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ABSTRACT

Multiplexed and Micropatterned 3 Dimensional (3D) GelMA Platform as an in
vitro Model for Oligodendrogenesis
Ecem Metin
Master of Science in Cellular and Molecular Medicine
January 15, 2024

The occurrence of disturbances in myelination can lead to the development of a range
of disorders. A reliable and biologically mimicking in vitro model of oligodendrogenesis
is of necessity to aid in elucidating the pathogenesis of demyelinating
diseases. Oligodendrogenesis and myelination are highly dependent on the function of
extracellular matrix (ECM) components. The recent advancements in biomaterials
illustrated that hydrogels have tremendous potential to mimic the ECM of central nervous
system (CNS). It remains elusive whether the characteristics of hydrogels can manage to
regulate the differentiation and maturation of oligodendrocyte (OL) lineage cells and
provide a suitable model without the need for primary cells or in vivo models. Here, this
study examines the impact of a multiplexed and micropatterned 3 Dimensional (3D)
Gelatin Methacrylate (GelMA) platform on the viability, and spheroid formation of
Human Oligodendroglioma (HOG) cells under different UV exposure conditions, while
also exploring the maturation status. Both proliferation and spheroid formation were
enhanced with prolonged UV exposure durations, illustrating the importance of ECM
dynamics on cellular behaviour. The cell viability on day 5 was the greatest at 50 seconds
of exposure condition. The formation of spheroids was discernibly observed on day 5 at
exposure conditions of 40 and 50 seconds, with the latter showing a notable effect.
Maintenance in GelMA induced the mRNA expression of transcription factors OLIG2,
SOX2 and SOX10; OPC markers PDGFRo and NG2; and OL markers CNPase, MBP,
and MOG. The expression of GFAP was not detected in the case of 3D whereas it was
found to be traceably expressed in 2D cultured cells, suggesting a possible rescue from
astrocyte lineage in 3D. Immunofluorescence microscopy confirmed the expression of
MBP and MOG at the protein level. These results imply the regulatory effect of the
GelMA environment on the expression profile of HOG cells, altering their fate towards
OL lineage. To ascertain whether alterations in the expression of OL genes are exclusive
to 3D maintenance, a separate treatment of UV and GelMA was applied to HOG cells
cultured in a 2D environment. Neither UV treatment nor GelMA addition made
significant changes on the expression profile of HOG cells. In conclusion, this platform
appears to be a noteworthy culture model for oligodendrogenesis, warranting further
investigation. Coculture of SH-SY5Y cells with HOG cells was conducted to see if any
interaction would occur. Although SH-SY5Y cells were not differentiated into mature
neurons, their interaction with HOG cells was evident, leading to accumulation near HOG
spheroids with the latter crosslinking exhibiting a notable effect. Further investigation
with the usage of mature neurons and oligodendrocyte lineage cells within the hydrogel
may aid in enlightening whether the platform also serve as a model for myelination.
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OZETCE

Oligodendrojenez Modellemesi icin 3 Boyutlu (3B) Coklu ve Mikropaternli
GelMA Platformu
Ecem Metin

Hiicresel ve Moleiiler Tip, Yiiksek Lisans

Ocak 15, 2024

Miyelinizasyon mekanizmasindaki aksakliklar, ¢esitli bozukluklarin gelisimine yol
acabilir. Demiyelinizan hastaliklarin patogenezini aydinlatmaya yardimci olmak igin
giivenilir ve biyolojik olarak mimike edebilen bir in vitro miyelinizasyon ve
oligodendrojenez modeline ihtiyag vardir. Oligodendrojenez ve miyelinizasyon,
ekstraselliller matris (ESM) bilesenlerinin fonksiyonuna son derece baghdir.
Biyomalzemelerdeki son ilerlemeler, hidrojellerin merkezi sinir sistemi (MSS) ESM'sini
taklit etme potansiyeline sahip oldugunu gosterdi. Hidrojellerin &zelliklerinin,
oligodendroglial (OL) hiicrelerinin diferansiyasyonunu ve olgunlagmasini diizenleyip
diizenleyemedigi ve primer hiicrelere veya in vivo modellere ihtiya¢ duyulmadan uygun
bir model saglayip saglayamadig heniiz belirsizdir. Bu ¢alisma, farkli UV maruziyet
kosullarr altinda insan Oligodendroglioma (HOG) hiicrelerinin yasayabilirlik ve sferoid
olusumu tizerinde multipleks ve mikropaternli bir 3 Boyutlu Jelatin Metakrilat (GeIMA)
platformunun etkisini incelemekte ve ayni zamanda olgunlasma durumunu
arastirmaktadir. Hem ¢ogalma hem de sferoid olusumu, uzun UV maruziyet siireleri ile
artt;, bu da ESM dinamiklerinin hiicresel davranis lizerindeki onemini gostermektedir.
Giin 5'te hiicre yasayabilirligi, 50 saniyelik maruz kalma kosulunda en yiiksek oldu.
Sferoid olusumu, 40 ve 50 saniye maruziyet kosullarinda giin 5'te belirgin bir sekilde
gozlemlendi, sonuncusunun anlamli bir etki gosterdigi goriildii. GelMA'da kiiltiir,
OLIG2, SOX2 ve SOX10 transkripsiyon faktorlerinin; OPC markerlerinin, PDGFRa ve
NG2; ve OL markerlerinin CNPase, MBP ve MOG'u indiikledi. GFAP ekspresyonu, 3B
durumunda tespit edilmedi, ancak 2B kiiltiire edilmis hiicrelerde izlenebilir sekilde ifade
edildi, bu da 3B ortaminda astrosit kokeninden kurtulusun miimkiin olabilecegini
diisiindiirmektedir. Immiinoflorasan mikroskopisi, MBP ve MOG'Un protein diizeyinde
ifadesini dogruladi. Bu sonuglar, GeIMA ¢evresinin HOG hiicrelerinin ekspresyon profili
tizerinde diizenleyici bir etkisi oldugunu, kaderlerini OL kokenine dogru degistirdigini
ima etmektedir. OL genlerinin ekspresyonundaki degisikliklerin 3B bakimina 6zgii olup
olmadigini belirlemek i¢in, UV ve GelMA'nin ayr1 bir muamelesi, 2B ortaminda kiiltiire
edilmis HOG hiicrelerine uygulandi. Ne UV tedavisi ne de GeIMA eklemesi, HOG
hiicrelerinin ekspresyon profili iizerinde anlamli degisikliklere neden olmadi. Sonug
olarak, bu platform, oligodendrojenez i¢in dikkate deger bir Kkiiltiir modeli gibi
goriinmektedir ve daha fazla arastirmay1 hak etmektedir. SH-SY5Y hiicrelerinin HOG
hiicreleri ile ko-kiiltiirii, herhangi bir etkilesimin olup olmadigini gérmek amaciyla
gergeklestirildi. SH-SY5Y hiicreleri olgun noronlara diferansiye edilmedigi halde, HOG
hiicreleri ile etkilesimleri belirgindi ve ozellikle HOG sferoidlerine yakin birikim
gosterdi. Hidrojel iginde olgun ndronlar ve oligodendrosit hiicreleri kullanarak yapilacak
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daha fazla arastirma, platformun miyelinizasyon modeli olarak da hizmet edip
edemeyecegini aydinlatmada yardimer olabilir.

Anahtar Kelimeler: Oligodentrosit, oligodendrojenez, 3B- Hidrojel Model,
GelMA, miyelinizasyon
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Introduction 1

Chapter 1:
INTRODUCTION

Myelination is a crucial biological process that enables the maintenance of optimal
neuronal function by rapid saltatory nerve conduction. The occurrence of disturbances in
myelination can lead to the development of a range of devastating neurological disorders,
namely demyelinating and dysmyelinating diseases. Demyelinating diseases are
characterized by the gradual damage and loss of the myelin sheath that surrounds axons.
Demyelination within the central nervous system (CNS) could be due to several
mechanistic abnormalities originating from inflammatory responses, nerve entrapments,
ischemia, and alterations in metabolism (Love, 2006). Etiologically, the role of
environmental factors including stress, viral agents, vitamin D levels, diet, heavy metal
poisoning, and tobacco smoking has been broadly underlined (Donati, 2020; Haase et al.,
2018; Maiuolo et al., 2019; Rosso and Chitnis; Spanier et al., 2015; Stohlman and Hinton,
2001). Some examples of demyelinating diseases include multiple sclerosis (MS), acute-
disseminated encephalomyelitis (ADEM), acute hemorrhagic leucoencephalitis (AHL),
progressive multifocal leukoencephalopathy (PML), central pontine myelinolysis (CPM),
and more (Love, 2006). Among them, multiple sclerosis (MS) is the most common form,
with an estimated incidence rate of 2.1 per 100,000 persons/year and a prevalence of 35.9
per 100,000 people (Walton et al., 2020).

Dysmyelinating conditions are another branch of myelin disorders and are
characterized by defective metabolism affecting myelin assembly, causing
hypomyelination or dysmyelination. They are genetic disorders of myelin, in distinction
to demyelinating conditions that are mostly acquired (See recent review: Duncan and
Radcliff, 2016). Defects of myelin have been shown to be present also in
neurodegenerative diseases like Alzheimer’s Disease (AD), Amyotrophic lateral sclerosis
(ALS) (Kang et al., 2013), and Parkinson’s disease (PD). Ota et al. (2019) demonstrated
that the myelin density is significantly decreased in the left hippocampus, left insula, right
precuneus, and bilateral anterior cingulate of AD patients relative to healthy subjects. In
another study, abeta pathology, a major hallmark of Alzheimer's disease (AD), was
associated with grey matter demyelination (Mitew et al., 2010). Myelin damage was

suggested to be the potential origin of neuropathological abnormality in AD. In human



Introduction 2

brain samples obtained from patients with AD braak stage (I/11), the temporal cortex
displayed a reduction in the activity of ceramide synthase 2 (CERS2), one of the
fundamental players in myelin biosynthesis (Couttas et al., 2016). Cognitive and
behavioral impairment in PD has been associated with the aberrant function of the
cingulate cortex (Palermo et al., 2018; Zhou et al., 2021). Analysis of RNAseq data of the
cingulate cortex from PD patients has revealed significant downregulation of genes
corresponding with myelination and oligodendrogenesis, suggesting a possible
contribution of the myelination network to cognitive symptoms of PD (Xie et al., 2022).

