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POTENTIAL DIFFERENTIATION OF HUMAN AMNIOTIC EPITHELIAL STEM 

AND MESENCHYMAL BONE MARROW CELLS INTO CARDIOMYOCYTES 

 

By 

 

BATOOL MOTAMEDI 

 

December 2015 

 

 

Chairman :  Professor Dato’ Tengku Azmi bin Tengku Ibrahim, PhD 

Institute :  Biosciences 

 

 

Coronary artery disease (CAD) is the leading cause of cardiovascular mortality worldwide 

and stem cell transplantation is one of the approaches in the treatment of CAD (Leri et al., 

2008; Laflamme and Murry, 2011).Realization of regenerative cardiac medicine is 

dependent on the availability of cardiomyocytes in sufficient numbers for transplantation. 

Bone marrow mesenchymal stem cells (BM-MSCs) have been used in clinical cell therapy 

and injecting BM-MSCS into mouse with Kaposi’s sarcoma resulted in reduced tumour. 

However the same cells have been reported to promote tumour growth when injected in 

mouse with osteosarcoma which also promoted pulmonary metastasis. 

 

The amnion is a simple epithelium resting on a connective tissue layer comprising of 

collagen fibers and fibroblasts. The amnion has two groups of stem cells. The first group are 

surface epithelial cells with pluripotent properties; the second group are stromal cells with 

mesenchymal stem cells (MSCs) properties in the underlying connective tissue of the 

amnion. Pluripotent cells are capable of giving rise to various body cell types similar to 

those of the three germ layers of the early embryo. MSCs have at least three primary 

characteristics: these cells grow as adherent cells in tissue culture dish; have a life span of 30 

to 50 population doubling number and in vitro these cells could differentiate into osteoblasts, 

chondroblasts, and adipocytes.  

 

In view of the above amnion which form part of the placenta and discarded following child 

birth is therefore a useful biological material as it is a source of cells for transplantation. In 

the search for a source of cardiomyocytes for transplantation the present study investigates 

into the characteristics and potential of human amniotic epithelial cells (hAECs) to 

differentiate into cardiomyocytes. The characteristics and differentiation potential of the 

hAECs are concurrently compared with that of BM-MSCs, the gold standard in cell therapy.  

 

hAECs and BM-MSCs were isolated from the amniotic membrane and bone marrow, 

respectively and their cell surface antigens characterized based on flow cytometry, culture 

properties and colony formation. The proliferation rates of hAECs and BM-MSCs were 

calculated based on population doubling time, while adipogenic and osteogenic 

differentiation potentials were confirmed by the oil red O and alizarin red S staining 

methods, respectively. In addition, alkaline phosphatase (ALP) activity was determined 

using a colorimetric assay kit. The hAECs and BM-MSCs were then differentiated into 

cardiomyocytes in a cardiogenic medium containing 3µM 5-azacytidine. The differentiated 

cardiomyocyte were compared with normal cardiomyocytes by focusing on their specific 

protein expressions while their structural properties were determined by transmission 

electron microscopy. 
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Results showed that both hAECs and BM-MSCs expressed MSCs factors. The expression of 

CD73, CD105, and CD90 in hAECs was 77.3%±4.9%, 78.3%±7.2% and 87.7%±3.1% 

respectively while in the BM-MSCs the expression for the same factor was 82%±4%, 

80%±8.3% and 83.3%±2.9%, respectively.  hAECs and BM-MSCs on the other hand did not 

express hematopoietic stem cell factors. The expression of CD34 and CD45in hAECs was 

6%±1.1% and 5.5%±1.5% respectively while in the BM-MSCs expression for the same 

factor was 4.5%±0.5% and 5%±1%, respectively. No significant differences in 

mesenchymal and hematopoietic stem cells factors expression was observed between the 

two groups of cells. The low expression of CD34 and CD45 in the hAECs and BM-MSCs 

showed that these cells were not contaminated with cord blood or embryo or bone marrow 

hematopoietic cells. 

 

Results from the present study also demonstrated that the hAECs expressed embryonic stem 

cell markers where the expression of  OCT4 in these cells was 73%±11% while in the BM-

MSCs the expression for the same marker was 19%±2%; there was thus a significant 

difference between the two cell types  (p<0.001). From these data it can be deduced that the 

hAECs are pluripotent while the BM-MSCs are multi potent with the potential to 

differentiate into derivatives of two germ layers. 

 

Both hAECs and BM-MSCs could possibly differentiate into adipogenic cells as indicated 

by the positive Oil Red O staining (over 70% and 50% respectively). Both cell types also 

demonstrated the potential to differentiate into osteogenic cells as evidenced by positive 

alizarin red staining (over 35% and 55%, respectively) with significant difference (p<0.01) 

between the two cell types. hAECs one week after primary culture and BM-MSCs two 

weeks after primary culture formed colonies with alkaline phosphatase activities.  

 

The use of 5-Azacytidine at 3µM concentration demonstrated that both hAECs and BM-

MSCs could possibly differentiate into cardiomyocytes. Based on this observation on their 

differentiation potential the structural organization of both cell types were examined at the 

ultra-structural level. These differentiated cells showed initially the formation of 

unorganized myofibrils and subsequently to organized and parallel myotubes. The genotypes 

of these cells were determined by immunocytochemistry staining. The antibodies against 

alpha-actin, connexin43, N-cadherin, desmin, nestin and vimentin were used to identify 

differentiated cells. The induced hAECs and BM-MSCs expressed specific cardiomyocyte 

proteins in the form of alpha-actin (55% and 44% respectively) and connexin43 (80% and 

70% respectively) which were similar to that of normal cardiomyocyte. The quantitative 

real-time RT-PCR indicated that there were no statistical significant differences between the 

expression of GATA-4, MLC-2a, MLC-2v, cTnI and connexin-43 in induced hBM-MSCs 

and hAECs with neonatal heart tissue. 

 

From the above result it can be concluded that the hAECs possess stem cells properties 

similar to that of BM-MSCs and express some pluripotent and embryonic markers at a level 

higher than BM-MSCs. In addition hAECs are similar to BM-MSCs where, both groups that 

of could differentiate into osteocyte and adipocyte; however, hAECs have a greater the 

tendency to differentiate into adipocyte, while BM-MSCs have a greater the tendency to 

differentiate into osteocyte. When these cells are induced into cardiomyocyte both hAECs 

and BM-MSCs showed similarities to cardiomyocytes such as the formation of unorganized 

myofibrils to organized, parallel myotubes and expressed cardiomyocyte specific genes and 

protein markers. Hence, hAECs could be a suitable substitute in heart cell transplantation 

instead of BM-MSCs.  
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Penyakit arteri koronari (CAD) merupakan penyebab utama mortaliti kardiovesel diseluruh 

dunia dan pemindahan sel stem adalah salah satu pendekatan dalam rawatan CAD (Leri et 

al., 2008; Laflamme and Murry 2011). Kejayaan perubatan kardium regenerative 

bergantung kepada bilangan kardiomiosit yang mencukupi untuk pemindahan. Sehubungan 

dengan ini sel stem mesenkim sum sum tulang (BM-MSCs) telah digunakan untuk terapi sel 

klinikal dan suntikan sel tersebut kepada tikus mempunyai sarcoma Kaposisi berakhir 

dengan pegurangan saiz tumor. Namun demikian sel sel yang sama apabila disuntik kepada 

tikus mempunyai ostesarkoma telah dilaporkan mepromosi tumbesar kanser tersebut 

disamping mempromosi metastasis pulmonari. 

 

Amnion adalah epitelium ringkas yang terdapat pada permukaan lapisan tisu penyambung 

yang terdiri daripada gentian kolagen dan fibroblast. Amnion mempunyai dua jenis sel stem. 

