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ABSTRACT

Mesenchymal stem cells derived from amnion (AM-MSCs) has the ability of self-renewal
and multilineage differentiation capacity to generate adipocytes and osteoblasts.
However, there are limitations for continuous stem cells culture in term of cell supply
and the differentiation capacity of amnion-derived MSCs. Progresses in biomaterials
engineering enable the study of MSCs in /n vitro cell expansion system to overcome this
limitation. Biomaterials create a physical environment which can manipulate cells without
any requirement for chemical factors. This study aimed to investigate how graphene
oxide (GO) and collagen (COL) modulate proliferation, stemness and differentiation
potentials of AM-MSCs. AM-MSCs were isolated and cultured in DMEM/F12 media. AM-
MSCs were grown in osteogenic and adipogenic condition with and without the presence
of biomaterials. RT-PCR determined the expression of genes involved in self-renewal and
differentiation genes. The roles of MAPK pathways in regulatin AM-MSCs were done
using Western Blot. The results showed that AM-MSCs exhibited spindle-shaped like cells
morphology. AM-MSCs cultured in both GO and COL plates showed comparable
proliferation as compared to the controls. However, both biomaterials altered the
stemness markers and differentiation genes differently. Results showed elevated
expressions of stemness (OCT73/4 & NANOG), osteogenic (RUNX2 & OCN) and
adipogenic (CEBPA & CEBPB) genes when cells cultured in the presence of COL for both
basal and osteo-adipogenic condition. In the presence of GO without induction, the
expression of stemness and osteogenic genes were maintained but not adipogenic
genes. In AM-MSCs-GO sample, stemness genes were either suppressed or unaltered.
Surprisingly, suppression of adipogenic genes (CEBPA & CEBPB) was observed in AM-
MSCs-GO whereby osteogenic genes showed little effect. Besides that, the presence of
collagen had some effect in upregulating the expression of the histone acetyltransferase
(AMOF) and DNA methyltransferase (DNMT3A & DNMT3B), but little changes were found
in GO samples. In addition, activation of ERK and p38 pathways were affected by COL
but not GO. In conclusion, these results demonstrated that collagen enhanced both
osteo-adipogenic differentiation in AM-MSCs, while graphene oxide has a much more

reserved lineage-specific differentiation.



ABSTRAK

MODULASI BIOMATERIAL TERHADAP PROLIFERASI DAN EKSPRESI GEN SEL
MESENKIMAL BERASAL DARI AMNION

Sel stem mesenkima yang diperolehi dari amnion (AM-MSCs) mempunyai keupayaan
pembaharuan diri dan kapasiti pembezaan sel untuk menjana adiposit dan osteoblas.
Walau bagaimanapun, terdapat batasan bagi memperolehi sel stem dari segi bekalan sel
dan kapasiti pembezaan sel stem. Kemajuan kejuruteraan biobahan membolehkan
kajian MSC dalam pengembangan sel secara in vitro untuk mengatasi batasan tersebut.
Biobahan mewujudkan persekitaran fizikal yang dapat memanipulasi sel tanpa sebarang
keperluan untuk faktor kimia. Tujuan kajian ini adalah untuk mengkaji bagaimana
graphene oksida (GO) dan kolagen (COL) memodulasi proliferasi, “stemness” dan
potensi pembezaan AM-MSCs. AM-MSCs telah diasingkan dan ditumbuhkan dalam media
DMEM/F12. AM-MSCs ditumbuh dalm keadaan osteogenik dan adjpogenik dengan
kehadiran atau tanpa biobahan. Ekspresi gen yang terlibat dalam pembaharuan diri dan
pembezaan ditentukan oleh RT-PCR. Protein sasaran yang terlibat dalam modifikasi
epigenetik dikesan dengan menggunakan Western Blot. Hasil kajian menunjukkan
bahawa AM-MSCs berbentuk spindle serupa sel fibroblas dan mempunyai morfologi
seperti sel epitelium. Pertumbuhan AM-MSCs bersama-sama dengan GO dan COL
menunjukkan kadar proliferasi yang standing berbanding dengan kawalan. Walau
bagaimanapun, kedua-dua biobahan mengubah penanda-penanda "stemness” (OCT3/4
& NANOG) dan gen osteogenic (RUNX2 & OCN) dan gen adipogenik (CEBPA & CEBPB)
ketika sel dikultur dengan adanya COL di media normal dan media osteo-adipogenik.
Dengan adanya GO tanpa induksi ekspresi 'stemness” dan gen osteogenik
dipertahankan tetapi bukan gen adjpogenik. Dalam sampel AM-MSCs-GO, gen
"stemness” sama ada dikurangkan atau tidak berubah. Tambahan lagi, penyekatan gen
adipogenik (CEBPA & CEBPB) dapat dilihat di AM-MSCs-GO di mana gen osteogenik
menunjukkan sedikit kesan. Selain itu, kehadiran kolagen mempunyai beberapa
pengaruh dalam mengatur ekspresi histone acetyltransferase (hMOF) dan DNA
methyltransferase (DNMT3A & DNMT3B), tetapi sedikit perubahan ditemui pada sampel

