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Retinal degeneration is a prominent feature in ocular disorders. In exploring possible 

treatments, Mesenchymal Stem Cells (MSCs) have been recognised to yield 

therapeutic role for retinal degenerative diseases. Studies have also shown that 

erythropoietin (EPO) administration into degenerative retina models confers significant 

neuroprotective actions in limiting pathological cell death. For this reason, introducing 

anti-apoptotic proteins, such as erythropoietin (EPO), may exhibit a superior effect in 

enhancing beneficial activity of MSCs and hence, the treatment in retinal degenerative 
disorders. The objective of this study was to characterise EPO gene-modified human 

MSCs and evaluate its anti-apoptotic effect of glutamate excitotoxicity in a retinal 

neuron cell line. MSCs derived from the human Wharton’s jelly of umbilical cord were 

cultured, expanded, and characterised for immunophenotypical expression of MSC 

surface markers and multipotency differentiation potentials. Following that, MSCs 

were genetically modified to carry EPO through lentiviral transduction. The cells were 

transduced with lentivirus particles encoding EPO and green fluorescent protein 

(GFP), as a reporter gene. The cultured MSCs displayed plastic adherence properties 

and formed spindle-shaped cells that resembled a fibroblast. MSC immunophenotyping 

revealed high expression of CD90, CD73 (SH3), CD105 (SH2), CD29, and HLA-ABC 

but lack of expression for CD34, CD14, CD45, CD80, and CD86. Furthermore, MSCs 

were capable to undergo bilineage mesenchymal differentiation into adipocytes and 
osteocytes. EPO-expressing MSCs (MSC-EPO) also demonstrated a greater capacity to 

promote cell differentiation into nestin-expressing neurospheres when compared to 

non-transduced cells. The supernatants of the transduced and non-transduced cells 

were collected and used as a pre-conditioning medium for Y79 retinoblastoma cells 

(retinal neuron cell line), following exposure to glutamate treatment to induce 

apoptosis. Cellular recovery of human retinoblastoma (Y79) subjected to glutamate at 

a toxic dose was assessed following incubation with supernatants harvested from EPO-
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transduced MSCs. Retinal cells exposed to glutamate showed enhanced improvement 

in cell viability and reduced mitochondrial depolarization when incubated with the pre-

conditioned medium collected from EPO-transduced cells. The outcome of this study 

established a proof-of-concept that MSCs could be used as a candidate for the delivery 

of EPO therapeutic gene in the treatment of retinal degenerations and that generated 

MSC-EPO can further differentiate into neural lineage that may serve as an alternative 
for cell replacement therapy for degenerating retinal neurons. 
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Degenerasi retina adalah unsur yang utama dalam gangguan okular. Dalam usaha 

mencari penawarnya, sel-sel stem mesenkima (MSCs) telah pun diiktiraf peranan 

terapeutiknya dalam merawati penyakit-penyakit degeneratif retina. Kajian juga telah 

menunjukkan bahawa pemasukan Eritropoietin (EPO) ke dalam retina telah 

memberikan sifat-sifat pelindungan saraf yang signifikan dengan menghadkan 

kematian sel secara patologi. Bagi tujuan ini, penggunaan protien anti apoptotik seperti 

EPO boleh memberi kesan yang unggul dalam mempertingkatkan aktiviti bermanfaat 
MSCs dan digunakan sebagai rawatan bagi penyakit-penyakit degeneratif retina. 

Objektif kajian ini adalah untuk mencirikan ubahsuaian gen EPO MSCs manusia dan 

menilai kesan anti apoptotik eksitotoksisiti glutamat dalam titisan sel neuron retina. 

Dalam kajian ini, gen MSCs telah diubahsuai untuk merembeskan protein EPO dengan 

menggunakan transduksi lentivirus dan media pra-penyesuaian yang diterbitkan 

daripada MSCs mengekspresi EPO yang mana ia telah dikulturkan dengan 

retinoblastoma manusia (Y79) yang diaruhi glutamat, model in vitro. Secara 

ringkasnya, MSCs yang diperolehi daripada lendir Wharton pada tali pusat manusia, 

telah dikulturkan, dikembangkan dan dicirikan untuk ekspresi immunofenotipikal pada 

penanda permukaan MSCs dan juga untuk multipotensi keupayaan pembezaan MSCs. 