Jenis pertama adalah sel epitelium permukaan dengan ciri ciri pluripoten; jenis kedua adalah 

sel stroma bercirikan sel stem mesenkim (MSCs) yang terdapat  dalam tisu penyambung 

dibawah epiteliumamnion. Sel pluripoten berupaya menghasilkan pelbagai jenis sel badan 

sama seperti keupayaan sel sel tiga lapisan germa di peringkat awal embrio.  Sel MSC 

mempunyai sekurang kurangnya tiga ciri utama : dalam piring tisu kultur sel sel tersebut 

tumbesar sebagai sebagai sel adheren, mempunyai jangka hayat antara 30 hingga 50 

lipatganda populasi sel dan in vitro sel sel ini boleh membeza menjadi osteoblast, 

kondroblast dan adopsit. 

 

Berasaskan di atas amnion yang membentuk sebahagian daripada uri dan terbuang selepas 

kelahiran bayi merupakan bahan biologikal amat berguna sebagai sumber sel untuk 

transplantasi. Dalam usaha mencari sumber kardiomiosit untuk tujuan transplantasi kajian 

ini menyelidik ciri-ciri dan keupayaan sel epitelium amnion  maknusia (hAEC) untuk 

membeza menjadi kardiomiosit. Ciri-ciri dan keupayaan membeza sel hAEC dikaji serentak 

bersama dengan sel BM-SC - piawai emas dalam terapi sel. 

 

Dalam kajian ini sel sel hAEC dan BM-MSC telah diasingkan masing masing daripada 

membran amnion dan sum sum tulang. Antigen permukaan sel sel tersebut dicirikan 

berasaskan  sitometri alir, sifat-sifat kultur dan pembentukan koloni. Kadar proliferasi sel sel 

tersebut dihitung berasaskan tempoh lipatganda populasi sementara keupayaan embezaan 

adipogenik dan osteogenik disahkan menggunakan kaedah pewarnaan Oil Red O dan 

Alizarin Red S. Di samping itu aktiviti fosfates alkalin (ALP)  disahkan menggunakan kit 

kolometri. Sel sel hAEC dan BM-MSC seterusnya diperbezakan menjadi kardiomiosit 

dalam medium mengandungi 3µM 5-azacytidine.  Sel sel hAEC dan BM-MSC yang 

diperbezakan dibandingkan dengan kardiomiosit normal dengan tumpuan diberikan kepada 
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ekspresi protein khusus sementara sifat struktur sel disahkan secara mikroskopi elektron 

transmisi. 

 

Hasil kajian menunjukkan sel sel hAEC dan BM-MSC mengekspres faktor faktor sel MSC. 

Ekspresi CD73, CD105 dan CD90 dalam sel hAEC masing masing adalah 77.3%±4.9%, 

78.3%±7.2% dan 87.7%±3.1%  sementara dalam sel BM-MSC ekspresi bagi faltor yang 

sama masing masing adalah 82%±4%, 80%±8.3% dan 83.3%±2.9%.  Namun demikian sel 

sel hAEC dan BM-MSC tidak mengekspres faktor sel stem hemapoiesis. Pengekspresan 

CD34 dan CD45 dalam sel hAEC adalah masing masing 6%±1.1% dan 5.5%±1.5%  

sementara dalam sel BM-MSC ekspresi untuk faktor yang sama  adalah masing masing 

4.5%±0.5% dan 5%±1%. Tiada perbezaan signifikan antara ekspresi faktor sel mesenkim 

dan hemapoiesis yang dapat di cerap antara dua kumpulan sel tersebut. Ekspresi CD34 dan 

CD45 yang rendah dalam sel sel hAEC dan BM-MSC menunjukkan bahawa sel sel ini tidak 

dicemari oleh  sel tali pusat, sel embrio  atau sel hemapoiesis sum sum tulang. 

 

Hasil daripada kajian ini juga menunjukkan  sel hAEC mengekspres penanda sel stem 

embrionik dan ekspesi OCT4 dalam sel sel ini adalah 73%±11% sementara dalamsel BM-

MSC ekspresi bagi penanda yang sama adalah 19%±2%. Dengan demikian terdapat 

perbezaan signifikan antara dua kumpulan sel (p<0.001). Daripada data ini dapat 

dirumuskan sel AEC adalah pluropoten sementara sel BM-MSC adalah multipoten dengan 

keupayaan membeza kepada dua daripada tiga lapisan germa. 

 

Kedua dua sel hAEC dan BM-MSC berkemungkinan dapat membeza kepada sel adipogenik 

seperti yang ditunjukkan oleh pewarnaan positif Oil Red O (masing masing melebihi 70% 

dan 50%). Kedua jenis sel juga menunjukkan keupayaan  membeza kepada sel osteogenic 

seperti terbukti daripada pewarnaan positif alizarin merah (p<0.01). Sel hAEC selepas satu 

minggu kultur primer dan sel BM-MSC dua minggu selepas kultur primer kedua duanya 

membentuk koloni dengan aktiviti fosfatas alkalin. 

 

Penggunaan 5-Azacytidine pada konsentrasi 3µM memberi bukti sel hAEC dan BM-MSC  

berkemungkinan boleh membeza menjadi kardiomiosit. Berasaskan kepada keupayaan 

membeza ini kedua dua jenis sel ini telah diperiksa diaras ultrastruktur. Sel sel terbeza ini  

pada mulanya menunjukkan pembentukan miofibril tidak tersusun dan seterusnya 

membentuk miotubules yang tersusun dan selari. Genotip sel sel ini telah disahkan secara 

pewarnaan imunositokimia. Antibody penentang alfa-aktin, konexin-43, N-kadheri, desmin, 

nestin dan vimentin telah digunakan untuk mengenalpasti sel sel terbeza. Sel sel hAEC dan 

BM-MSC teraruh mengekspres protein kardiomiosit khusus dalam bentuk  alfa-aktin masing 

masing 55% dan 44%) dan koneksin-43  (masing masing 80% dan 70%) yang juga terdapat 

pada kardiomiosit normal. Kuantatif masa-sebenar RT-PCR menunjukkan tiada perbezaan 

signifikan antara pengeksperesan GATA-4, MLS-2a, MLC-2v, cTnI dan kontksin-43 dalam 

sel sel hAEC dan BM-MSC teraruh dengan tisu jantung neonat. 

 

Kesimpulan yang dapat diambil daripada kajian ini ialah  sel hAEC mempunyai sifat sifat 

sama seperti yang terdapat pada BM-MSC dan mengekspres penanda pluripotent dan embrio 

pada aras yang lebih tinggi berbanding dengan BM-MSC. Di samping itu  sel hAEC adalah 

sama seperti sel BM-MSC dari segi kedua dua  kumpulan sel boleh membeza menjadi 

osteosit dan adiposit; namun demikian lebih banyak sel hAEC mempunyai kecenderungan 

untuk  membeza  menjadi adiposit sementara lebih  banyak sel BM-MSC membeza menjadi 

osteosit.  Apabila sel ini teraruh menjadi kardiomiosit ianya menunjukkan persamaan 

dengan kardiomiosit dari segi  pembentukan miofibril tidak tersusun kepada miotubules 

yang tersusun dan selari dan mengekspres protein khusus dan gen. Dengan  demikian hAEC 

mungkin membentuk substitut yang sesuai dalam transplatasi sel jantung berbanding dengan 

sel BM-MSC. 
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CHAPTER 1  

 

 

INTRODUCTION 

 

Heart disease is one of the most common health problems. According to the World 

Health Organization (WHO), cardiovascular disease is the leading cause of death 

worldwide (Feigin et al., 2014). Dysfunction of heart muscle cells or myocardial 

infarction (MI) occurs among 1.1 million Americans each year (Leri et al., 2008). 

