dimensions of the
culture (monolayer or embryoid body) (Chandrasekaran et al., 2016). One of the most important
factors in the differentiation process is the presence of growth factors. Several growth factors that play
a role in the astrocyte differentiation process include FGF-2, RA, cCAMP, hIGF, and BDNF (Araki et
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al., 2021; Carpenter et al., 2001). Several astrocyte differentiation protocols from PSC can be
presented in Table 3.

Table 3. Astrocyte differentiation protocol

References Duration Marker Method Growth Factor
(Day)
(Mormone et FGF2, EGF, (FGF+EGF+CNTH)
al., 2014) 28-35 GFAP, A2B6 EB ' ' . '
Noggin
(Krencik & GFAP, S100,
Zhang, 2011) 180 CD44, NF1A EB EGF, FGF
(Emdad et al., GFAP, A2B5,
2012) 35 S100B EB N2, FGF, EGF, CNTF
(Gupta et al., GFAP, S1008, .
2012) 70 EAATL, EAAT2 EB EGF, FGF2 Heparin
(Lafaille et al., Inhibition of
2012) 90 GFAP SMAD and EB EGF, FGF2
: Vimentin, NF1A S
(Serioetal., ' ' Inhibition of .
2013) >70 GFAP, S100, SMAD and EB EGF, LIF, FGF2 (Suspension)

EAAT1

2.3.4. Oligodendrocyte

Oligodendrocytes are myelination cells from the process of forming neuron cells. Disruption and
damage to these cells will cause various neurodegenerative diseases such as Multiple Sclerosis (MS)
and amyotrophic lateral sclerosis (Livesey et al., 2016). Like astrocytes, the presence or absence of
oligodendrocytes in neuronal cells can cause degenerative disease symptoms, so the development of
oligodendrocyte cells derived from iPSC is an alternative in detecting and knowing several disease
mechanisms that occur in neurodegenerative diseases. According to Merten and colleagues, the
myelination process will occur if there is sufficient oligodendrocyte implantation, so an effective
differentiation protocol is needed in the study of myelination disorders that occur in MS and ALS.
Several protocols have been developed to differentiate oligodendrocytes using the method of
embryonic body formation, suspension culture and monolayer culture, while growth factors used
include PDGF, IGF, and FGF (Ehrlich et al., 2017; Livesey et al., 2016; Wang et al., 2013). Several
protocols in the process of oligodendrocyte differentiation can be presented in Fig Table 4.
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Table 4. Protocols in the process of oligodendrocyte differentiation

Growth Factor

Pre-

Duration
Progenitor Cell Tre(ljrgict:ion Oligodendrocyte
(OPC)
OLIG,
SOX10,
(Keirstead A2B5,
etal., 42 NG2, EB (;EuGsFé:siGan) EGF -
2005) PDGFRa, P
GalC,
RIP, O4
OLIG
1/2,
(Izrael et SOX10, EGF, FGF, EGF, FGF, .
>
al., 2007) 45 NKX2.2, EB Noggin Noggin Noggin
PDGFRa,
04
(Hu et al I\?II<_)I(§22 EBIovv\:/Ith SHH, B27 RA e,
2009) 112 PDGFRa,  oxygen FGF2 IGFI, NT3, PDGF, IGFI, NT3
T3
04 levels
PDGF, T3,
purmorpham
|\(|)|I<_)I((;22 ine/SAGRA
(Stacpoole 100 NG2. ' EB SAG, FGF, RA (pPMN), SAG, PDGF, NT3,
etal., ' (pMN, SAG, FGF PDGF, FGF, IGFI T3, cAMP
PDGFRa,
2013) 04 purmorpham
ine/ SAG,
T3
oLlG2, Inhibitio PDGF,
e n of IGFI, T3
(Wang et al., 140 NKX2.2, SMAD RA, B27, FGF, N'I13 ’ PDGF, IGFI, NT3,
2013) MBP (Monola Purmorphamine urmor ,ham B27 BDNF
PDGFRa, P imf
04 y
PDGF,
B OLIG2, Inhibitio HGF, IGFI,
at 95 SOX10, n of RA SAG NT3, Insulin, T3, Biotin
2014’) NKX2.2, SMAD ’ Insulin, T3 cAMP, AA
MBP, 04 and EB Biotin,
cAMP
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Growth Factor