Berikutan itu, MSCs telah digunakan untuk pemasukan EPO melalui transduksi 

lentivirus. Sel ditranduksi dengan partikel lentivirus yang dikodkan dengan EPO dan 
protein fluoresen hijau (GFP), iaitu gen pelapor. Supernatan bagi sel-sel yang 

ditransduksi dan yang tidak ditransduksi dikumpulkan dan digunakan sebagai medium 

pra-penyesuaian untuk sel Y79 retinoblastoma (titisan sel neuron retina) dan diikuti 

dengan rawatan glutamat. Pemulihan sel Y79 retinoblastoma manusia tertakluk kepada 

glutamat pada dos toksik dinilai berikutan inkubasi (eraman) dengan supernatan yang 

diperolehi daripada MSCs yang ditransduksi EPO. Oleh itu, kajian ini bersasarkan 

untuk mengukur keupayaan sel-sel mengekspresi EPO membeza kepada nasabah 
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neural dengan mengkulturkan sel-sel tersebut dalam koktel pembezaan neural. Sel-sel 

retina yang dirawati glutamat menunjukkan peningkatan kebolehhidupan sel dan 

mengurangkan depolarisasi mitokondria apabila diinkubasi dengan medium pra-

penyesuaian yang dikumpul daripada sel-sel ditransduksi EPO. Di samping itu, MSCs 

mengekspresi EPO (MSC-EPO) menunjukkan kapasiti yang lebih besar dalam 

menggalakkan pembezaan sel kepada neurosfera mengekspresi nestin berbanding 
dengan sel-sel tidak ditransduksi. Hasil kajian ini menubuhkan suatu konsep kebuktian 

yang MSCs boleh digunakan  untuk penghantaran gen terapeutik EPO dalam rawatan 

degenerasi retina dan MSC-EPO yang dijanakan, selanjutnya dapat membeza kepada 

nasabah neural, dan juga menjadi alternatif untuk terapi penggantian sel bagi neuron 

retina yang merosot. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Ocular disorder is a universal health condition affecting either the anterior or posterior 

lining of the eye [1]. Over the years, expanding efforts have been carried out globally 

by the World Health Organization (WHO) to minimize visual impairment or blindness 

[1]. Treatment to reduce pathological condition affecting the posterior eye (majority in 

the retina) deserves greater attention due to the limited accessibility to treatment [1,2].  

 

 
Retinal degeneration is a structural defect acquired in both inherited and sporadic 

ocular disorders, such as Age-related Macular Degeneration (AMD) and retinitis 

pigmentosa [3–7]. Loss of retinal neurons could lead to either fractional or massive 

loss of visual acuity. To date, there is no clinically translatable antidote for blindness. 

Existing conventional treatments such as surgical intervention or drug treatments [8–

10], are only indicated for patients with early diagnoses to prevent aggravation of the 

disorder [11].  

 

 

The idea of using stem or precursor cells has emerged in the last decade as a leading 

approach for a regenerative strategy to address ocular disease [11,12]. In this context, 
mesenchymal stem cells (MSCs) are lead candidates for cellular therapy not only for 

ocular disease [13], but multiple diseases characterized by fibrosis [14,15]. MSC is a 

type of adult stem cell which is capable of differentiating into multiple functional cell 

phenotypes, such as bone, cartilage, fat cells, and others [16,17]. Umbilical cord 

Wharton’s jelly-, amniotic fluid-, and adipose- derived MSCs are easily isolated [18–

22], expanded, and immunologically tolerated, allowing for allogeneic, off-the-shelf 

transplantation. 

 

 

The use of multipotent MSCs have been reported as promising for the treatment of 

numerous degenerative disorders in the brain, spinal cord, and kidney [23–27]. In 

retinal degenerative diseases, MSCs exhibit the potential to regenerate into retinal 
neurons and retinal pigment epithelium in both in vitro and in vivo studies [28–37]. 