1.1  The Composition of Myelin Sheath

Myelin sheath is evolutionarily conserved among vertebrates, underscoring it as a
fundamental component of the nervous system (Zalc et al., 2008). The myelin sheath
functions as an insulator of axons by providing trophic support to sustain rapid impulse
propagation alongside the neurons. In fact, as the action potential “jumps" from one
Ranvier node to another, it is estimated that signal transmission is accelerated up to 100-
fold by virtue of myelin sheath (Fields and Dutta, 2019). The composition of myelin
sheath includes specific proteins and lipids. The in-situ water content of myelin is about
40%, in which the remaining dry mass is featured by a high proportion of lipid (70 to
85%), whereas 15 to 30% of protein. Such composition is remarkably unique to myelin
considering the fact that the majority of biological membranes possess a greater ratio of
proteins to lipids (Morell and Quarles, 1999). The most abundant protein constituent of
CNS myelin is proteolipid protein (PLP), a 30-kDa lipophilic, a four-span transmembrane
protein, accounting for about 40% by weight of the protein content of myelin (Kister and
Kister, 2023; Greer and Lees, 2002; Morell and Quarles, 1999; Nave et al., 1987; Stoffel
et al., 1984). Both in vitro and in vivo experiments demonstrated that myelin membrane
adhesion and compaction in the CNS are coordinated by the adhesive properties of the
proteolipid protein (Bakhti et al., 2014; Palaniyar et al., 1998; Ruskamo et al., 2022). The
proteolipid protein gene (PLP1) encoding for PLP was reported to be holding a high
degree of conservation (Kitagawa et al., 1993). PLP1 has 7 exons with a length of 17 kb
and is localized at the proximal long arm of the X chromosome, Xg21-q22 (Mattei et al.,
1986). Missense, deletion/insertion, and splice-site mutations and duplications of the gene

are associated with Pelizaeus-Merzbacher disease (PMD), also called leukodystrophy
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hypomyelinating 1 (HDL1), and spastic paraplegia 2 (SPG2) disorder (Hodes et al.1993;
Raskind et al., 1991). The severity of PMD has been correlated with PLP1 mutation,
explaining the critical role of PLP in myelination and myelin stability (Hobson and
Garbern, 2012; Wolf et al., 2005). Similarly, Warshawsky et al. (2005) associated the
phenotypic characteristics of primary progressive multiple sclerosis with Leu30Arg
(c.89TG) mutation in proteolipid protein.

The second most abundant protein in CNS myelin is 18.5-kDa isoform myelin basic
protein (MBP), with a proportion of 30% by weight of the myelin proteins (Kister and
Kister, 2023). MBP is recognized as the primary responsible protein involved in
myelination (Baumann and Pham-Dinh, 2001). The compaction of myelin and both
paranodal and juxtaparanodal integrity were shown to be highly reliant on MBP
biosynthesis (Meschkat et al., 2022). Moreover, the stability of axon-glia interactions
during myelination is tailored by MBP (Bakhti et al., 2014).

Another constitutional protein of myelin sheath is 2',3'-cyclic nucleotide 3'-
phosphodiesterase (CNPase), a membrane-anchored myelin enzyme that gives rise to 3—
4% of protein weight, making it the third most abundant protein in CNS myelin (Raasakka
and Kursula, 2014). Compared to MBP, little is established about its function in
myelination. Nevertheless, the absence of CNPase in transgenic mice models was shown
to be causing subsequent axonal swelling and neural death (Lappe-Siefke et al., 2003).
Studies on cultured oligodendrocytes (OLs) obtained from CNPase-deficient mice have
demonstrated the critical role of CNPase in OL support through interactions with the
cytoskeleton during myelination (Lee et al., 2005).

Although their quantification is minor, it is worth mentioning the glycoprotein
constituents of myelin sheath: MAG (myelin-associated glycoprotein) and MOG (myelin
oligodendrocyte glycoprotein). MAG is not present in the compact myelin but in
oligodendroglial membranes near axons. Most likely owing to its location, it functions in
the adhesion of mature oligodendrocytes to axons, and signaling dynamics between (Yin
et al., 1998; Pronker et al., 2016). The association of MAG dysfunction with myelination
diseases has been well recognized, indicating its non-negligible role in myelination even
its low quantity (Wajgt and Gorny, 1983; Lossos et al., 2015; Aboul-Enein et al., 2003).
Similarly, MOG is present on the membranes of oligodendrocytes as well as on the
surface of myelin sheath. This has also been suggested to be attributable to the potential

function of MOG as a cell surface receptor or cell adhesion molecule (Martini and
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Schachner, 1986). Since the earlier studies, it was reported that MOG is a differentiation

marker for oligodendrogenesis (Linington et al., 1988).

1.2  Key regulators of Oligodendrogenesis

The assembly of the myelin sheath, myelination, is reliant upon the proper
positioning, maturation, and proliferation of oligodendrocytes in the CNS. The collection
of multilamellar extensions of mature myelinating oligodendrocytes (myOLS),
oligodendrogenesis, gives rise to the formation of myelin sheath. The process of
oligodendrogenesis involves the creation of oligodendrocytes in the developing and adult
brain. It is essential for replacing damaged oligodendrocytes, maintaining myelin
plasticity, and regenerating myelin following demyelination in CNS (Fletcher et al.,
2021). The development of myOLs is directed by a precise program involving the
maturation of oligodendrocyte progenitor cells (OPCs). OPCs, also called NG2-glia (due
to the expression of NG2 proteoglycan on the cell surface) or polydendrocytes (named
after their multi-characteristics) (Dimou and Gallo, 2015), are distinguished from other
CNS cell residents by means of their electrophysiological characteristics and expression
of specific genes. In contrary to the linear electrophysiological profile of astrocytes and
mature oligodendrocytes, OPCs have unique and highly complex electrophysiology, such
as the presence of voltage-gated ion channel currents, ligand-gated ionotropic
neurotransmitter receptors and their capability to receive synaptic input from neurons
(Clarke et al., 2012; Lin and Bergles, 2004). The stage-specific gene expression profile
of OPCs primarily involves platelet-derived growth factor receptor a (PDGFRa), NG2
chondroitin sulphate proteoglycan, SOX10, O4 antigen, and the basic helix-loop-helix
transcription factors OLIG1 and OLIG2, which all are known to be essential for
regulating key stages of early oligodendrocyte development (for recent reviews, see
Wegner, 2008; Bergles and Richardson, 2016). Expression of OLIG1 and OLIG2 is
upregulated in response to induced expression of the class Il transcription factors Nkx6.1
and Nkx6.2 in differentiating neuroepithelial stem cells by Sonic hedgehog (Shh) (Nery
et al. 2001; Wegner 2008). The importance of the expression of OLIG2 and PDGFRa in
oligodendrogenesis and their regulation by Shh is thoroughly proposed by Nery et al.
(2001). Nkx2.1 mutant mice had produced telencephalic Shh negativity which in return
resulted in the absence of early expression of both OLIG2 and PDGFRa within the ventral
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telencephalon, suggesting the requirement of adequate regulation of the Shh pathway for
OLIG2 and PDGDRa expression, thereby, oligodendrocyte specification in vivo. In
another study, Zhou and Anderson (2002) emphasized the absolute need for OLIG1 and
OLIG2 expression for oligodendrocyte commitment. Oligodendrocyte specification
lineage is disrupted in Olig1/2 double-mutant mice, where pMN progenitors of the spinal
cord generated V2 interneurons and astrocytes instead of oligodendrocytes. The
underlying mechanism of the activity of OLIG2 in lineage specification is extensively
studied in literature. For instance, OLIG2 dimerizes with E2A proteins to induce SOX
family transcription factors, namely SOX9 and SOX10 expression (Akay et al., 2021).
Especially, the collaboration between OLIG2 and SOX10 is essential for early
oligodendrocyte development. In the CNS, the expression of SOX10 is elevated during
the development of glial precursor cells into OPCs, and it is shown to be persistently
expressed over oligodendrocyte differentiation and maturation (Stolt et al., 2002). In the
early postnatal subventricular zone (SVZ), neural stem cells are driven to mature into
oligodendrocytes by the interplay between Sox8, Sox9 and, Sox10 (Pozniak et al., 2010).
Among SOX families, the role of SOX2 can be considered as the most elusive and
controversial. In vitro levels of Sox2 in OPCs have been reported to be absent (Kondo
and Raff, 2004; Lyssiotis et al., 2007), whereas constant low expression is found to be
present in vivo (Dai, et al., 2015). Shen et al. (2008) proposed that SOX2 aids in the
maintenance of OPC proliferation yet has an inhibitory role in oligodendrocyte (OL)
differentiation and regeneration. Zhao et al. (2015) provided an insight within this
context, elucidating the function of SOX2. It appeared that although its role in
developmental myelination in the postnatal spinal cord is “dispensible”, the recruitment
of OPCs to the demyelinated areas of the spinal cord for myelin repair is sustained by
SOX2.