The estimated incidence of Acute Coronary Syndrome (ACS) is 141 per 100,000 

populations per year, and the inpatient mortality rate is approximately 7% in 

Malaysia (National Cardiovascular Disease Database). And 50 percent of all deaths 

per year in Iranian population concerned to coronary artery disease (Hatmi et al., 

2007). The increasing prevalence of human chronic diseases such as cardiovascular 

disease, presents a challenge to find more effective therapies (Zhao et al., 2006). 

 

 

The myocardium possesses cardiomyocytes or cardiac muscle cells. Each 

myocardial cell contains myofibrils consisting of long chains of sarcomeres, which 

are the fundamental muscle cell contractile units. Cardiomyocytes exhibit striations 

similar to that observed in skeletal muscle cells and have only one nucleus. 

Cardiomyocytes contain a high mitochondrial density to produce adenosine 

triphosphate (ATP), making these cells highly resistant to fatigue (Sarantitis et al., 

2012). Any condition which reduces the efficiency of the myocardium leads to 

heart failure. This condition include myocardial infarction where there is oxygen 

deficiency in the heart muscle leading to the death of these cells;  hypertension 

which increase the force of contraction to pump blood and makes the heart muscle 

inflexible (Boron and Boulpaep, 2012).  

 

 

During embryogenesis, heart mass increases mainly through the division of 

cardiomyocyte cells, a process referred to as hyperplasia; cardiomyocytes do not 

regenerate after birth and they react to mitotic signals by increasing the cell size, 

i.e. hypertrophy rather than hyperplasia (Pan et al., 1999;  Niu et al., 2013). 

Cardiac myocytes rapidly proliferate in the fetal life but in the prenatal period, 

proliferation ceases and myocytes could undergo additional incomplete mitosis 

where karyokinesis takes place in the absence of cytokines, leading to bi-nucleation 

in most species. Typically, adult cardiac myocytes exposed to growth signals do 

not reenter the cell cycle and by hypertrophy led to increase in cardiac mass. As a 

result, cardiac myocytes demonstrate three forms of growth; bi-nuclear cell, 

proliferation, and hypertrophy (Ahuja et al., 2007). Cardiac hypertrophy is also 

induced by humoral factors and mechanical load, such as nor epinephrine, 

angiotensin-II (Ang-II), and endothelin-1 (ET-1). Mechanical stretch is one of the 

most important stimuli of cardiac hypertrophy. Mechanical stretch-induced signal 

transduction is characterized by simultaneous activation of multiple second 

messenger systems (Zablocki and Sadoshima, 2013; Ward et al., 2014). Myocardial 

http://en.wikipedia.org/wiki/Myofibril
http://en.wikipedia.org/wiki/Mitochondrion
http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Adenosine_triphosphate
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regeneration makes repopulation of irreversibly damaged muscle with new 

contractile cells to restore functionality in the necrotic areas, thereby improving 

global heart function. Ideally, these cells come from the spared peri infarct 

myocardium. Until recently, it was thought that adult mammalian cardiomyocytes 

were terminally differentiated, which could not divide. With ischemic and dilated 

cardiomyopathies some cells could recycle. However, the magnitude of this self-

repair mechanism is by far too limited to compensate for the massive loss of 

cardiomyocytes resulting from a large infarct. 

  

 

Although, genetically induced conversion of in-scar fibroblasts into myogenic cells 

has little clinical applicability the only practicable perspective is an exogenous 

supply of cells for effecting re-population of injured areas. Ideally, exogenous cells 

should possess the following criteria: 1) easy to collect and expand; 2) form stable 

intra myocardial grafts; 3) have the ability to electromechanically couple with host 

cardiomyocytes to beat synchronously; and 4) lack of arrhythmogenic and 

oncogenic effects.  

 

 

Using fetal and neonatal cardiomyocytes revealed that these cells were able to 

engraft successfully into infarcted myocardium and express gap junction proteins, 

survive for long periods and improve left ventricular function. However, the use of 

fetal tissue is fraught with major availability immunogenicity, and ethical issues 

(Leor et al., 1996). Following myocardial infarction, functional recovery is 

dependent on increasing blood flow and regeneration of tissue. A study showed 

that transplanted fetal cardiomyocytes can survive in scar tissue as these cells 

possess angiogenesis properties and the transplanted cells limit scar expansion and 

prevent post infarction heart failure (Leor et al., 1996). In this respect,  cellular 

cardiomyoplasty has emerged as an alternative treatment in the  regeneration of 

infracted myocardial tissue and different cell lines (e.g. cardiomyocytes, skeletal 

myoblasts, and adult mesenchymal stem cells), resulting in an improvement in 

ventricular function and decrease in the amount of infracted tissue (Aceves et al., 

2005).  

 

 

The Mesenchymal and Tissue Stem Cell Committee of the International Society for 

Cellular Therapy has proposed a minimal set of criteria to define human 

mesenchymal stem cells (MSCs) for research (Dominici et al., 2006): It should 

retain the ability to adhere to plastic when maintained under standard culture 

conditions; it should express CD105, CD73 and CD90 as MSCs factors, but not 

express the hematopoietic markers such as CD45, CD34, CD14,  or CD11b, CD79a 

or CD19 and HLA-DR surface molecules; and finally it should be able to 

differentiate into osteoblasts, adipocytes, and chondroblasts in vitro (Roorda et al., 

2009).  
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Stem cells (SCs) could provide precursors of cells for cardiomyocyte 

differentiation, endothelial and supporting cells in addition to making signals for 

cell activation and obstacle of apoptosis. Human bone marrow mesenchymal stem 

cells (hBM-MSCs) are currently being utilized in clinical therapy trials of patients 

with heart failure of ischemic and non-ischemic etiologies (Hoover-Plow and 

Gong, 2012). Although hBM-MSCs are used in clinical cell therapy Khakoo et al. 

(2006) revealed in their study that injecting hBM-MSCs into mouse with Kaposi's 

sarcoma resulted in a reduced tumour. However, some cells have been reported to 

promote tumour growth when injected in mouse with osteosarcoma and also 

promoted pulmonary metastasis (Xu et al., 2009). Controversy remains as to 

whether hBM-MSCs are the best cells to be used for replacement therapy. The 

injection of hBM-MSCs improves the performance of the pathological heart but the 

mechanism by which the administration of hBM-MSCs results in enhanced cardiac 

function remains controversial (Leri et al., 2008). Although adult SCs can be 

directly isolated from the patient and are therefore immunologically compatible 

isolation culture and growing these cells are difficult. In contrast, human 

embryonic stem cells (hESCs) can proliferate very rapidly in culture and 

differentiate into cells of all adult tissues. Initial studies with hESCs-derived 

cardiomyocytes have shown their capacity to form new myocardium in the 

uninjured heart (Laflamme et al., 2005; Xue et al., 2005). One hopeful aspect of 

these cells is that they will be able to achieve at least a degree of electrical 

integration with adjacent host myocardium in such models (Kehat et al., 2004; 

Léobon et al., 2003). In the infracted rat heart,  hESCs-derived cardiomyocytes 

improved its cardiac structure and function (Laflamme et al., 2007; Ardehali et al., 

2013). However, there is a need to control the growth and overcome the risks of 

tumour formation and graft rejection by undifferentiated hESCs. It is also pertinent 

to resolve the ethical issues surrounding the use of materials from embryos. On the 

other hand, transplantation of a sufficient number of cells to adult tissue needs a 

large-scale cell supply. Therefore,  attention is focused on obtaining a new source 

of stem cells (Toda et al., 2007).  

 

 

The cell layer of the amnion with stem cell characteristics was examined by Toda 

and colleagues (2007) focusing on mesenchymal stromal cells and their results 

indicated that the amnion contains significant plasticity and differentiation potential 

into cardiomyocytes. Amniotic and chorionic membranes are normally found at the 

edge of the placenta and the amnion covering the embryo. Human amniotic 

epithelial cells (hAECs) constitute the inner layer of the amnion and are formed 

from the amnioblast on the eighth day after fertilization. It has been proposed that 

hAECs could have the potential to differentiate into a wide variety of different cells 

including  cardiomyocytes (Okrainec et al., 2004).  