Vi



GO. Di samping itu, pengaktifan laluan ERK dan p38 dijpengaruhi oleh COL tetapi tidak
pada GO. Kesimpulannya, hasil ini menunjukkan bahawa kolagen meningkatkan kedua-
dua pembezaan osteo-adipogenik pada AM-MSC, sementara graphene oxide mempunyai

pembezaan khusus garis diferensiasi sel yang jauh lebih tersimpan.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Stem cell is categorized as unique cells due to their pluripotent, multipotent, and
unipotent that enable the cells to develop into many cell types (Azandeh et al., 2012).
Mesenchymal Stem Cell (MSC) is an adult stem cell which has the ability of self-renewal
and multilineage differentiation capacity (Han et a/,, 2013). Okolicsanyi et al., (2015)
recently reported that MSCs isolated from other part of adult tissue showed significantly
varying morphology, differentiation capabilities, and gene expression. MSCs can be
grown for about 20 to 25 passages in the laboratory and still retain a stable morphology

and normal chromosome complement.

Mesenchymal stem cells (MSCs) have created much enthusiasm as a potential hotspot
for cell-based therapeutic research. These cells can be highly expanded and
differentiated into a variety of cell types. The advantage of MSCs is that this cell can be
directly obtained from an individual, therefore get rid of the complications related to the
immune rejection of allogeneic tissue and infectious diseases (Katti, 2013). MSC
therapies must be manipulated to be cultured /n vitro and obtain a sufficient number of

cells that can be used afterwards for treatment purposes.

Traditionally, adult MSCs have been isolated from the bone marrow. However,
this is an invasive procedure and can be painful for the donor. Recent studies had
implemented the study of MSCs by isolation of amniotic fluid and other parts of the
placenta. MSCs obtained from these sources are more ethical and more accessible with
the highest proliferation ability and lower immunogenicity as to compare with MSCs from

bone marrow (Han et al,, 2013).



Most MSCs studies were investigated on MSCs isolated from the amniotic
membrane (AM) of a fresh placenta, and this is because of an abundant source of MSCs
can be found within the extracellular membrane and numbers of growth factor binding
to extracellular matrix component of AM. One of the growth factors is an essential
fibroblast growth factor (bFGF) known as a stimulator of self-renewal and cell survival
(Yoon et al., 2013). Enzymatic digestion method has been widely used to isolate MSCs
from amniotic layer, but the sequential enzymatic treatments result in low yields of cells

without any growth factors.

Further investigation is required to fully understand the characterisation of MSCs
derived from various tissue sources for their ability of MSC self-renewal and
multipotency. The molecular mechanisms that control MSC self-renewal, expansion and
multilineage differentiation are still not well explored and remain an active area of
investigation. The uses of biomaterial in stem cells also just recently becoming the area
of interest in stem cell research. Biomaterials scaffolds combining with directed stem cell
differentiation providing a strategy for tissue engineering and cellular delivery as a

means of replacing diseased or damaged tissues.

In vitro culture may cause changes to cell biochemistry, topography or physical
environment on cells (McMurray et al., 2014). The role of mechanical signals /n vivo can
be assessed utilizing biomaterials /in vitro. According to Chai and Leong (2007),
mechano-sensitivity influence the differentiation of MSCs. However, the amount of cell
that can be supplied during isolation is insufficient for clinical testing. These have been
the major problem of /n vitro expansion of stem cell study. MSCs losses their self-renewal
and differentiation ability during subculturing. A major methodological approach in
correlation to the study of biomaterials was found to be able to control cell maturity and
homogenous differentiation of adult stem cells (Yoon et al/, 2018). However, the
mechanisms that govern the MSCs cell-matrix interaction to the applied biomaterials
during cell renewal and cell differentiation to specifically direct and maintain stem cell
phenotype is not well explored. Two types of biomaterials were used in this study. They

were a natural material, collagen type I (COL) and synthetically synthesized material,

2



graphene oxide (GO). This study suggested an interesting biomaterial approach to
influence the differentiation of stem cells, gene expression and epigenetic of AM-
MSCs. Both biomaterials provides structural and organizational cues for AM-MSCs and
maintains cellular phenotype during cell fate detemination by creating the balance

between their differentiation potential and self-renewal of MSCs.

1.2 Significant of study

The limitation of sufficient cell number has hampered the clinical application of MSCs.
Although collagen and graphene oxide has been shown to promote cell proliferation in
bone marrow-derived MSCs, their implications on AM-MSCs is still not widely explored.
The effect of each biomaterial will provide detailed of how such scaffolds can influence
stem cell behavior. This study also provides information about the current knowledge of

using biomaterials in combination with stem cells for tissue engineering applications.
1.3. Hypothesis

The hypothesis of this study was biomaterials could improve cell proliferation and
enhance the differentiation potential of AM-MSCs by regulating the expression of genes

associated with stemness and differentiation and epigenetic events.
1.3 Objectives

This study aimed to assess at the molecular level changes that occur before and after
culturing AM-MSCs with biomaterials which were collagen type I (COL) and graphene
oxide (GO).