Introduction 6

1.3 ECM of CNS and Oligodendrogenesis

Oligodendrogenesis and myelination are highly dependent on the function of
extracellular matrix (ECM) components of CNS. In the context of CNS, the ECM refers
to the space between neurons and glial cells that accounts for about 20% of the total
volume of the brain (Benarroch, 2015). The ECM of CNS is predominantly composed of
Chondroitin sulfate proteoglycans (CSPGs) (aggrecan, versican, neurocan, brevican,
phosphacan), Heparan Sulfate Proteoglycans (HSPGs), and glycosaminoglycans (GAG),
(mainly hyaluronan, hyaluronic acid (HA), families), and basement membrane proteins
(collagen, laminin, nidogens (enactins), and fibronectin) (Zimmermann and Dours-
Zimmermann, 2008; Rowlands et al., 2015). The interaction between OL lineage cells
with basement membrane proteins was reported to be essential for maturation and
differentiation of these cells, and their myelination capacities. Laminin was shown as a
crucial promoter of the survival of OPCs and a determinant factor on the morphology of
OL lineage cells. Transgenic mice where the Lama2, the gene that encodes the laminin
a2-subunit, was deleted displayed decreased survival of OPCs and defects in myelination
(Relucio et al., 2012). The interaction between integrin B1 and laminin a chains positively
regulates the migration of OPCs along blood vessels (Suzuki et al., 2019). To the contrary
with laminin, fibronectin and hyaluronic acid are negative regulators of
oligodendrogenesis and myelination. Accumulation of fibronectin in demyelinated
plaques is present, attributed to the inhibition of the oligodendrocyte differentiation and
remyelination (Stoffels et al., 2013). Qin et al. (2017) proposed the exogenous treatment
of GD1a as a potential therapeutic for demyelination since it modulates the inhibiting
affect of fibronectin aggregation. Likewise, HA accumulation in white matter is detected
and shown to be a responsible component for OPC arrestment, preventing its
differentiation and subsequent remyelination in dysmyelinating disorders (Bugiani et al.,
2013). A recent study demonstrated the inhibitory role of hyaluronic acid and its allied
receptor CD44 in the morphological differentiation of OL progenitor cells, suggesting it
is a main contributory mechanism involved in the accumulation of degraded HA products
within the focal demyelinating lesions in MS patients (Sato et al., 2022).

The exact function of collagen in oligodendrogenesis has been poorly defined until
recently. Discoidin domain receptor 1, a ligand of collagen 1V, is highly expressed in OL

lineage cells (Vilella et al., 2019). Research investigating its function divulged that Ddrl
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facilitates OL differentiation and myelination (Franco-Pons et al., 2006; Mei et al., 2023).
Morphogenesis of OLs was demonstrated when OLs were incubated with collagen 1V,
credited for the DDR1 and MBP upregulation (Silva et al., 2023). This cumulating
evidence suggests collagen IV as a positive modulator for OL fate determinant as opposed
to fibronectin and HA. The role of CNS-ECM components on oligodendrogenesis and
myelination is summarized in Table 1. It is worth mentioning that the employed hydrogel
in this study, Gelatin Methacrylate (GelMA), is modified from gelatin, which is the
hydrolyzed product of collagen. Like collagen, gelatin possess the Arg-Gly-Asp (RGD
motif) sequence and the matrix metalloprotease (MMP) targeting sequence, favoring cell
adhesion, and ECM remodeling (Yin et al., 2022). These make GelMA an attractive

biomaterial for CNS tissue engineering (Loessner et al., 2016).

Table 1. The role of CNS ECM components in Oligodendrogenesis and Myelination

COMPONENT IMPORTANCE

Laminin © orc proliferation (Relucio et al., 2012)
© oPC migration (Suzuki et al., 2019)
myelination (Relucio et al., 2012).

Collagen © opc differentiation (Mei et al., 2023)
(+] myelination (Franco-Pons et al., 2006) (Silva et al.,
2023)

Fibronectin © orc proliferation (Stoffels et al., 2015)

& OPC differentiation (Stoffels et al., 2013)
° myelination (Siskova et al., 20006)

Hﬁ/zluronic acid @ OPC differentiation (Sato et al., 2022)
(HA) ° myelination (Bugiani et al., 2013)
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1.4  Biomaterials in Mimicking ECM of CNS

The recent advancements in biomaterials have illustrated that they have a tremendous
potency to mimic extracellular matrix, which can consequently provide proper cell
migration, localization, survival, and differentiation (Cramer and Badylak, 2019;
Levenberg et al., 2003). In such a context, hydrogels are considered to be ideal candidates
owing to their unique characteristics. Hydrogels are defined as a three-dimensional (3D)
network of polymer chains giving rise to multi-component systems with an ability of
water retain between macromolecules (Ahmed, 2015). 3D hydrogel models were
demonstrated as physiologically recapitulating platforms to study glioma biology as they
preserve the cell—cell, and cell-matrix interactions that resemble in vivo (Shah et al.,
2021). Also, studies concerning spinal cord injuries (SCI) and traumatic brain injuries
(TBI) shown potential applications of hydrogels in CNS tissue engineering and
regeneration, given their biomimetic properties. For instance, TBI rats that are treated
with Vascular endothelial growth factor (VEGF) incorporated collagen/heparin scaffold
displayed improvement in motor functions, neuro-inflammation, and brain edema (Zhang
et al., 2021). For similar purposes, Park et al. (2010) modified HA with laminin-derived
IKVAV peptide and Brain-derived neurotrophic factor (BDNF). The formed HA-scaffold
containing differentiated Human mesenchymal stem cells (hMSCs) was then implanted
into rat SCI models. Consequently, the hydrogel was degraded, releasing BDNF, and led
to locomotor recovery.

Gelatin methacrylate (GelMA) hydrogels, a modified gelatin with methacyrolyl
groups, have particularly attracted the widespread interest of researchers because of their
excellent water retention properties, biocompatibility, biodegradability, and moldability.
The effect of the GelMA environment on cell behavior, especially its tunable
characteristics like stiffness, is broadly established in glioblastoma studies (Fan et al.,
2015; Nguyen et al., 2016). However, until recently a few studies indicate the effect of
3D hydrogel scaffolds on OPC survival, oligodendrogenesis, and myelination. Russell
and Lampe (2017) demonstrated that the survival and morphology of MADM cells, cells
that express many markers of OPCs, are contingent upon hydrogel swelling and stiffness.
They have encapsulated OPCs with Polyethyleneglycol (PEG) based hydrogel in which
the size and concentration of PEG vary. The proliferation of OPC and commitment to

oligodendrocyte lineage were higher in more compliant and more crosslinked conditions,
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respectively. In hyaluronic acid-based hydrogels, lower hydrogel stiffness, with the
decreased concentration of norbornene-modified hyaluronic acid, facilitated higher levels
of cell viability and larger cell spheroid formation by MADM cells (Unal et al., 2020).
Only one study explored the transcriptional effect of a hydrogel scaffold on OPCs. By
compared to aforesaid studies, Nakano et al. (2023) employed primary OPCs and assessed
their proliferation and differentiation characteristics in 2D versus 3D collagen matrix. It
was reported that OPCs display a less mature genotype in 3D conditions than the ones
conventionally cultured. Within the 3D context, their proliferation rate increased in
scaffolds with lower collagen densities compared to in those with higher densities.
Overall, these findings indicate the importance of biomaterial properties in
oligodendrocyte fate.

Attempts on elucidating the cellular and molecular mechanisms of
oligodendrogenesis have been reliant on primary human oligodendrocytes. However, the
reproducibility of this method is limited due to the scarcity of available and viable human
brain tissue. Therefore, OPC-resembling cell lines like MADM, HOG (Human
oligodendroglioma), and MO3.13 have been used in 2D culture exposed to various
differentiation conditions, however; the results were inconsistent (Buntinx et al., 2003;
De Kleijn et al., 2019). Hence, a need for a novel in vitro platform, resembling in vivo
conditions, remains to monitor oligodendrogenesis and to further aid in enlightening
underlying cellular and molecular mechanisms. Based on the previously mentioned
studies, it is right to say there is a huge gap in the literature concerning the interaction
between 3D scaffolds and oligodendroglial cells. Moreover, as aforesaid, findings on 2D
culturing of cell lines, particularly HOG cells, were controversial. Given that, it remains
elusive whether the characteristics of hydrogels can manage to regulate the differentiation
and maturation of such cell lines and provide a recapitulating model without the need for
primary cells. Here, this study utilizes HOG cells, a clonal cell line derived from a
surgically removed human oligodendroglioma (Post and Dawson, 1992). HOG cells have
been used in studies concerning oligodendrocyte differentiation in vitro (Schoenfeld et
al., 2010; Gomez-Pinedo et al., 2022), auto-inflammation (Buntinx et al., 2004), viral
infection (Bello-Morales et al., 2012), and neurotoxicity (Martinez-Pinilla et al., 2021).
This current study investigates the effect of a multiplexed and micropatterned 3D GelMA
platform with different conditions, on the viability and spheroid formation. Maturation

status of Human Oligodendroglioma (HOG) cells within the hydrogel is also explored.
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Chapter 2:
METHODOLOGY

2.1  Cell Maintenance

Human Oligodendroglioma Cell Line (HOG), a tumor-derived cell line, is kindly
provided by Prof Dr Alaattin Sen (Department of Molecular Biology and Genetics,
Abdullah Gul University, Kayseri, Turkey). The cells were expanded in DMEM-High
Glucose (Sigma Aldrich, Cat. No. D6429), supplemented with 10% heat-inactivated FBS
(Biowest) and 1% Penicillin-Streptomycin solution (Biowest, Cat. No. L0022) and
incubated at 37 °C with 5% CO,. Cell passage was mediated every three days at 1:6
splitting with 0.25% Trypsin-EDTA (Multicell, Cat. No. 325-043-EL). SHSY-5Y cells,
a cloned subline of a neuroblastoma cell line from a metastatic bone tumor, were
expanded in DMEM-F12 (Multicell, Cat. No. 319-085-CL) which is supplemented with
10% FBS and 1% Penicillin-Streptomycin solution and incubated at 37 °C with 5% CO..
Cell passage was mediated every three days at 1:10 splitting with 0.25% Trypsin-EDTA.