 

 

The amniotic membrane that belongs to the placenta is normally discarded after 

parturition. Without harming mothers or babies stem cells can be easily isolated 

from membrane and there are no ethical issues associated with its isolation versus 
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taking hBM-SCs using biopsy and aspiration procedure. hAECs are useful 

biological material and also a novel cell source for cell transplantation (Paracchini 

et al., 2012). Amniotic membranes have been applied in the treatment of burnt 

lesion, surgical wound (Trelford and Trelford-Sauder, 1979), and ocular surface 

reconstitution. Furthermore, amnion-derived cells have considerable advantages in 

terms of low immunogenicity and anti-inflammatory functions (Sivakami et al., 

2007); moreover the cells do not require the sacrifice of human embryos for their  

isolation, thus avoiding the current controversies associated with the use of human 

ES cells (Toda et al., 2007). Under high-density culture conditions, amniotic 

epithelial cells form spheroid structures and retain stem cell characteristics. The 

cells express Oct-4, SSEA-3, TRA1-60, or TRA1-81 and have the potential to 

differentiate in vitro into all three germ layers: endoderm (liver, pancreas), 

mesoderm (cardiomyocytes), and ectoderm (neural cells). However, long-term self-

renewal ability and single-cell clonal analysis will be necessary before describing 

them as stem cells (Toda et al., 2007). AE cells express Oct-4 and nanog, 

transcription factors. Among molecular stem cell markers, Oct-4 plays a critical 

role in maintaining pluripotency and self-renewal. Though AECs are pluripotent, 

these cells do not form teratomas upon transplantation into the testes of SCID mice 

(Ilancheran et al., 2007; Miyamoto et al., 2004). It shows that AECs have low 

immunogenicity and would therefore have a reduced risk of rejection upon 

transplantation (Niknejad et al., 2008).  

 

 

Numerous human deliveries occur in the world daily. Placentas and associated 

membranes which are often discarded after child birth can be utilized to serve as 

good cell sources capable of yielding good cell numbers. Comparison has to be 

done on their characteristics and similarities to gold standard cell sources such as 

those from bone marrow which are currently utilized in cell therapy. Such 

comparisons will attract further studies in the possible application of these 

placental cells in clinical cell therapy. As such, this study focuses on biological and 

biochemical characterization (isolation and the expression of stem cell markers, 

colony formation and proliferation) of hAECs alongside their comparison with 

hBM-MSCs, as gold standard. Cell ability to differentiate into cardiomyocytes is 

also investigated (see Flow Chart Appendix A) since the application of replacement 

therapy in heart disease requires the availability of good cells  in sufficient 

numbers. 

 

 

The general objective of this research was to compare hAECs and hBM-MSCs with 

regard to their characteristics, expression of stem cell markers and ability to 

differentiate into cardiomyocytes, simultaneously, and based on this, some specific 

objectives have been set as follows: 

 

1. To isolate MSCs from human bone marrow and hAECs from amnion 

membrane. 
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2. To differentiate the hBM-MSCs and the hAECs into cardiomyocytes using 5-

azacytidine. 

3. To determine proteins and genes expression of cardiomyocyte in the hBM-

MSCs derived cardiomyocytes and the hAECs of amnion derived 

cardiomyocytes 

4. To compare the hAECs-derived cardiomyocytes with bone marrow MSCs-

derived cardiomyocytes (structural and ultra-structural characteristics). 

 

Some hypotheses regarding this study are: 

 

1. Stem cells can differentiate into cardiomyocytes.  

2. Human amniotic  epithelial cells can differentiate into cardiomyocytes. 

3. The hAECs-derived cardiomyocytes are comparable with human bone marrow 

MSCs-derived cardiomyocytes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

116 
 

REFERENCES 

 

 

Abbott, J. D., Huang, Y., Liu, D., Hickey, R., Krause, D. S., and Giordano, F. 

2004. Stromal cell–derived factor-1α plays a critical role in stem cell 

recruitment to the heart after myocardial infarction but is notsufficient to 

induce homing in the absence of injury. Circulation. 110: 3300-3305. 

 

Aceves, J. L., Archundia, A., Diaz, G., Paez, A., Masso, F., Alvarado, M., Vilchis, 

R.  2005. Stem cell perspectives in myocardial infarctions. Revista de 

investigacion clinica. 57: 156.  

 

Ahuja, P., Sdek, P., and MacLellan, W. R. 2007. Cardiac myocyte cell cycle 

control in development, disease, and regeneration. Physiological reviews. 

87: 521-544. 

 

Akazawa, H., & Komuro, I. 2005. Cardiac transcription factor Csx/Nkx2-5: Its role 

in cardiac development and diseases. Pharmacology & therapeutics, 107: 

252-268. 

 

Akle C.A., Welsh K.I., Adinolfi M., Leibowitz S. and McColl I. 1981. 

Immunogenicity of human amniotic epithelial cells after transplantation into 

volunteers. The Lancet. 318: 1003-5. 

 

Alderman, E.L., Bourassa, M.G., Cohen, L.S., Davis, K.B., Kaiser, G.G., Killip, T., 

and Robertson, TL. 1990. Ten-year follow-up of survival and myocardial 

infarction in the randomized Coronary Artery Surgery Study. Circulation, 

82: 1629-1646.  

 

Alviano F., Fossati V., Marchionni C., Arpinati M., Bonsi L., Franchina M., 

Lanzoni G., Cantoni S., Cavallini C. and Bianchi F. 2007. Term amniotic 

membrane is a high throughput source for multipotent mesenchymal stem 

cells with the ability to differentiate into endothelial cells in vitro. BMC 

Developmental Biology. 7: 11. 

  

Anjos-Afonso F. and Bonnet D. 2007. Nonhematopoietic/endothelial SSEA-1+ 

cells define the most primitive progenitors in the adult murine bone marrow 

mesenchymal compartment. Blood. 109: 1298-306. 

 

Arnhold S., Absenger Y., Klein H., Addicks K. and Schraermeyer U. 2007. 

Transplantation of bone marrow-derived mesenchymal stem cells rescue 

photoreceptor cells in the dystrophic retina of the rhodopsin knockout 

mouse. Graefe's Archive for Clinical and Experimental Ophthalmology. 

245: 414-22. 

 



© C
OPYRIG

HT U
PM

117 
 

Arnhold S., Heiduschka P., Klein H., Absenger Y., Basnaoglu S., Kreppel F., 

Henke-Fahle S., Kochanek S., Bartz-Schmidt K.U. and Addicks K. 2006. 

Adenovirally transduced bone marrow stromal cells differentiate into 

pigment epithelial cells and induce rescue effects in RCS rats. Investigative 

ophthalmology and visual science. 47: 4121-9. 

 

Ardehali, R., Ali, S. R., Inlay, M. A., Abilez, O. J., Chen, M. Q., Blauwkamp, T. 

A., and Weissman, I. L. 2013. Prospective isolation of human embryonic 

stem cell-derived cardiovascular progenitors that integrate into human fetal 

heart tissue. Proceedings of the National Academy of Sciences. 110: 3405-

3410. 

 

Ausoni, S., and Sartore, S. 2009. The cardiovascular unit as a dynamic player in 

disease and regeneration. Trends in molecular medicine. 15: 543-552. 

 

Azouna, N. B., Jenhani, F., Regaya, Z., Berraeis, L., Othman, T. B., Ducrocq, E., 

and Domenech, J. 2012. Phenotypical and functional characteristics of 

mesenchymal stem cells from bone marrow: comparison of culture using 

different media supplemented with human platelet lysate or fetal bovine 

serum. Stem Cell Research Therapy. 3: 6. 