Delivery of stem cells was found to improve retinal morphology and function, and 

delay retinal degeneration [20,29,32,34,38,39]. It is possible that MSCs may secrete 

restorative extracellular trophic factors that encourage endogenous cellular recovery 

and replenishment [40–42]. Accumulating evidence shows that treatment to reverse 

degeneration using MSCs are feasible. 
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Furthermore, the ability to use pre-prepared allogeneic cells for cell-based therapy 

allows for a level of quality control and scalability that far exceeds autologous 

strategies. Study by Sun et al [43] reported that MSCs grafted in rd1 mice could 

intervene photoreceptor cell apoptosis under the influenced of MSC secretion of 

pigment epithelium-derived factor (PEDF), otherwise, MSCs was reported to relieve 

intraocular pressure and enhance progenitor cell proliferation when transplanted on rat 
model of ocular hypertension [44]. Likewise, culturing of MSCs with conditioning 

medium derived from RPE cultures successfully generated photoreceptor-like cells 

after 7 days, with 28.87% positive shift [45]. In accordance, existing clinical treatments 

with MSCs had successfully warranted its therapeutic use in age-related macular 

degeneration (ID: NCT02016508; https://www.clinicaltrials.gov), glaucoma (ID: 

NCT01920867), and retinitis pigmentosa (ID: NCT01560715).  

 

 

1.2 Problem Statement  

Notwithstanding the therapeutic potentials of MSCs, several issues have been raised in 

current conventional approach, whereby cells administered in aqueous medium 

generally resulted in poor transplanted cell survivability in the pathological 

microenvironment [46,47]. Direct MSC transplantation also yield unspecific dispersion 

of cells at the site of injection that could be attributed to indirect hampering of MSC 

therapeutic outcome [24]. Moreover, several conditions such as oxidative stress, 
inflammation or ischemia have been shown to be associated with poor transplanted 

MSC survival rate [48,49].  

 

 

Substantial advances in our understanding of MSCs regulatory machinery and their 

beneficial secretory proteins have paved the way for further development that 

intersects with genome engineering to maximize MSCs therapeutic insight for stem 

cell replacement therapy [4,20,39,50–57]. For clinical translation of stem cell therapy 

in ocular degenerative disorders, integration of tissue engineering approaches may 

overcome limitations associated with low transplanted cell survivability and cell 

dispersion, and further encourage a targeted delivery system in transplanted MSCs 

[24,46,47]. 
 

 

Hence, introducing anti-apoptotic proteins, such as erythropoietin (EPO), may thus aid 

in enhancing both MSCs survivability and engraftment [58–60], leading to 

improvement in the treatment outcomes of retinal degenerative disorders. 

Erythropoietin (EPO) is an essential glycoprotein hormone mainly responsible for the 

development of red blood cells or erythropoiesis, in the human body [61]. Recently, 

studies have shown that EPO proteins and its receptors are present in various extra-

hematopoietic tissues including retina tissue [62,63]. Earlier literature has reviewed on 

the clinical significance of EPO in the management of ocular disorders through its anti-

apoptotic, anti-inflammatory, anti-oxidative, and neuroregenerative properties 
[32,60,64–68]. 
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1.3 Research Objectives 

1.3.1 General Objective 

To determine the anti-apoptotic effect of EPO-expressing MSC in a glutamate-induced 

excitotoxicity retinal cell line. 

 

 

1.3.2 Specific objectives 

i. To establish and characterise MSCs from human Wharton’s jelly. 

ii. To construct viral particles carrying EPO and GFP genes. 

iii. To establish and characterise EPO-expressing MSC. 

iv. To determine the effect of MSC-EPO conditioned media on survival of 

excitotoxicity-induced Y79 retinal cell line. 

v. To examine in vitro differentiation potential of MSC-EPO into neurospheres. 

 

 

1.4 Hypothesis 

The hypotheses of this study are the following: 

 

 

1. MSC-EPO conditioned media will enhance survival of excitotoxicity-induced Y79 

retinal cell line. 
2. EPO-expressing MSC will promote in vitro differentiation potential of MSCs into 

neurospheres. 
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