The objectives of this research are:
a) To isolate and characterize amniotic membrane mesenchymal stem cells.

b) To compare differences in cell proliferation and differentiation potential
affected by biomaterials.

c) To examine how biomaterials regulate the expression genes related to
stemness, differentiation and epigenetic modification.
3



CHAPTER 2

LITERATURE REVIEW

2.1 Mesenchymal stem cells

Mesenchymal stem cells (MSCs) have huge potential in cell-based therapies for tissue
regeneration due to their proliferation, differentiation potential, immune-regulatory and
anti-inflammatory potential (Pitterger et al., 1999). MSCs are relatively lack ethical issues
as compared with other types of stem cells. MSCs offer several advantages such as
accessibility, multilineage differentiation potential, immunosuppressive effects and safe
from the risk of malignant formation after infusion of allogeneic cells which is quite
common in embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs) (Kim
& Park, 2017). Human mesenchymal stem cells can be isolated from a wide variety of
tissues. Source of MSCs can be found in adult tissue such as in the bone marrow (BM),
adipose tissue (AT) and dental pulp (DP) MSCs, also categorized as the adult MCSs.
However, sources of MSCs derived from adult tissue required an invasive procedure.
Previous studies had shown that these MSCs could gradually lose proliferation,
differentiation, and immunomodulation potential during cell expansion (Wagner et al.,
2009). Recently, the human placenta has been an alternate source for non-invasive
isolation of human MSCs as it is easily collected from the discarded placenta after labour.
Stem cells from placentas sources have been investigated to constitute valuable sources
of maternal and fetal cells that exhibit superior plasticity (Peister et a/., 2011; Rodrigues
et al., 2012).

Specific MSCs sources of placenta were studied either independently or
simultaneously from three parts of placenta including MSCs from the umbilical cord,
decidua-chorion plate and amnion region (Fig 2.1). Particular attention has been directed
to human amnion region as both amniotic fluid (AF), and amniotic membrane (AM)
represents rich sources of stem cells (Hass, Kasper, & Jacobs, 2011). AM-MSCs can be

easily isolated and has a higher isolation efficacy as compared to other parts of placenta-



based MSCs (Bieback & Brinkmann, 2010). Mesenchymal stem cells also have the
capacity to differentiate into various cell types, including adipocyte, osteocyte,
chondrocyte, myocyte and neuron, make them an appealing hotspot for cell treatments
(Ghorbani et al., 2014).

Placenta contains MSCs of both maternal and fetal origin. Stem cells that were
isolated from umbilical cord and amnion layer region contain fetal MSCs while in decidua-
chorion region MSCs contain both fetal such as chorionic membrane derived MSCs and
maternal, decidua MSCs. Zhu et al. (2014), studied both fetal and maternal MSCs with
controlled experimental conditions and compared between cell populations pairs from
the same donors. Their results showed that fetal origin have higher proliferative capacity
and may be more favorable towards cell application and tissue engineering compared to
maternal MSCs. In related to these study, fetal tissues Amniotic Membrane, Wharton's
Jelly (W3J) and Villous Chorion (VC) can contribute equally as a good stem cell source of
MSCs. Isolation and characterisation studied by Kannaiyan et al (2019), showed that
the biological properties of MSCs from these three sources were generally similar. WJ-
MSCs and AM-MSCs proliferative potential were higher than VC-MSCs and WJ]-MSCs can
obtain a large number of cells in shorter time followed by AM-MSCS (Azarpira et al.,
2014; Pu et al., 2017). However, AM-MSCs provide ease in term of isolation process
while WJ-MSCs required extra dissection work to the umbilical cord region in order to
obtain WIJ. Our prelimenary study showed that it is easier to obtain cell from amniotic
tissue as compared to W1 tissue eventhough the sample came from the same individuals.
There is no significant difference in the experimental result from both samples making

AM as the preffered sample throughout these study.
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Figure 2.1: MSCs can be isolated from different compartments of the
human-term placenta. Umbilical cord (UC), cord blood (CB),
Wharton'’s jelly (W3J), chorion membrane (CM), chorion villi (CV),
decidua (D), amnion-membrane (AM) and amniotic fluid (AF).

The established minimal criteria for defining MSCs of the isolated cells: (i)
adherence to plastic and spindle-shaped morphology, (ii) expressed specific surface
markers CD73, CD90, CD105, and lack expression of CD14, CD34, CD45, and HLA-DR,
and (iii) have the ability to differentiate into adipocyte, chondrocyte, and osteoblast
(Dominici et al., 2006). AM-MSC are a heterogeneous population that followed the
minimum criteria proposed by the International Society for Cellular Therapy (ISCT).

However, Kim and Park (2017) also discussed the disadvantages of using human
MSCs, in which there is a limitation on replicative lifespan, alteration of various functions
including loss of multipotency might occur during cell expansion in /in vitro culture. To

apply cells for cell-based therapies, MSCs must be able to differentiate into specialised
6