2.2  GelMA synthesis

GelMA (ZetaMatrix) was synthesized by using the One Pot Method. (Shirahama
et al., 2016). Briefly, gelatin (10%) (w/v) in carbonate-bicarbonate buffer (0.25 M, pH =
9) was dissolved and reacted on a magnetic stirrer for 2 hours at 45 °C. Methacrylic
Anhydride (MAA) (MAA/gelatin = 0.1/1 (ml/g)) was slowly added to the mixture and
stirred at 500 rpm (Figure 2.2a). The reaction proceeded on a magnetic stirrer, at 50 °C
for 3 hours. Then, the pH of the solution was adjusted to 7.4 in order to terminate the
reaction. After being filtered, the solution was dialyzed with 10-14 kDa cut-off
membranes for a week in distilled water to remove salts, unreacted MAA compounds,
and other byproducts. The clarified GelMA solution was stored at —20 °C for 2 hours then
at -80 °C for at least 12 hours. The polymer solution was then lyophilized for a week and
the ultima freeze-dried product, GeIMA foam, was stored at —20 °C until further usage
(Figure 2.2Db).

10
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2.3  Surface Treatment of Coverslips

The adhesion of GelMA to coverslips (18x18 mm) (ISOLAB) was enhanced by
acrylation, which was achieved using 3-(trimethoxysilyl)propyl methacrylate
(TMSPMA) (Sigma-Aldrich, Cat. No. 440159). The protocol provided by Ersoy and
Sokullu (2019) was employed. Coverslips were dipped into a 10% (w/v) sodium
hydroxide (Merck, Germany) solution for 1.5 hours, followed by triple washing with
distilled water and drying in a vacuum oven. Then, coverslips were treated with
TMSPMA overnight at 80 °C. The treated coverslips were rinsed with absolute ethanol 3
times and let dry in a laminar flow hood. The coverslips were kept at room temperature

prior to the experiments and used within a week after acrylation.
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2.4 Preparation of pre-polymer solution

Pre-polymer solution was prepared by using a photoinitiator (PI) 2-Hyroxy-4'-(2-
hyroxyethoxy)-2-methylpropiophenone  (Irgacure  2959) to  later initiate
photopolymerization under UV, during encapsulation. Pl was dissolved in DPBS (1%)
(w/v) at 80 °C. 5% (w/v) GelMA was added to the solution and incubated at 37 °C. The
mixture was then filtered (0.2 um) and either immediately used or was covered with
aluminium foil and refrigerated at 4 °C until further use (Sawyer et al., 2016).

2.5  Scanning Electron Microscopy (SEM)

The morphological properties of photo-crosslinked GeIMA were observed by
Zeiss Ultra Plus Field Emission Scanning Electron Microscope (FE-SEM). Pre-polymer
solution was exposed to UV for different durations: 30, 40, and 50 seconds. Two
constructs were generated from each group of exposure time within a given biological
replicate. Non-crosslinked solution was washed away with DPBS, and the remaining 3D
hydrogel construct(s) was submerged in a 1 ml of DBPS to allow swelling. After 2 hours,
DPBS was removed by aspiration, and the constructs were kept at -20 °C for 2 hours.
Following that, they were transferred to -80 °C and kept overnight. The frozen GelMA
constructs were lyophilized for 24 h before imaging. Samples were sputtered with 25 nm
of gold. Imaging was performed at the electron high tension (EHT) of 3.00 kV with a
working distance of (WD) 6 mm. Quantification of pore sizes was executed by the image
processing software ImageJ and exported as a list. From the list, 250 values were

randomly selected, and subsequent analyses were done.

2.6 Green fluorescent protein (GFP) and Red fluorescent protein (RFP) tagging

Lentiviral mediated transduction was used for fluorescent labeling of the cells. HEK-
293T cells were used to package pLenti CMV GFP Puro plasmid (Addgene # 17448) and
Plenti-CMV-MCS-RFP-SV-puro (Addgene #109377) plasmids using cotransfected
psPAX2 and pMD2.G plasmids. Supernatants containing viruses were used for
transduction on HOG (GFP) and SH-SY5Y (RFP) cells.

12
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2.7  Encapsulation of HOG cells

HOG cells were trypsinized when they reached 80% confluency. Following the
inactivation of trypsin, centrifugation at 800 g took place for 5 minutes. Desired amount
of cell suspension was added into a new falcon, which was exposed to recentrifugation at
the same conditions. The supernatant was aspirated, and the pellet was mixed within the
pre-polymer solution, containing GelMA foam + Pl (Figure 2.7a), with a desired density
of cells (either 1, 2, or 4 million/ml). The passage numbers of HOG cells were between 8
and 15. The prepolymer solution, containing cells, were cured for 30, 40, and 50 seconds
using The OmniCure S2000 UV 12 Light Curing System (365 nm) (Excelitas
Technologies Corp., Waltham, MA, USA). Doughnut-shaped photomasks were put on
the covered cell/pre-polymer to obtain 3D micropatterned hydrogel constructs (Figure
2.7b). The amount of cell/prepolymer solution was 20 ul for each construct. Photomasks
were drawn with a graphical design software (CoreIDRAW, Corel corp., Canada) and
printed out by A Print, 1zmir, Turkey. UV curation was from 50 mm in which the power
density was set to 5, 25 W/cm2. The thickness of each construct has been arranged to 0.3
mm. After the UV exposure, the non-crosslinked solution was meticulously washed away
employing cell-grade DPBS. Following DBPS washing, a gentle wash with culture
medium was done. The requisite amount of medium, 2 ml on each well of 6-well plate,
was gently added onto encapsulated cells and was put into an incubator until further
assays. The culture medium was changed every other day.

13
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GelMA Hydrogel

@ micropatterned hydrogel
constructs

Hydrogel + cell suspension

Figure 2.7. Schematic representation of Encapsulation a) Prepolymer solution is
obtained via the mixture of GelMA foam in Irgacure 2959/PBS, in which the desired
amount of Human Oligodendroglioma (HOG)/or SH-SY5Y cells (See section 2.7) are
dissolved. b) Photo crosslinking, by virtue of photomasks, took place to form multiplexed-

micropatterned hydrogel constructs under UV irradiation (365 nm) (5.25 W/cm?).

2.8  Encapsulation of SH-SY5Y cells

SH-SY5Y cells were trypsinized when they reached 80% confluency. Following
the inactivation of trypsin, centrifugation at 400 g took place for 5 minutes. Desired
amount of cell suspension was added into a new falcon, which was exposed to
recentrifugation at the same conditions. The supernatant was aspirated, and the pellet was
mixed within the pre-polymer solution with a desired density of cells (either 0.5, 1, or 1.5
million/ml). Photopolymerization was achieved by the aforementioned method (Section
2.7) with an alteration of exposure durations, which were 40, 50, and 60 seconds. After
the UV exposure, the non-crosslinked solution was washed away employing cell-grade
DPBS. The requisite amount of medium, 2 ml on each well of 6-well plate, was gently
added onto encapsulated cells and was put into an incubator until further assays. The

culture medium was changed every other day.
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2.9  Cell Viability Assays

The viability of HOG and SH-SY5Y cells within three-dimensional gel constructs
was assessed using MTT ((3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide) (Invitrogen, Cat. No. M6494). MTT stock solution (5 mg/ml) in cell grade
DPBS was prepared and added into the serum-free medium at a concentration of 10 %
(as the final volume of each well of a 6 well-plate to be 1.5 ml) and incubated at 37 °C
for 4 h. The solution was removed and 1 ml of cell grade DMSO (Dimethyl sulfoxide)
(PanReac AppliChem, Cat. No. A3672) was added. The sample was incubated for 25
mins prior to the measurement of the optical density values of the wells at 570 nm, using
BioTek, Synergy H1 Hybrid Reader.

2.10 RNA Isolation and Reverse Transcription

For the quantification of respective gene expressions, HOG cells were maintained
in 2D and 3D conditions. HOG cells were encapsulated with a cell density of 4 mn/ml,
and the aforementioned UV exposure settings were followed, with 50 seconds of
exposure. The selection of 4 mn/ml aims to optimize conditions for the upcoming RNA
isolation experiments, focusing on maximizing RNA vyield. A total of three 3D-hydrogel
constructs were prepared. RNA of 2D-maintained HOG cells was isolated when they
reached 80% of confluency, which was attained two days after the initial seeding of 10°
cells into per well of a 6-well culture plate. RNA isolation was performed with
NucleoSpin RNA, Mini kit for RNA purification (Macherey-Nagel) following the
instructions of the manufacturer. The cells were trypsinized and centrifuged at 800 g for
5 min. The subsequent cell pellet was dissolved with DPBS and re-centrifuged at the same
conditions. The supernatant was removed with aspiration. In a separate tube, a mixture
containing 350 pl Buffer RA1 (Lysis Buffer) and 3.5 pl B-mercaptoethanol (B-ME)
(100X, 55 mM in DBPS) (Gibco) was prepared and added onto the cell pellet with gentle
pipetting. The working area and pipettes were cleaned with RNaseZap (Ambion) before

proceeding.