 

Badcock G., Pigott C., Goepel J., Andrews P.W. 1999. The human embryonal 

carcinoma marker antigen TRA-1-60 is a sialylated keratan sulfate 

proteoglycan. Cancer Research. 59: 4715-4719. 

 

Baharvand, H., Piryaei, A., Rohani, R., Taei, A., Heidari, M. H., and Hosseini, A. 

2006. Ultrastructural comparison of developing mouse embryonic stem cell 

and in vivo-derived cardiomyocytes. Cell biology international. 30: 800-

807. 

  

Bär, H., Strelkov, S. V., Sjöberg, G., Aebi, U., and Herrmann, H. 2004. The 

biology of desmin filaments: how do mutations affect their structure, 

assembly, and  organisation?. Journal of structural biology. 148: 137- 152.  

 

Barcena A., Muench M.O., Kapidzic M. and Fisher S.J. 2009. A new role for the 

human placenta as a hematopoietic site throughout gestation. Reproductive 

Sciences. 16: 178-87. 

Barile, L., Cerisoli, F., Frati, G., Gaetani, R., Chimenti, I., Forte, E., and Kizana, E. 

2011. Bone marrow‐derived cells can acquire cardiac stem cells properties 

in damaged heart. Journal of Cellular and Molecular Medicine. 15: 63-71.  

 

Barry F.P. and Murphy J.M. 2004. Mesenchymal stem cells: clinical applications 

and biological characterization. The international journal of biochemistry 

and cell biology. 36: 568-84. 

 



© C
OPYRIG

HT U
PM

118 
 

Bartolović K., Balabanov S., Berner B., Bühring H.J., Komor M., Becker S., 

Hoelzer D., Kanz L., Hofmann W.K. and Brümmendorf T.H. 2005. Clonal 

heterogeneity in growth kinetics of CD34+ CD38− human cord blood cells 

in vitro is correlated with gene expression pattern and telomere length. Stem 

cells. 23: 946-57. 

 

Bellavia, M., Altomare, R., Cacciabaudo, F., Santoro, A., Allegra, A., Concetta 

Gioviale, M., and Lo Monte, A. I. 2014. Towards an ideal source of 

mesenchymal stem cell isolation for possible therapeutic application in 

regenerative medicine. Biomed Pap Med Fac Univ Palacky Olomouc 

CzechRepub. 158: 356-360. 

 

Bello, S. M., Millo, H., Rajebhosale, M., and Price, S. R. 2012. Catenin- dependent 

cadherin function drives divisional segregation of spinal motor neurons. The 

Journal of Neuroscience. 32: 490-505. 

 

Beloti M.M. and Rosa A.L. 2005. Osteoblast differentiation of human bone marrow 

cells under continuous and discontinuous treatment with dexamethasone. 

Brazilian dental journal. 16: 156-61. 

 

Beltrami, A. P., Barlucchi, L., Torella, D., Baker, M., Limana, F., Chimenti, S., and 

Anversa, P. 2003. Adult cardiac stem cells are multipotent and support 

myocardial regeneration. Cell. 114: 763-776. 

 

Beltrami, A. P., Urbanek, K., Kajstura, J., Yan, S. M., Finato, N., Bussani, R., ... 

and Anversa, P. 2001. Evidence that human cardiac myocytes divide after 

myocardial infarction. New England Journal of Medicine. 344: 1750-1757. 

 

Benirschke K. and Kaufmann P. 2000. Pathology of the human placenta. Springer 

Verlag. 

 

Berber D., Roorda A., Willem A. Kamps W.A.,and Bont E.S. 2006. Bonemarrow 

derived cells and tumor growth: Contribution of bone marrow-derived cells 

to tumor micro-environments with special focus onmesenchymal stem cells. 

Critical Reviews in Oncology/ Hematology. 69: 187–98. 

 

Bergmann, O., Bhardwaj, R.D., Bernard, S., Zdunek, S., Barnabé-Heider, F., 

Walsh, S., and Druid, H. 2009. Evidence for cardiomyocyte renewal in 

humans.  Science. 324: 98-102.  

 

Bernardo M.E., Zaffaroni N., Novara F., Cometa A.M., Avanzini M.A., Moretta 

A., Montagna D., Maccario R., Villa R. and Daidone M.G. 2007. Human 

bone marrow–derived mesenchymal stem cells do not undergo 

transformation after long-term in vitro culture and do not exhibit telomere 

maintenance mechanisms. Cancer Research. 67: 9142-9. 

 



© C
OPYRIG

HT U
PM

119 
 

Bianco P., Riminucci M., Gronthos S. and Robey P.G. 2001. Bone marrow stromal 

stem cells: nature, biology, and potential applications. Stem Cells. 19: 180-

92. 

 

Biben C, Harvey RP. 1997. Homeodomain factor Nkx2-5 controls left/right 

asymmetric expression of bHLH gene eHand during murine heart 

development. Genes Dev. 11: 1357-1369. 

 

Bieback K. and Kluter H. 2007. Mesenchymal stromal cells from umbilical cord 

blood. Current Stem Cell Research and Therapy. 38: 310-23. 

 

Bishai, I. E. M. 2012. In vitro differentiation of human mesenchymal stem cells to 

epithelial lineage. Faculty of Medicine Cairo University Theses. 

 

Boheler, K. R., Czyz, J., Tweedie, D., Yang, H. T., Anisimov, S. V., and Wobus, 

A.M. (2002). Differentiation of pluripotent embryonic stem cells into 

cardiomyocytes. Circulation research. 91: 189-201. 

 

Boron, W. F., and Boulpaep, E. L. 2012. Medical Physiology, 2e Updated Edition: 

with STUDENT CONSULT Online Access:Elsevier Health Sciences. 

 

Boyer L.A., Lee T.I., Cole M.F., Johnstone S.E., Levine S.S., Zucker J.P., 

Guenther M.G., Kumar R.M., Murray H.L. and Jenner R.G. 2005. Core 

transcriptional regulatory circuitry in human embryonic stem cells. Cell. 

122: 947-56. 

 

Brachvogel B., Moch H., Pausch F., -Schrehardt U., Hofmann C., Hallmann R., 

von der Mark K., Winkler T. 2005. Perivascular cells expressing annexin 

A5 define a novel mesenchymal stem cell-like population with the capacity 

to differentiate into multiple mesenchymal lineages. Development. 132: 

2657-68. 

 

Branski L.K., Kulp G., Jeschke M.G., Norbury W.B. and Herndon D.N. 2007. 

P270: Amniotic membrane as wound coverage: The effects of irradiation 

and different processing methods on growth factor content. Journal of 

Surgical Research. 137: 339-. 

 

Braun P. and Gingras A.C. 2012. History of protein–protein interactions: From 

egg‐white to complex networks. Proteomics. 12: 1478-98. 

 

Buhring H.J., Battula V.L., Treml S., Schewe B., Kanz L. and Vogel W. 2007. 

Novel markers for the prospective isolation of human MSC. Annals of the 

New York Academy of Sciences. 1106: 262-71. 

 



© C
OPYRIG

HT U
PM

120 
 

Bugorsky, R., Perriard, J. C., and Vassalli, G. 2009. N-cadherin is essential for 

retinoic acid-mediated cardiomyogenic differentiation in mouse embryonic 

stem cells. European Journal of Histochemistry. 51: 181-192. 

 

Burns, N. (2013). Cardiovascular physiology. 

 

Chambers I., Colby D., Robertson M., Nichols J., Lee S., Tweedie S. and Smith A. 

2003. Functional expression cloning of Nanog, a pluripotency sustaining 

factor in embryonic stem cells. Cell. 113: 643-55. 

 

Chambers, R. L., & McDermott, J. C. 1996. Molecular basis of skeletal muscle 

regeneration. Canadian Journal of applied physiology. 21: 155-184. 