f Pre-
Duration Pre-OP
Reference (day) Marker ~ Method  Qjigodendrocyte eC()?DCC i OPC to
Progenitor Cell Transition Oligodendrocyte
(OPC)
OLIG
NKl)/(ZG ) Inhibitio
(Gorris et b n of PDGF, EGF, PDGF, T3, -
> . - - 1 1
al., 2015) %0 N';)ég 2 sMAD forskolin AA Noggin | AA laminin
MBP and EB
SOX1
OLIG2,
(Jinghua 20 SOK)Z?E)’ EB purmorphamine, ICI;DI?IG% BDNF, AA, T3,
Piao, 2015) oL AA, BDNF, FGF8 CAMP cAMP
MBP, O4

There are several growth factors that play a significant role in the PSC differentiation process
into several types of derivatives including FGF2, PDGF, IGF1, T3, FGF, EGF and CNTF. These
growth factors play a role in the process of forming neurons, astrocytes and oligodendrocytes. In
general, the function of growth factors is to increase the proliferation of neurons and other central
nervous cells. Growth factors also have other functions such as wound healing angiogenesis,
increased expression of NMDA receptors and antioxidant enzymes such as SOD or GSH reductase
(Cabezas et al., 2016).

2.4. Differentiation technique
2.4.1. Adherent culture/monolayer

The 2D culture method is performed by culturing cells on a plate containing a substrate. The
substrate consists of Extracellular Matrix (ECM) which can increase the proliferation, adhesion, and
differentiation of a desired cultured cell. Some of the substrates commonly used in stem cell culture
include laminin, poly-ornithine, poly-lysine and fibronectin (Hopkins et al., 2013). These substrates
function to increase cell adhesion through integrin receptors, contribute to NSC differentiation,
facilitate cell attachment through electrostatic attraction on the cell surface, coordinate synaptic
activity and synaptogenesis, and regulate neural cell migration (Centeno et al., 2018). The purpose of
doing this monolayer culture is to determine the biological components of stem cells and provide a
source of cell therapy in regeneration medicine. Stem cell expansion in a short time is also performed
using monolayer culture to produce several types of neuron cells and also the neurosphere (Kim et al.,
2013; Rosenzweig et al., 2018)

2.4.2.3D culture

In 3-dimensional culture, it is generally divided into two types of techniques, which are Scaffold-
free and Scaffold-based. Scaffold-free includes spheroids, embryonic bodies, neurospheres, organoids
and microtissues that can be cultured by growing cells in suspension culture, microwells, gel matrices
and a variety of other methods (Ko & Frampton, 2016). This technique does not require the addition
of an Extracellular Matrix (ECM) because once the cells have reached sufficient density, they can
produce ECM by themselves. It is a scaffold-free culture strategy in forming a 3-dimensional
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structure. One of them is by using a combination of chondrocytes and growth factors given at the
culture site (Miyazaki et al., 2010).

Although monolayer culture is still being conducted today, there are some drawbacks in
expanding using this method. Some of them are monolayer cultures that cannot represent the actual
state of the brain organs and have limited interactions between cells. The limitations of cell culture
using the monolayer method can affect cell morphology, the level of cell resistance, differentiation
and proliferation processes so that a more complex expansion model is needed and can represent the
situation in vivo, one of which is by using 3-dimensional culture (Antoni et al., 2015).