15



Methodology 16

RNA isolation protocol for 3D conditions was optimized with slight changes to the
standard method. The medium covering the 3D constructs was aspirated, followed by
DBPS washing to remove medium-based contaminants. Such a step is particularly crucial
in 3D since hydrogels retain the culture medium, which may lead to reduced RNA yield
and purity if not thoroughly removed. Initial mechanical disruption of hydrogels was
forced using a 10 pl pipette tip. Then, a lysis solution containing 500 ul RA1 and 5 ul B-
ME was added to all constructs, and vigorous pipetting was performed. The lysate was
transferred into a cryovial and snap-freezed with liquid nitrogen. The frozen sample(s)
was thawed at room temperature. Following thawing, the sample was passed through a
21-gauge needle with a 2-ml syringe for about 25 times. The lysates obtained from both
2D, and 3D conditions were placed into spin columns provided by the manufacturer and
processed using the given protocol. The concentration and the quality of obtained RNA
were determined by Thermo Scientific™ NanoDrop™ 2000/2000c Spectrophotometer.
150 ng of RNA was reverse transcribed using M-MLYV reverse transcriptase (200 U/pl)
(Invitrogen, Cat. No. 28025013). The resultant cDNA was not diluted, the final volume
was 25 pl.

2.11 Real Time-quantitative PCR

The expressions of MBP, CNPase, MOG, PDGFRa, NG2, OLIG2, SOX2,
SOX10, and GFAP were analysed using real time quantitative polymerase chain reaction
(RT- gPCR). RT-qPCR were performed in a final volume of 20 pl consisting of 1 x SYBR
Green gPCR master mix (QIAGEN, Germany) and 0.5 uM forward and reverse primers,
and 2 ul of cDNA using Roche LightCycler 480. The “no ¢cDNA” sample was processed
in parallel with the others and tested for each pair of primers to prevent any possible
contamination. For those, 2 ul of nuclease free water was put instead of cDNA. All
primers were designed using Primer Blast software, confirmed in UCSC Genome
Browser and synthesized by Macrogen, Europe. Beta Actin (ACTB) was used as a
housekeeping gene to normalize the expression levels. The 2024 €T method was used for

the calculation of gene expressions.

All primers were designed in the sequences provided on the next page.
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Table 2. Sequence of primers used for g°PCR

Gene Primer Sequence 5'-3'
o ACCCAAGATGAAAACCCCGTA
TCCGTAGCCAAATCCTGGTCT
cnpase COTGCTGCATTGCACAACCAAG
CTTGCGTGTCACAAAGAGGGCA
oG TTTTGATCCCCACTTTCTGAGG
CGTAGCTCTTCAAGGAATTGCC
obGrR,, AGCTEGTTGACCTTCAATGE
TTTGATTTCTTCCAGCATTGTG
. AGCTACAGCATGATGCAGGA
GGTCATGGAGTTGTACTGCA
cox1g CCCTGCTGAACGAAAGTGA
TCTTGTAGTGGGCCTGGATG
oLiGs GCTGCGTCTCAAGATCAACA
GCTGCGTCTCAAGATCAACA
- GTCCTGCCTGTCAATGACCAAC
CGATGGTGTAGACCAGATCCTC
Seap CTGGAGAGGAAGATTGAGTCGC
ACGTCAAGCTCCACATGGACCT
oTE GACAGGATGCAGAAGGAGATCAC

GCTGATCCACATCTGCTGGAA
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2.12 Immunofluorescence Staining

To see if MBP and MOG are present at the protein level, immunofluorescence
staining was performed. HOG cells that are maintained in 2D or 3D conditions were
treated. For 3D, the constructs were washed with DPBS 3 times for 1 minute each
washing. For 2D, the cover glasses were dipped into DPBS 3 times. Then, 1 ml of fixation
solution, 4% Paraformaldehyde (PFA), was added. The treated samples were incubated
in the dark, at room temperature for 30 min. After that, PFA was aspirated and washing
steps were followed. Washing with 0.3M Glycine and double washing with DPBS were
performed for 3 minutes on a shaker at 50 rpm, each. Then, the samples were incubated
with a blocking solution (3% BSA) for 1 hour at 50 rpm. Primary antibodies, MBP
(Abcam, Cat. No. ab62631) and MOG (Santa-Cruz, Cat. No. sc-166172) were directly
added to the blocking solution with optimized dilution factors (1:750 and 1:100,
respectively). Incubation took place for 16 hours at 4 °C. Following that, the samples were
washed with DPBS three times. Either goat anti-rabbit IgG Alexa Fluor 488 (for MBP)
or 647 (for MOG) (Invitrogen, Cat. No. A11008 and Abcam, Cat.No. ab150119,
respectively.) was added onto solutions with a dilution factor of 1:1000, and incubated
for 3 hours at RT. The samples were washed 3 times with DPBS and stained either with
Antifade Mounting Medium with DAPI (VECTASHIELD®, Cat. No. H-1200-10) (for
2D) or incubated with Hoechst (Thermo Scientific, Cat. No. 62249) (1:1000) (for 3D) for
5 min. Imaging was performed with Leica- DMI8 SP8 confocal microscopy.

2.13 2D treatment with UV and GelMA

A separate treatment of UV and GelMA was applied to HOG cells cultured in a
2D environment. 80 x 10° HOG cells each were seeded onto 3 different wells of a 6 well
plate(Considering 4 mn/ml condition was used to assess expression levels in 3D; 20 ul x
4 mn/ml = 80 x 10%). After incubation for a day, their media were aspirated. Then, the
treatment with either UV for 50 seconds from 50 mm above or with 20 ul GeIMA was
performed. One of the wells was not treated, serving as a control group. Then the fresh
medium was added, and RNA isolation was conducted on the second day after treatment

using the same protocol for 2D cultured HOG cells.
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2.14 Coculture of SH-SY5Y and HOG cells

Once the singular optimization of HOG and SH-SY5Y cells within GelMA was
attained, the co-coculture studies were initiated. The expression of Red Fluorescent
Protein (RFP) by SH-SY5Y and Green Fluorescent Protein (GFP) by HOG cells was
accomplished, allowing distinctive labelling while monitoring their physiological
interactions. When combined with GelMA, the final cell densities for RFP-tagged SH-
SY5Y and GFP-tagged HOG cells were 1 mn/ml and 4 mn/ml, respectively. Such
determination of cell densities was due to individual optimization of the cells (See
Sections 3.2 - 3.3, and 3.10 — 3.11). Encapsulation was mediated for 40 sec and 50 sec.
The images were taken on day O, day 3, day 5, and day 7. The constructs were
consecutively washed with DPBS and the culture medium. The culture medium
comprised a combination of 1X DMEM F12 and 4X DMEM High Glucose in both

experimental setups. The media were changed every other day.

2.15 Statistical Analysis

Prism software (v.8; GraphPad Software, San Diego, CA, United States) was used
for statistical analyses and graph generation. Significance levels were set at a confidence
interval of 5%. Sample variation was quantified as the standard error of the mean (SEM),

unless stated otherwise.
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Chapter 3:
RESULTS

3.1 Increased duration of UV exposure results in smaller pore sizes

The quantification of pore sizes in differentially crosslinked GelMA constructs
revealed the inverse proportion between UV exposure duration and the size of pores
(Figure 3.1a). A statistically significant difference in average pore size according to
exposure duration was found (F (2) =9.226, p = 0.0001). Average pore sizes in constructs
exposed to UV for 30 seconds and 40 seconds were 26.20 pm and 22.07 pm, respectively.
50 seconds of duration led to the average pore size of 15.82 um, which is remarkably
different from of 30- and 40-sec (p<0.0001, and p<0.0001, respectively). The images
taken illustrated the roughly sizes. The pores were randomly distributed with distinct sizes
(Figure 3.1b)
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Figure 3.1. The comparative effect of UV exposure duration on GelMA pore size. a)
Inverse relation between UV exposure duration and the size of pores was present. b) SEM
imaging illustrated the roughly sizes of pores, which were heterogeneously distributed.
Scale bars: 20 um and 10 um, with magnifications 500 X and 1000 X, respectively.
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3.2 Viability of HOG cells is positively correlated with initial cell density

The effect of initial encapsulated cell densities (1 mn/ml, 2 mn/ml, 4 mn/ml) on
the viability of HOG cells was tested over 5 days. The UV exposure duration was set to
40 seconds considering the previous observations on other tested cell lines in our research
group (unpublished data). The viability of HOG cells was induced with increased cell
density, indicating the importance of initial number of encapsulated cells in survival
(Figure 3.2). There was a significant difference between 1 mn/ml, and 2 mn/ml, and 4
mn/ml (p=0.018 and p=0.028, respectively). Viable cell density at day 5 did not
significantly differ in 4 mn/ml compared to 2 mn/ml (p=0.97), in fact, the mean values
were close to each other (562.48% and 583.63% respectively).

s | mn/ml
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Figure 3.2. The effect of initial cell density on the viability of HOG cells at day 5.
The percentage of viable cell densities was normalized to day O individually. ANOVA test
is based on duplicates in four independent experiments (n = 4). p-values: * < 0.05.

Margin of error: SEM.

3.3  Viability of HOG cells is enhanced by UV exposure duration

The effect of UV exposure duration on viability was tested over a 5-day period. The
initial cell density was set at 4 mn/ml, although no significant viability difference was
observed compared to 2 mn/ml. The selection of 4 mn/ml aims to optimize conditions for
the upcoming RNA isolation experiments, focusing on maximizing RNA vyield. The
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viability of cells followed a rising pattern with greater UV exposure time from 40-sec on;
the difference between the conditions of 30-sec and 40-sec was insignificant (viability %
mean difference: 9.58, p=0.99) (Figure 3.3). Viable cell percentage at day 5 was found
be significantly greater in 50 seconds of duration (710.9), compared to both 30- (538.5)
and 40- sec (528.9) (p=0.036 and p=0.027, respectively). These results may imply the
effect of stiffness dynamics appearing from distinct crosslinking durations, as further

discussed in detail (See Discussion).
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Figure 3.3. The effect of UV exposure duration on the viability of HOG cells at day
5. The percentage of viable cell densities was normalized to day O individually. ANOVA
test is based on duplicates in four independent experiments (n = 4). p-values: * < 0.05.