 

Chiu R.C.J., Zibaitis A. and Kao R.L.1995. Cellular cardiomyoplasty: myocardial 

regeneration with satellite cell implantation. The Annals of thoracic 

surgery. 60: 12-8. 

 

Christoforou, N., and Gearhart, J.D. 2007. Stem cells and their potential in cell-

based cardiac therapies. Progress in cardiovascular diseases. 49: 396-413. 

 

Conconi, M. T., Di Liddo, R., Tommasini, M., Calore, C., and Parnigotto, P. P. 

2011. Phenotype and differentiation potential of stromal populations 

obtained from various zones of human umbilical cord: An overview. The 

Open Tissue Eng Regen Med J. 4: 6-20. 

 

Cross J.C. 1998. Formation of the placenta and extraembryonic membranes. Annals 

of the New York Academy of Sciences. 857: 23-32. 

 

Cugno, M., Marzano, A. V., Lorini, M., Carbonelli, V., & Tedeschi, A. 2014. 

Enhanced Tissue Factor Expression by Blood Eosinophils from Patients 

with Hypereosinophilia: A Possible Link with Thrombosis. 

 

Cui, D., Naftel, J. P., Lynch, J. C., Yang, G., Daley, W. P., Haines, D. E., and 

Fratkin, J. D. 2011. Atlas of Histology: With Functional and Clinical 

Correlations. Baltimore:Lippincott Williams and Wilkins. 

  

Cunningham F.G., MacDonald P.C. and Gant N.F. 2001. The placenta and fetal 

membranes. Williams Obstetrics. 21: 85-108. 

 

Dahlstrand, J. O. N. A. S., Zimmerman, L. B., McKay, R. D., and Lendahl, U. R. 

B. A. N. 1992. Characterization of the human nestin gene reveals a close 

evolutionary relationship to neurofilaments. Journal of Cell Science. 103: 

589-597. 

 



© C
OPYRIG

HT U
PM

121 
 

Darr H., Mayshar Y. and Benvenisty N. 2006. Overexpression of NANOG in 

human ES cells enables feeder-free growth while inducing primitive 

ectoderm features. Development. 133: 1193-201. 

 

Davies J.A. 1996. Mesenchyme to epithelium transition during development of the 

mammalian kidney tubule. Cells Tissues Organs. 156: 187-201. 

 

Davis J.S. 1910. Skin transplantation. Johns Hopkins Hospital Reports. 15: 307-96. 

 

Davey, M.S., and Prakash, R. 2011. Cardioprotective effect of methanolic root of 

Calotropis gigantea Linn in isoprenaline induced myocardial infarction in 

extract rats. Journal of Pharmacy Research. 4: 1659-1662 . 

 

Dawn, B., Stein, A.B., Urbanek, K., Rota, M., Whang, B., Rastaldo, R., and 

Kajstura, J. 2005. Cardiac stem cells delivered intravascularly traversethe 

vessel barrier, regenerate infarcted myocardium, and improve cardiac 

function. Proceedings of the National Academy of Sciences of the United 

States of America. 102: 3766-3771.  

 

Deans R.J. and Moseley A.B. 2000. Mesenchymal stem cells: biology and potential 

clinical uses. Experimental hematology. 28: 875-84. 

 

de Macedo-Braga L.M.G., Lacchini S., Schaan B.D.A., Rodrigues B., Rosa K., De 

Angelis K., Borges L.F., Irigoyen M.C. and Nardi N.B. 2008. In situ 

delivery of bone marrow cells and mesenchymal stem cells improves 

cardiovascular function in hypertensive rats submitted to myocardial 

infarction. Journal of biomedical science. 15: 365-74. 

 

Deng F.G., Li Y.L. and Zhang X.Y. 2009. Role of 5-Azacytidinee in differentiation 

of human mesenchymal stem cell sinto cardiomyocytes in vitro. Journal of 

Geriatric Cardiology September. 6: 182. 

 

DiGirolamo C.M., Stokes D., Colter D., Phinney D.G., Class R. and Prockop D.J. 

1999. Propagation and senescence of human marrow stromal cells in 

culture: a simple colonyâ€•forming assay identifies samples with the 

greatest potential to propagate and differentiate. British journal of 

haematology. 107: 275-81. 

 

D'Ippolito G., Schiller P.C., Ricordi C., Roos B.A. and Howard G.A. 1999. Age-

Related Osteogenic Potential of Mesenchymal Stromal Stem Cells from 

Human Vertebral Bone Marrow. Journal of bone and mineral research. 14: 

1115-22. 

 

Dobreva, M. P., Pereira, P. N., Deprest, J., and Zwijsen, A. 2010. On the origin of 

amniotic stem cells: of mice and men. Int J Dev Biol. 54: 761-777.  

 



© C
OPYRIG

HT U
PM

122 
 

Doetschman T.C., Eistetter H., Katz M., Schmidt W., Kemler R.1985.The in vitro 

development of blastocyst-derived embryonic stem cell lines: formation of 

visceral yolk sac, blood islands and myocardium.J Embryol Exp Morphol. 

87: 27-45. 

 

Dominici M., Le Blanc K., Mueller I., Slaper-Cortenbach I., Marini F.C., Krause 

D.S., Deans R.J., Keating A., Prockop D.J. and Horwitz E.M. 2006. 

Minimal criteria for defining multipotent mesenchymal stromal cells. The 

International Society for Cellular Therapy position statement. Cytotherapy. 

8: 315-7. 

 

Drake, R., Vogl, A. W., & Mitchell, A. W. (2014). Gray's anatomy for students. 

Elsevier Health Sciences. 

 

Duguay, D., Foty, R. A., and Steinberg, M. S. 2003. Cadherin-mediated cell 

adhesion and tissue segregation: qualitative and quantitative 

determinants.Developmental biology. 253: 309-323. 

 

Elwan M.A. and Sakuragawa N. 1997. Evidence for synthesis and release of 

catecholamines by human amniotic epithelial cells. Neuroreport. 8: 3435. 

 

Elwan M.A., Thangavel R., Ono F. and Sakuragawa N. 1998. Synthesis and release 

of catecholamines by cultured monkey amniotic epithelial cells. Journal of 

neuroscience research. 53: 107-13. 

 

Engler A.J., Sen S., Sweeney H.L. and Discher D.E. 2006. Matrix elasticity directs 

stem cell lineage specification. Cell. 126: 677-89. 

 

Eun, LY, Song, H, Choi, E, Lee, TG, Moon, DW, Hwang, D, and Hwang, KC. 

2011. Implanted bone marrow-derived mesenchymal stem cells fail to 

metabolically stabilize or recover electromechanical function in infarcted 

hearts. Tissue and   Cell. 43: 238-245.  

 

Evangelista, M., Soncini, M., and Parolini, O. 2008. Placenta-derived stem 

cells:new hope for cell therapy?. Cytotechnology. 58: 33-42.  

 

Fanjun, C., Ping, Z., Handong, Y., Zhengtong, Y., and Zhaodong, Z. 2003. Induced  

differentiation of human cord blood mesenchymal stem/ progenitor cells 

into cardiomyocyte-like cells in vitro. Journal of Huazhong University of 

Science and Technology-Medical Sciences. 23: 154-157.  

 

Feigin, V. L., Forouzanfar, M. H., Krishnamurthi, R., Mensah, G. A., Connor, M., 

Bennett, D. A., and Murray, C. 2014. Global and regional burden of stroke 

during 1990–2010: findings from the Global Burden of Disease Study 2010. 

The Lancet, 383(9913), 245-255. 

 



© C
OPYRIG

HT U
PM

123 
 

Ferrari G., Angelis D., Coletta M., Paolucci E., Stornaiuolo A., Cossu G. and 

Mavilio F. 1998. Muscle regeneration by bone marrow-derived myogenic 

progenitors. Science. 279: 1528-30. 