Currently, there is one type of differentiation technique that is being developed, that is using a 3-
dimensional organoid. Organoid is a differentiation technique that belongs to the scaffold-free
technique. Organoid is a mass of tissue consisting of several types of cell types that are organized
spontaneously (Simunovic & Brivanlou, 2017). Most organoids are spherical and irregular in shape in
suspension or in several different types of matrices (Lou & Leung, 2018). Organoids can be generated
from iPSCs and ASCs by mimicking the chemical and physical substances of the developed target
tissue and their homeostatic conditions (Lancaster & Knaoblich, 2014). In the process of organoid
formation, several growth factors are required so that these cells can differentiate and undergo self-
renewal. These growth factors play a role in the process of cell defense, proliferation of self-renewal
and in the process of differentiation into more specific cells (Yin et al., 2016). Organoids are
considered to be a model system that has system stability and can also represent physiological
conditions in vivo (Yin et al., 2016). Several studies have also reported that cerebral organoids have
been used to study early stages of brain development and disorders of neuronal development.
Therefore, organoids are considered to have a better picture in the process of modeling the central
nervous system compared to using a 2-dimensional culture model (Lee et al., 2016; Yin et al., 2016).

Scaffold-based technique is a differentiation technique that requires the addition of an external
biomaterial to produce several types of neural cells. The matrix used in this differentiation technique
usually has a loose structure so that oxygen and nutrients can be absorbed into the cell. Some of the
synthetic biomaterials used in this technique include polycaprolactone, polyethylene glycol and
polystyrene (Lou & Leung, 2018; Oliva et al., 2019). Another method of scaffold-based technique is
the addition of ECM such as laminin and collagen to neural cell cultures. ECM in this technique
functions to increase tissue regeneration, structure, rigidity and elasticity (Alghuwainem et al., 2019).
Another scaffold-based technique that is applied in the process of neural differentiation is Self-
assembling peptides (SAPS). This technique is one of the methods used in forming 3D scaffolds to
increase the proliferation and differentiation of NSC (Cunha et al., 2011). Studies in the use of 3D
scaffolds from the synthesis of collagen and hyaluronic acid are also considered as an efficient
method in the process of transdifferentiating mesenchymal stem cells into neuronal cells and glial
cells. This method is implemented by inducing stiffness and porosity of the 3-dimensional structure of
the scaffold (Her et al., 2013).

In the application of differentiation techniques, both techniques have advantages and limitations.
The advantages and limitations of 2-dimensional and 3-dimensional differentiation techniques can be
seenin Table 5.
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Table 5. Advantages and limitations of 2D and 3D differentiation techniques

2D 3D
Advantages Easy to apply Has more complex  cell
interactions
Does not cost a lot Has interactions between cells and
ECM
Homogeneous culture Has a higher complexity and is

relevant in in vivo modeling
Easy to apply in downstream Requires high cost
applications and cell visualization.

Limitations Unable to represent the Slightly difficult to visualize using

physiological environmentinvivo a  microscope  and  other
visualization methods

Limited interactions between Slightly difficult to distribute

cultured cells homogeneous components
(oxygen and nutrients) so that it
will lead to the process of
necrosis, heterogeneity and death.

Limited interaction between cells Requires special equipment and

and ECM. expert handling
Can cause changes in morphology  Scaffold-based systems must
and gene expression. consider several things such as

biodegradability, pore size, and
chemical composition of the
substance.

3. Conclusion

In the development of stem cells in neuronal regenerative therapy, a good differentiation
technique is needed. In vitro, 2D and 3D culture techniques are differentiation techniques that are
currently used in general. The 3D technique is a technique that is known to have good output in
neuronal differentiation because it is able to provide a good artificial microenvironment of cells and
can mimic the conditions of their development in vivo. The use of growth factors such as FGF2,
PDGF, IGF1, T3, FGF, EGF and CNTF can also overcome the problem of differentiation of several
target cells in neurodegenerative therapy such as neurons, astrocytes, and oligodendrocytes. Further
research is required on efficient methods and protocols in performing the NSC differentiation process.
The existence of this protocol is expected to be applied in many countries, especially in Indonesia so
that it can overcome problems in implementing NSC differentiation culture techniques.
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