Margin of error: SEM.

3.4  The Formation of HOG Spheroids is favored via UV Exposure and Duration

of Incubation

The behavior of HOG cells tended toward spheroid formation when encapsulation
was maintained with a greater duration of UV exposure. The formation of spheroids was
observed on day 5 under UV exposure conditions of 40 and 50 seconds, with the latter
duration showing a notable effect, at 4 mn/ml cell density (p= 0.008) (Figure 3.4a). On
the other hand, in the 30-sec condition, a discernable amount of cell aggregates was
detected on day 5 yet no spheroids were deemed present. The mean diameter of cell
aggregates in the given condition was 45.08 um, significantly lower than that of 50-sec
(mean difference: 10.67 pum, p=0.005). Between the conditions of 30- and 40-sec, the
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mean difference in cell aggregate/spheroid sizes was 3.29 um, p=0.479). For 40- and
50-sec, mean diameters were 48.37 and 55.75 um, respectively (Figure 3.4b). The number
of cell aggregates per mm? was favored via increased UV exposure duration. In the
condition of 50-sec, the mean number was 101.2/mm?, significantly greater from of 30-
and 40-sec (30.18 and 83.01/mm?, p<0.0001 and p=0.002, respectively) (Figure 3.4c).

Building upon the aforementioned data, an assessment of the dynamics of spheroid
formation over time was conducted for the condition of 50-sec. The individual appearance
of cells on day 0 was rapidly diminished by day 3 and replaced by the formation of cell
aggregates, and spheroids (Figure 3.4d). On day 7, single cell population was found to be
minor, accompanied by an increased number of spheroids with larger volumes. The mean
size of spheroids on day 7 was 63.06 um, significantly greater than on day 3 (14.64 +
2.563 pm, p<0.0001) (Figure 3.4). Spheroid accumulation predominantly occurred along
the outer edges of the constructs on both days (Figure 3.4f and Figure 3.4g) (p< 0.0001
both). The mean diameter of the outer aggregates on day 7 was significantly greater than
of day 3, 77.63 um and 56.39 um, respectively (-21.24 +4.162, p < 0.0001).
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Figure 3.4. The comparative effect of UV and incubation duration on the behavior

of HOG cells. Encapsulation of HOG cells with a density of 4 million per ml within 5%

GelMA. Crosslinking is mediated for 30, 40, and 50 sec, from the distance of 50 mm

(above). Scale bar: 100 um. ) The formation of spheroids was observed on day 5 under

UV exposure conditions of 40 and 50 seconds, with the latter duration showing a notable

effect, at 4mn/ml cell density. b) The mean diameter of cell aggregates is greater in more

crosslinked conditions. ¢) The number of cell aggregates per mm? is the highest in 50-

sec. d) In the condition of 50 seconds of exposure, the formation of cell aggregates, and

spheroids is enhanced by day. e) At day 7, rise in the mean diameters of cell

aggregates/spheroids is observed. f) and g) Accumulation of spheroid along the outer

edges of the constructs on both days.
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3.5 Maintenance in GelMA upregulates OPC and OL markers, and rescues HOG
cells from astrocyte lineage

Following GelMA maintenance of HOG cells (4 mn/ml) with 50 seconds of
exposure, MRNA expression of transcription factors OLIG2 (p = 0.002), SOX2 (p
=0.0036) and SOX10 (p=0.032)(Figure 3.5a), OPC markers PDGFRa (p = 0.009) and
NG2 (p = 0.234) (Figure 3.5b), of myOL markers MBP (p = 0.003) and CNPase (p =
0.018), and of myOL marker MOG (p = 0.001) (Figure 3.5¢) was increased compared to
of 2D maintained HOG cells. The expression of GFAP was not detected in 3D whereas it
was found to be traceably expressed in 2D with a mean dCT value of 20.86 (SD=2.03)
(Figure 3.5d).
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Figure 3.5. Normalized mRNA expression of the genes involved in
oligodendrogenesis in GelMA maintained HOG cells. a) The expression of main

regulatory transcriptions factors of OL lineage specification and b) OPC markers are
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induced in response to incubation in GelMA hydrogel. c) Increase in the expression
of OL markers in HOG cells. d) Absence (Non-detection) of GFAP in 3D obtained HOG
cells. OL: oligodendrocyte lineage, OPC: oligodendrocyte precursor, ND: Non detected.
t-tests are based on duplicates in at least three independent experiments (n > 3). p-values:
* < 0.05, ** < 0.01

3.6 Translational expression of MOG is persistent in both 2D and 3D

The presence of MOG expression was confirmed at the protein level by
immunocytochemistry in both 2D and 3D (Figure 3.6a). In 3D-maintained cells, the cells
preserved their circular morphology, appearing as if they were ‘enveloped’ with MOG
protein (Figure 3.6b). A minor number of cells was not stained with MOG in 3D
condition, which may indicate some of the HOG cells exhibiting OPC features as mRNA
expression of both NG2 (even though this one was not significant) and PDGFRa was
found to be increased (See Section 3.5). The 3D projection of MOG signal, showcasing

embedded cells, is demonstrated through confocal microscopy (Figure 3.6c).
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Figure 3.6. Immunocytochemical analysis of MOG in 2D cultivated and 3D maintained HOG
cells. a) Representative image of MOG stainings in HOG cells in 2D versus 3D. b) Representative
images of MOG presence in GelMA-maintained HOG cells with different magnifications. c) 3D

projection of MOG signals.
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3.7  Translational expression of MBP is persistent in both 2D and 3D

The presence of MBP expression was confirmed at the protein level by
immunocytochemistry in both 2D and 3D (Figure 3.7a). Like MOG staining images, in
3D-maintained cells, the cells were observed with their circular morphology, appearing
as if they were 'enveloped’ with MBP protein (Figure 3.7b). Again, consistent with MOG
appearance, a minor number of cells was not stained with MBP in 3D condition, which
may indicate some of the HOG cells exhibiting OPC features explaining mRNA
expression of both NG2 (non-significant) and PDGFRa (significant) was found to be
increased (See Section 3.5). The 3D projection of MBP signal, showcasing embedded

cells, is demonstrated through confocal microscopy (Figure 3.7c).
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Figure 3.7. Immunocytochemical analysis of MBP in 2D cultivated and 3D maintained HOG
cells. a) Representative image of MBP stainings in HOG cells in 2D versus 3D. b) Representative
images of MBP presence in GelMA-maintained HOG cells with different magnifications. c) 3D

projection of MBP signal.
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3.8  Separate treatment of UV and GelMA in 2D condition does not significantly
alter the OL expression profile of HOG cells

A separate treatment of UV and GelMA was applied to HOG cells cultured in a 2D
environment. Then, the resulting impact on gene expression was compared with that of
non-treated HOG cells. Neither UV treatment nor GelIMA addition made significant
changes in the transcriptional profile of HOG cells (Figure 3.8). In UV-exposed cells, the
fold change of expressions compared to 2D were as follows: MBP: 1.18, p= 0.88;
CNPase: 1.21, p=0.47; MOG: 1.73, p= 0.56; PDGFRa: 1.69, p=0.47; SOX10: 1.39, p=
0.56; OLIG2: 0.98, p= 0.88; NG2: 0.84, p= 0.16). The fold changes in GelIMA treated
cells were: MBP: 1.43, p=0.23; CNPase: 1.20, p=0.61; MOG: 1.17, p= 0.66; PDGFRa:
2.02, p=0.65; SOX10: 1.39, p=1.08; OLIG2: 0.99, p= 0.98; NG2: 0.76, p= 0.25).

3.0 =
B UV-treated

2.5 . GelMA-treated

2.0=—

Fold change respective to non-treated

SELS S
R
Figure 3.8. The comparison of the HOG expression profile in UV versus GelMA
treated cells. The fold change values were normalized to non-treated control group.
Multiple t-tests are based on triplicates in three independent experiments (n = 3). Margin
of error: SEM.
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3.9 UV treatment of 2D HOG cells exhibit apoptotic characteristics

The difference in morphologies between non-treated (Figure 3.9a.), GeMA treated
(3.9b) and UV treated (Figure 3.9c) HOG cells was tracked for 2 days following
attachment of the cells (DAY 0). At Day 1, both non treated and GelMA treated groups
exhibited healthy branching, while some cells in the UV-treated group failed in this sense.
At day 2, GelMA treated cells were observed to be higher in density even it was a minor
difference. However, it would be inappropriate to make definitive claims since no cyto-
viability assay was conducted. UV-treated cells started to display more branching by

compared to their day 1, however, apoptotic cells were also present.
a 4X 10X 20X 40X
pavo B

DAY 1

DAY 2 [

DAY 0

DAY 1

DAY 2
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DAY 0

DAY 1 [

DAY 2 S

Figure 3.9. The difference in morphologies between non-treated, GelMA-treated,
and UV-treated 2D HOG cells. Both non-treated (a) and GelMA-treated (b) groups
exhibited healthier branching than UV-treated cells (c). At day 2, the number of cells was
deemed to be greatest in GelMA- treated group. UV-treated cells started to display more
branching by compared to their day 1, however, the appearance of more apoptotic cells

was discerned.