 

Fried W., Kedo A. and Barone J. 1977. Effects of cyclophosphamide and of 

busulfan on spleen colony-forming units and on hematopoietic stroma. 

Cancer research. 37: 1205. 

 

Fu X., Fang L., Li X., Cheng B. and Sheng Z. 2006. Enhanced woundâ€گhealing 

quality with bone marrow mesenchymal stem cells autografting after skin 

injury. Wound repair and regeneration. 14: 325-35. 

 

Fukuda, K. 2003. Use of adult marrow mesenchymal stem cells for regeneration of 

cardiomyocytes. Bone marrow transplantation. 32: S25- S27. 

 

Ganatra M.A. 2003. Amniotic membrane in surgery. JOURNAL-PAKISTAN 

MEDICAL ASSOCIATION. 53: 29-32. 

 

Gang E.J., Bosnakovski D., Figueiredo C.A., Visser J.W. and Perlingeiro R.C.R. 

2007. SSEA-4 identifies mesenchymal stem cells from bone marrow. 

Blood. 109: 1743-51. 

 

George, J. C. 2010. Stem cell therapy in acute myocardial infarction: a review of 

clinical trials. Translational Research, 155(1), 10-19. 

 

Giegerich, R., Meyer, F., and Schleiermacher, C. 1996. GeneFisher-software 

support for the detection of postulated genes. In ISMB.  68-77. 

 

Glover A.B. and Leyland-Jones B. 1987. Biochemistry of azacitidine: a review. 

Cancer treatment reports. 71: 959. 

 

Gnecchi, M., Zhang, Z., Ni, A., and Dzau, V. J. 2008. Paracrine mechanisms in 

adult stem cell signaling and therapy. Circulation research. 103: 1204-

1219. 

 

Gnecchi, M., He, H., Noiseux, N., Liang, O. D., Zhang, L., Morello, F., ... and 

Dzau, V. J. 2006. Evidence supporting paracrine hypothesis for Akt-

modified mesenchymal stem cell-mediated cardiac protection and 

functional improvement. The FASEB Journal. 20: 661-669. 

 

Gomes M.E., Bossano C.M., Johnston C.M., Reis R.L. and Mikos A.G. 2006. In 

vitro localization of bone growth factors in constructs of biodegradable 

scaffolds seeded with marrow stromal cells and cultured in a flow perfusion 

bioreactor. Tissue engineering. 12: 177-88. 

 



© C
OPYRIG

HT U
PM

124 
 

Gomez, G. A, and McLachlan, R. W. 2011. Productive tension: force-sensing and 

homeostasis of cell–cell junctions. Trends in cell biology. 21: 499-505. 

 

Gray, H. 2009. Gray's Anatomy: With original illustrations by Henry Carter. 

Arcturus Publishing. 

 

Gregory C.A., Ylostalo J. and Prockop D.J. 2005. Adult bone marrow 

stem/progenitor cells (MSCs) are preconditioned by microenvironmental" 

niches" in culture: a two-stage hypothesis for regulation of MSC fate. 

Science's STKE.  pe37. 

 

Grounds M.D., White J.D., Rosenthal N. and Bogoyevitch M.A. 2002. The role of 

stem cells in skeletal and cardiac muscle repair. Journal of Histochemistry 

and Cytochemistry. 50: 589. 

 

Guérette, D., Khan, P. A., Savard, P. E., and Vincent, M. 2007. Molecular 

evolution of type VI intermediate filament proteins. BMC evolutionary 

biology 7: 164. 

 

Han, X., Wan, Q., Wu, W., Zheng, A., Li, L., and Liu, X. 2011. Activin A and 

BMP-4 induce cardiomyocyte-like cells differentiation of human amniotic 

epithelial cells. Journal of biomedical engineering. 28: 1217.  

 

Han, Y., Li, J., and Huo, Y. 2008. ESC Guidelines for the diagnosis and treatment 

of acute and chronic heart failure. 29: 2388-2442.  

 

Hao Y., Ma D.H.K., Hwang D.G., Kim W.S. and Zhang F. 2000. Identification of 

antiangiogenic and antiinflammatory proteins in human amniotic 

membrane. Cornea. 19: 348. 

 

Harvey, R. P. 1996. Nk-2homeobox genes and heart development. Developmental 

biology, 178(2), 203-216. 

 

Hatmi, Z. N., Tahvildari, S., Motlag, A. G., & Kashani, A. S. 2007. Prevalence of 

coronary artery disease risk factors in Iran: a population based survey. BMC 

Cardiovascular Disorders. 7: 32. 

 

Hattori K., Dias S., Heissig B., Hackett N.R., Lyden D., Tateno M., Hicklin D.J., 

Zhu Z., Witte L. and Crystal R.G. 2001. Vascular endothelial growth factor 

and angiopoietin-1 stimulate postnatal hematopoiesis by recruitment of 

vasculogenic and hematopoietic stem cells. The Journal of experimental 

medicine. 193: 1005. 

 

Haynesworth S.E., Baber M.A. and Caplan A.I. 1996.Cytokine expression by 

human marrow‐derived mesenchymal progenitor cells in vitro: Effects of 

dexamethasone and IL‐1α. Journal of cellular physiology. 166: 585-92. 



© C
OPYRIG

HT U
PM

125 
 

Haynesworth S.E., Barer M.A. and Caplan A.I. 1992. Cell surface antigens on 

human marrow-derived mesenchymal cells are detected by monoclonal 

antibodies. Bone. 13: 69-80. 

 

He X., Li Y., Wang X., Guo X. and Niu Y. 2005. Mesenchymal stem cells 

transduced by PLEGFP-N1 retroviral vector maintain their biological 

features and differentiation. CHINESE MEDICAL JOURNAL-BEIJING-

ENGLISH EDITION. 118: 1728. 

 

Henderson J., Draper J., Baillie H., Fishel S., Thomson J., Moore H., Andrews P. 

2002. Preimplantation human embryos and embryonic stem cells show 

comparable expression of stage‐specific embryonic antigens. Stem Cells. 

20: 329-337. 

 

Hennerbichler S., Reichl B., Pleiner D., Gabriel C., Eibl J. and Redl H. 2007. The 

influence of various storage conditions on cell viability in amniotic 

membrane. Cell and tissue banking. 8: 1-8. 

 

Herrera M.B., Bussolati B., Bruno S., Fonsato V., Romanazzi G.M. and Camussi 

G. 2004. Mesenchymal stem cells contribute to the renal repair of acute 

tubular epithelial injury. International journal of molecular medicine. 14: 

1035. 

 

Hierlihy, A. M., Seale, P., Lobe, C. G., Rudnicki, M. A., and Megeney, L. A. 2002. 

The post-natal heart contains a myocardial stem cell population. FEBS 

letters. 530: 239-243. 

 

Hodges R.J., Lim R., Jenkin G. and Wallace E.M. 2012 Amnion epithelial cells as 

a candidate therapy for acute and chronic lung injury. Stem cells 

international, Article ID 709763, 7 pages. 

 

Hofner, M., Höllrigl, A., Puz, S., Stary, M., and Weitzer, G. 2007. Desmin 

stimulates differentiation of cardiomyocytes and up-regulation of brachyury 

and nkx2.5. Differentiation. 75: 605-615. 

 

Hoover-Plow, J., and Gong, Y. 2012. Challenges for heart disease stem cell 

therapy. Vasc Health Risk Manag. 8: 99-113. 

 

Horwitz E.M., Gordon P.L., Koo W.K.K., Marx J.C., Neel M.D., McNall R.Y., 

Muul L. and Hofmann T. 2002. Isolated allogeneic bone marrow-derived 

mesenchymal cells engraft and stimulate growth in children with 

osteogenesis imperfecta: Implications for cell therapy of bone. Proceedings 

of the National Academy of Sciences. 99: 8932. 