3.10 The degradation of GelMA is induced with initial SH-SY5Y cell density

SH-SY5Y cells with different initial encapsulation cell densities (0.5 mn/ml, 1
mn/ml, and 1.5 mn/ml) were exposed to UV for 40 seconds. The migration of them
between micropatterns and their degradation capabilities was imaged at day O
(encapsulation day), 5 and 7 (Figure 3.10). Compared to day 0, no distinguished
degradation difference was detected between the groups on day 5. Nonetheless, cells with
initial density of 1.5 mn/ml displayed higher features of migrations, which could be
accredited increased cell number. On day 7 groups with 1 mn/ml and 1.5 mn/ml exhibited

complete degradation of the hydrogel, again; can be related to higher cell density.
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0.5 mn/ml 1 mn/ml 1.5 mn/ml

DAY 0

DAY 5

DAY 7

Figure 3.10. The effect of initial cell densities on the degradation of GelMA and
migration of SH-SY5Y cells. While the conditions of 1 mn/ml and 1.5 mn/ml had displayed
the most remarkable changes accompanied with complete degradation on day 7

respective to day 0. There was not an obvious difference in 0.5 mn/ml. Scale bar: 300 um.

3.11 Viability of SH-SY5Y is reduced with increased UV exposure

The effect of UV exposure duration on the viability of SH-SY5Y (1 mn/ml) cells was
tested over a 5-day period. The viability of cells followed a reducing pattern with greater
UV exposure time from 40-sec to 60-sec (p=0.001); the mean viability percentages on
day 5 were as follows: 40-sec: 684.2; 50-sec: 459.3; 60-sec: 279.5 (Figure 3.11a). Viable
cell percentage at day 5, was found be significantly lower in 60 sec of duration compared
to both 40- and 50-sec (p<0.0001 and p=0.003, respectively). The degradation of GelMA
and migration of SH-SY5Y cells was facilitated in 40-sec condition (Figure 3.11b).
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Figure 3.11. The effect of UV exposure duration on the viability and migration of
SH-SY5Y cells. a) Inverse relation between UV exposure duration and SH-SY5Y
proliferation. The percentage of viable cell densities was normalized to day 0 individually.
ANOVA test is based on duplicates in four independent experiments (n = 4). p-values: **
< 0.05, *** < 0.001, **** < 0.0001 b) Microscopy imaging illustrated that the
degradation of GelMA and migration of SH-SY5Y cells was more pronounced in 40-sec

condition. Scale bar: 300 um. Margin of error: SEM
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3.12 SH-SY5Y branching is present in all UV exposure conditions

Even though UV exposure duration had adverse effect on the viability of SH-SY5Y
cells, morphological features of it was observed to be similar in all the crosslinking
conditions in which the branching was discern (Figure 3.12). At day 1, the SH-SY5Y

cells started to exhibit their extensions.

40 SEC 50 SEC 60 SEC

DAY 1

Figure 3.12. SH-SY5Y branching in different UV exposure conditions (40 sec, 50 sec, and 60 sec)

illustrates that morphological characteristics are similar in all those conditions. Scale bar: 70 um

3.13 Viability of SH-SY5Y follows a positive trend over 7 days

After optimization of the encapsulation conditions (1 mn/ml, 50-sec) for SH-SY5Y
cells, MTT analysis over 7-day period was conducted. Such optimization was decided
since the degradation of GelMA occurred earlier than expected and was persistent in the
conditions of 1 mn/ml and 1.5 mn/ml when the UV exposure time was set to 40 seconds.
0.5 mn/ml was not selected for further studies since healthy cellular features seemed not
to be sufficient.

There was no significant viability difference between day 0 and day 1 (mean
difference: 45.4%, p=0.4). On day 4 and day 7 viable cell percentage was significantly
greater respective to day 0 (462.9% and 691.3%, respectively; p < 0.0001 for both)
(Figure 3.13).
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Figure 3.13. Viability of SH-SY5Y cells over 7 days. Viability of SH-SY5Y cells (1
mn/ml) that were encapsulated with the conditions of 50-sec of UV exposure from 50 mm
above. The percentage of viable cell densities was normalized to day O individually.
ANOVA test is based on duplicates in four independent experiments (n = 4). p-values:
**** < (0. 0001.Margin of error: SEM

3.14 The interaction between SH-SY5Y and HOG cells is facilitated within a more
UV-exposed condition

To observe the interaction between SH-SY5Y and HOG cells, 3D coculture was
employed, where the initial encapsulation densities of them were 1 mn/ml and 4 mn/ml,
respectively. The cell density of both SH-SY5Y and HOG cells was observed to be
increasing day by day with longer UV exposure time (Figure 3.14a). Distinctive images
illustrating their individual occupancy were taken on day 5 with confocal microscopy
(Figure 3.14b). Merged images revealed the accumulation of SH-SY5Y cells proximal to
HOG cell aggregates at 40-sec condition (Figure 3.14c), with a more pronounced rise at
50-sec near HOG spheroids (Figure 3.14d). The 3D projection showcasing the
interactions on day 5, is demonstrated through confocal microscopy (Figure 3.14e and
Figure 3.14f).
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Figure 3.14. The 3D-3D interaction between SH-SY5Y (RFP, red) and HOG (GFP,
green) cells. SH-SY5Y (1 mn/ml) and HOG (4 mn/ml) cells are concurrently encapsulated
for 40 or 50 seconds. a) The density of both cells was deemed higher with increased UV.
Scale bar: 300 um. b) The accumulation of SH-SY5Y cells near HOG aggregates and
spheroids at day 5 (c and d), with later exposure duration, 50-sec, showing a notable
effect (d) Scale bar: 100 um. €) 3D projection of SH-SY5Y - HOG interaction on day 5,
at 40-sec condition. f) 3D projection of SH-SY5Y - HOG interaction on day 5, at 50-sec
condition. Scale bar: 200 um.
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Chapter 4:
DISCUSSION

Despite accumulating efforts being put into elucidating the mechanisms of
oligodendrogenesis in vivo, there persists a need for in vitro platforms serving as suitable
models. Here, a multiplexed and micropatterned 3D GelMA hydrogel was generated to
investigate the fate of HOG cells within. Both viability and spheroid formation dynamics
were codependent on prolonged UV exposure durations. This finding was unanticipated
considering the well-known detrimental effect of UV radiation (Sharifi et al., 2021). One
plausible factor leading such increase could be the preference of HOG cells for a stiffer
environment. This assumption is grounded in the idea that increased UV exposure time
(30 to 50 seconds) had a direct impact on the stiffness of GelMA hydrogel. Adjusting the
UV curation dose and time is recognized as integral aspects for tuning hydrogel
mechanical properties, including stiffness (Xiao et al., 2019). Earlier research
demonstrated that elastic modulus of GelMA hydrogel becomes larger with the increase
of UV exposure time. O’Connell et al. (2018) observed a parallel relationship between
the slope of the stiffness gradient and the UV exposure time of the 10% GelMA solution,
up to approximately 70 seconds. Another study, utilizing the same UV equipment and
employing the same GelMA concentration as herein, reported the photopolymerization
onset of 5% GelMA to be 15 seconds, accompanied by an increased elastic modulus (E)
within a range of 15 to 120 seconds (Lin et al., 2013). SEM images here demonstrated an
inverse relation between pore sizes and UV exposure duration. Kim et al. (2020) shown
that stiffer GeIMA hydrogels have smaller pore size. Collectively, one could argue that
an exposure time of 50 seconds resulted in an environment characterized by the highest
stiffness in this study. The moduli of the 3D culture conditions, 30, 40, and 50 seconds of
UV durations, must yet to be determined. Noteworthy, these results emphasize the
importance of ECM characteristics in shaping cell behavior with which similar studies
are in agreement. For instance, CG4 cells, the cells reflecting the main features of OPCs,
in a hyaluronic acid-gelatin matrix displayed round morphology in cell aggregates within
stiffer hydrogel, aligning with this study’s observations (Li et al., 2013). Notably, Li et
al. (2013) observed that more spherical morphology was emerging as the storage modulus

(E") increased, starting from 120 Pa and trending towards 1000 Pa.
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The proliferation rate was found to be greater when E’<120 Pa, whereas maintenance in
stiffer conditions (E’>120) led to the opposite. Conversely, here the proliferation of HOG
cells was the greatest in 50-sec condition, indicating a direct proportional relation between
stiffness and viability. Leipzig and Shoichet (2009) revealed distinguished proliferation
and differentiation patterns of Neuronal stem cells (NSCs) on MAC (methacyrlamide
chitosan) surfaces with different stiffness values: <1 kPa, 3.5 kPa, and 7 kPa. The number
of oligodendrocytes was greater at 7 kPa which indicates oligodendrocytes proliferation
was induced with increased stiffness. When the stiffness was <1 kPa, the expressions of
MOG and CNPase were the highest, suggesting that the maturation of oligodendrocytes
is enhanced in less stiff hydrogels.

In contrary to above, Russell and Lampe (2017) demonstrated that proliferation and
larger spheroid formation of MADM cells were deemed in a more compliant PEG-based
scaffold. Unal and colleagues reported likewise in MADM cells within hyaluronic acid-
based hydrogels (Unal et al., 2020). Unfortunately, since storage modulus values for the
tested conditions with distinct UV exposures were not measured, it remains elusive at
which kPa values HOG cells display these monitored features. Variety in these results,
including here, may have arisen from the difference in source materials, cells, and even
culturing conditions.

Regarding spheroid formation by HOG cells, it should be noted that this study not
only demonstrated the effect of UV duration but also the potential correlation of spheroid
accumulation on the outer edges of micropatterned gels (See Figure 3.4). Facile diffusion
of medium components on the proximity may have been the reason for increased number
and size of spheroids along the edges.

The impact of UV exposure duration was scrutinized in SH-SY5Y cells as well.
Contradictory to HOG cells, the viability of SH-SY5Y cells was inversely affected in
response to UV exposure. This may be due to the toxic effect of UV or/and change in
stiffness. Coculture of SH-SY5Y cells with HOG cells was conducted to understand if an
interaction would occur. Although SH-SY5Y cells were not differentiated into mature
neurons, their interaction with HOG cells was evident, leading to accumulation near HOG

spheroids with the latter crosslinking exhibiting a notable effect.
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This finding holds promise for further exploration involving mature neurons and
oligodendrocyte lineage cells within the hydrogel to unravel the model's potential for
accurately representing myelination processes as well.

Another important factor determining the characteristics of HOG cells in GelMA was
the initial cell densities, consistent with the previous studies of oligodendroglial cells in
vitro (De Kleijn et al., 2019; Janowska et al., 2018). Given that, although there was no
significant viability difference at day 5 between 2 mn/ml and 4 mn/ml, experiments have
proceeded with 4 mn/ml to assess differential mMRNA and protein expressions compared
to 2D cultivated cells. That was because of the major concern of RNA yield: isolation
from the 4 mn/ml condition had yielded more RNA concentration (unpublished data).
Maintenance in GelMA induced the expression of transcription factors OLIG2, SOX2,
and SOX10, pointing to the initiation of early oligodendrocyte development. However,
considering the controversy about the role of SOX2 in literature, it would be erroneous to
be confidently argued. Notwithstanding that SOX2 is known for its function in
maintaining an undifferentiated precursor state (Shen et al., 2008; Graham et al., 2003),
its activator role in OL differentiation has been acknowledged (Hoffmann et al., 2014;
Zhang et al., 2018). In so much that Zhang et al. (2018) recommended SOX2 as a
therapeutic target for dysmyelinating and demyelinating disorders.

It has been shown that OLIG2 is a primary determinant of oligodendrocyte fate
specification (Liu et al., 2007; Dai et al., 2015). Based on the findings of this thesis and
previously mentioned observations in the literature, the increased expression of PDGFRa
and myelination markers MBP and MOG demonstrated here may be ascribed to the
synergistic effect of OLIG2 and SOX families. A direct correlation between OLIG2 and
SOX2 was reported in recent studies, underlying these observations. Domingo-Muelas et
al. (2023) found that SOX2 and OLIG2 expressions positively correlate since SOX2 can
bind to the regulatory region of OLIG2. Another study demonstrated that, following the
OLIG2 knockdown, a substantial decrease occurred in the expression of SOX2 (Kupp et
al., 2016). Likewise, OLIG2 silencing was shown to lead to the downregulation of
PDGFRa, bearably indicating commensurate relation. Deficiency of SOX10 has been
found to exert similar effects (Finzch et al., 2008). One of the earliest studies regarding
the role of SOX10 established that the terminal differentiation of myelin-forming
oligodendrocytes depends on the activity of SOX10 (Stolt et al., 2002). Both SOX2 and
SOX10 are able to bind to the promoter region of the MBP gene (Hoffman et al. 2014;
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Wei et al., 2004; Stolt et al., 2002) which may be one of the possible explanations for the
transcriptional upregulation of MBP in findings here. Likewise, studies on mice and
zebrafish highlighted the cooperation between OLIG families and SOX10 in the
upregulation of MBP (Wissmuller et al., 2006; Li et al., 2007), which again could be one
of the ongoing upregulatory mechanisms within 3D-HOG cells even after the expression
profile of OLIG1 was not tested. MOG has been recently identified as a target of SOX8
and SOX10. Turnescu et al. (2018) showed that transcription of MOG was downregulated
in SOX8 deficient mice, and its downregulation was further accelerated upon deletion of
SOX10. Hence, like the increased MBP transcription in 3D-HOG cells, MOG
upregulation may also be pursued to SOX10.

At the immunocytochemical level, the expression of MBP together with MOG was
persistent in 2D and 3D maintained cells. The exact quantitative comparison was not
given, conduction of western blotting may be considered for further. A minor number of
cells was not stained with MOG and MBP in 3D condition, which may indicate some of
the HOG cells exhibiting OPC features as mMRNA expression of both NG2, even it was
not significant, and PDGFRa was found to be increased. In 2D context, discrepancies in
findings exist where the expression of MBP was reported to be either present (Buntinx et
al., 2003, Post and Dawson, 1992) or lacking (Arriba Zerpa et al., 2000; Dkleijn et al.,
2019) in differentiated HOG cells. Furthermore, it has been suggested that HOG cells
may not completely represent oligodendroglia characteristics since the expression of
astrocyte markers, including GFAP, is detected even after HOG cells are maintained in
various media that supposedly should induce oligodendrocyte differentiation (Dkleijn et
al., 2019). Here, the absence of GFAP in cells obtained from GelMA conditions may
indicate a possible rescue of HOG cells from the astrocyte lineage. As a potential
explanation, OLIG2-mediated regulation of the lineage specification of NG2 cells may
be exemplified based on the previous findings. For instance, Zhu et al. (2012) stated that
in the neocortex and corpus callosum of transgenic mice, and the neocortex of perinatal
mice, NG2 cells differentiated into astrocytes instead of oligodendrocytes when OLIG2
was deleted. In parallel, deletion of OLIG2 in immature astrocytes caused GFAP
upregulation occurred in the cortex (Cai et al., 2007). Hence, it can be interpreted that
HOG cells expressing higher levels of OL1G2 compared to 2D-maintained cells are more
likely to possess oligodendrocyte characteristics rather than astrocyte. On the other hand,
Komitova et al. (2011) investigated the OL1G2 knockout in NG2 cells around a stab

44



Discussion 45

wound and concluded that differentiation into astroglial cells did not occur. It was claimed
that OLIG2 is not an important regulator of NG2 cells in the neocortex of adult mice.

In support of the observed effect of GeIMA on HOG cells, the injection of GeIMA
hydrogel into SCI mice models resulted in the downregulation of GFAP (Zhang and
Saijilafu, 2021). Even not in the context of CNS, Shahidi et al. (2021) found increased
expression of MBP and MAG in Schwann cells and enhanced myelination via GelMA
maintenance in comparison with incubation on Poly-d Lysine (PDL) and collagen.
Overall, these evidence suggest the positive regulatory role of the GelMA in
oligodendrogenesis and myelination both in CNS and peripheral nervous system (PNS).

To ascertain whether alterations in the expression of OL genes were exclusive to 3D
maintenance, a separate treatment of UV and GelMA was applied to HOG cells cultured
in a 2D environment. Then, the resulting impact on gene expression was compared with
that of non-treated HOG cells. Expectedly, neither UV treatment nor GelMA addition
made significant changes on the expression profile of HOG cells. Thus, it can be more
confidently reinforced that 3D maintenance has a unique and impactful role in
determining the fate of HOG cells.

This study shows the regulatory effect of the GelMA environment on transcription
of HOG cells. Upregulation of key transcription factors involved in OL specification
(OLIG2, SOX2, and SOX10), OPC (PDGFRa and NG2), and oligodendrocyte markers
(CNPase, MBP and MOG), coupled with the absence of GFAP may imply that HOG cells
are committed towards OPC and OL differentiation, with a possible rescue from astrocyte
lineage.

Some limitations of this study must be acknowledged. The exact quantification of
the storage modulus of the constructs at different UV duration conditions needs to be
performed by rheological measurements. It must be enlightened whether the stiffness of
the optimized condition (4mn/ml, 50 seconds of exposure) that favors more viability and
spheroid formation does match with brain tissue (200—2000 Pa (Li et al., 2012)) or with
the best condition for OL maturation and myelination (<1kPa (Leipzig and Shoichet,
2009). Also, the comparison of various UV exposure durations in the context of
transcriptional regulation may be considered to clarify the influence of biomaterial
properties on OL specification. Notwithstanding such elusiveness, these results imply the
regulatory effect of the GelMA environment on transcription, altering the fate of HOG
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cells. Therefore, this platform could potentially be of note as a culture model of
oligodendrogenesis.

As a further perspective, co-culture of HOG cells with neurons may be considered to
assess the potency of myelination utilizing this model. Additionally, the 3D GelMA
hydrogel model may offer two main contributions to drug development studies. First, it
may serve as a bridging platform between 2D and in vivo myelination studies thanks to
its biomimetic properties. Second, it holds the potential to be employed in CNS drug-
delivering studies owing to its biodegradability and biocompatibility.
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Chapter 5:
CONCLUSION

The study unfolds the impact of a multiplexed and micropatterned 3D GelMA
platform on the cellular behavior and expression profile of HOG cells. Both proliferation
and spheroid formation were enhanced with prolonged crosslinking durations, illustrating
the importance of ECM dynamics on cellular behavior. This study shows the regulatory
effect of the GelMA environment on transcription of HOG cells. Upregulation of key
transcription factors involved in OL specification (OLIG2, SOX2, and SOX10), OPC
(PDGFRa and NG2), and oligodendrocyte markers (CNPase, MBP and MOG), coupled
with the absence of GFAP may imply that HOG cells are committed towards OPC and
OL differentiation, with a possible rescue from astrocyte lineage. Neither UV treatment
nor GelMA addition in 2D had significant changes on the expression profile of HOG
cells, suggesting the exclusiveness of 3D. The introduction of a coculture experiment with
SH-SY5Y cells provided an additional layer to the study, revealing interactions near HOG
spheroids, particularly notable with prolonged crosslinking. However, the non-
differentiation of SH-SY5Y cells into mature neurons must be acknowledged. The
conclusion suggests the need for further exploration involving mature neurons and
oligodendrocyte lineage cells within the hydrogel to unravel the model's potential for

accurately representing myelination processes as well.
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