 

 



© C
OPYRIG

HT U
PM

126 
 

Hoynowski S.M., Fry M.M., Gardner B.M., Leming M.T. Tucker J.R., Black L., 

Sand T. and Mitchell K.E. 2007. Characterization and differentiation of 

equine umbilical cord-derived matrix cells. Biochemical and biophysical 

research communications. 362: 347-53. 

 

Hsieh, P.C.H., Segers, V.F.M., Davis, M.E., MacGillivray, C., Gannon, J., 

Molkentin, J.D., and Lee, R.T. 2007. Evidence from a genetic fate- 

mapping study that stem cells refresh adult mammalian cardiomyocytes 

after injury. Nature medicine. 13: 970-974. 

 

Hung S.C., Pochampally R.R., Chen S.C., Hsu S.C. and Prockop D.J. 2007. 

Angiogenic Effects of Human Multipotent Stromal Cell Conditioned 

Medium Activate the PI3KAkt Pathway in Hypoxic Endothelial Cells to 

Inhibit Apoptosis, Increase Survival, and Stimulate Angiogenesis. Stem 

cells. 25: 2363-70. 

 

Ilancheran S., Michalska A., Peh G., Wallace E.M., Pera M. and Manuelpillai U. 

2007. Stem cells derived from human fetal membranes display multilineage 

differentiation potential. Biology of reproduction. 77: 577-88. 

 

Ilancheran S., Moodley Y. and Manuelpillai U. 2009. Human fetal membranes: a 

source of stem cells for tissue regeneration and repair? Placenta. 30: 2-10. 

 

Inoue Y., Iriyama A., Ueno S., Takahashi H., Kondo M., Tamaki Y., Araie M. and 

Yanagi Y. 2007. Subretinal transplantation of bone marrow mesenchymal 

stem cells delays retinal degeneration in the RCS rat model of retinal 

degeneration. Experimental eye research. 85: 234-41. 

 

Insausti, C. L., Blanquer, M., Bleda, P., Iniesta, P., Majado, M. J., Castellanos, 

G.,and Moraleda, J. M. 2010. The amniotic membrane as a source of stem 

cells. Histology and histopathology. 25: 91-98.  

 

Jaffe, A. B., and Hall, A. 2005. Rho GTPases: biochemistry and biology. Annu. 

Rev. Cell Dev. Biol., 21, 247-269. 

 

Jain, M., DerSimonian, H., Brenner, D.A., Ngoy, S., Teller, P., Edge, A.S.B., and 

Colucci, W.S. 2001. Cell therapy attenuates deleterious ventricular 

remodeling and improves cardiac performance after myocardial 

infarction.Circulation. 103: 1920-1927.  

 

Jiang Y., Jahagirdar B.N., Reinhardt R.L., Schwartz R.E., Keene C.D., Ortiz-

Gonzalez X.R., Reyes M., Lenvik T., Lund T. and Blackstad M. 2002. 

Pluripotency of mesenchymal stem cells derived from adult marrow. 

Nature. 418: 41-9. 

 



© C
OPYRIG

HT U
PM

127 
 

Jones E., McGonagle D. 2008. Human bone marrow mesenchymal stem cells In 

vivo. Rheumatology. 47: 126-131. 

 

Jones, E. A., English, A., Kinsey, S. E., Straszynski, L., Emery, P., Ponchel, F., and 

McGonagle, D. 2006. Optimization of a flow cytometry‐based protocol for 

detection and phenotypic characterization of multipotent mesenchymal 

stromal cells from human bone marrow. Cytometry Part B: 

ClinicalCytometry. 70: 391-399. 

 

Jones, E. A., Kinsey, S. E., English, A., Jones, R. A., Straszynski, L., Meredith, D. 

M., ... and McGonagle, D. 2002. Isolation and characterization of bone 

marrow multipotential mesenchymal progenitor cells. Arthritis and 

Rheumatism. 46: 3349-3360. 

 

Jones P.A. 1985. Altering gene expression with 5-Azacytidinee. Cell. 40: 485. 

 

Jones P.A., Taylor S.M. and Wilson V.L. 1983. Inhibition of DNA methylation by 

5-Azacytidinee. Recent results in cancer research. Fortschritte der 

Krebsforschung. ProgrÃ¨s dans les recherches sur le cancer. 84: 202. 

 

Jones P.A., Taylor S.M., Mohandas T. and Shapiro L.J. 1982. Cell cycle-specific 

reactivation of an inactive X-chromosome locus by 5-azadeoxycytidine. 

Proceedings of the National Academy of Sciences. 79: 1215. 

 

Jones P.A. and Taylor S.M. 1980. Cellular differentiation, cytidine analogs and 

DNA methylation. Cell. 20: 85. 

 

Kachinsky, A. M, Dominov, J. A, and Miller, J.B. 1995. Intermediate filaments in 

cardiac myogenesis: nestin in the developing mouse heart. Journal of 

Histochemistry and Cytochemistry. 43: 843-847.  

 

Kadiyala S., Young R.G., Thiede M.A. and Bruder S.P. 1997. Culture expanded 

canine mesenchymal stem cells possess osteochondrogenic potential In vivo 

and in vitro. Cell Transplantation. 6: 125-34. 

 

Kakishita K., Elwan M.A., Nakao N., Itakura T. and Sakuragawa N. 2000. Human 

amniotic epithelial cells produce dopamine and survive after implantation 

into the striatum of a rat model of Parkinson's disease: a potential source of 

donor for transplantation therapy. Experimental neurology. 165: 27-34. 

 

Kakishita K., Nakao N., Sakuragawa N. and Itakura T. 2003. Implantation of 

human amniotic epithelial cells prevents the degeneration of nigral 

dopamine neurons in rats with 6-hydroxydopamine lesions. Brain research. 

980: 48-56. 

 



© C
OPYRIG

HT U
PM

128 
 

Kamihata H., Matsubara H., Nishiue T., Fujiyama S., Tsutsumi Y., Ozono R., 

Masaki H., Mori Y., Iba O. and Tateishi E. 2001. Implantation of bone 

marrow mononuclear cells into ischemic myocardium enhances collateral 

perfusion and regional function via side supply of angioblasts, angiogenic 

ligands, and cytokines. Circulation. 104: 1046-52. 

 

Kappetein, A.P., Feldman, T.E., Mack, M.J., Morice, M.C., Holmes, D.R., 

Ståhle,E., and Colombo, A. 2011. Comparison of coronary bypass surgery 

with drug-eluting stenting for the treatment of left main and/or three-vessel 

disease: 3-year follow-up of the SYNTAX trial. European heart journal. 

32: 2125-2134. 

 

Karahuseyinoglu S., Cinar O., Kilic E., Kara F., Akay G.G., Demiralp D.أ., Tukun 

A., Uckan D. and Can A. 2007. Biology of stem cells in human umbilical 

cord stroma: in situ and in vitro surveys. Stem Cells. 25: 319-31. 

 

Karamouzian, S., Nematollahi-Mahani, S. N., Nakhaee, N., and Eskandary, H. 

2012. Clinical safety and primary efficacy of bone marrow mesenchymal 

cell transplantation in subacute spinal cord injured patients. Clinical 

neurologyand neurosurgery. 114: 935-939. 

 

Kassem, M., Kristiansen, M., and Abdallah, B. M. 2004. Mesenchymal stem cells: 

cell biology and potential use in therapy. Basic and clinical pharmacology 

and toxicology. 95: 209-214. 

 

Katz, A. M. 2010. Physiology of the Heart. Lippincott Williams & Wilkins. 

 

Kehat, I., Khimovich, L., Caspi, O., Gepstein, A., Shofti, R., Arbel, G., Gepstein, 

L. 2004. Electromechanical integration of cardiomyocytes derived from 

human embryonic stem cells. Nature biotechnology. 22: 1282-1289. 

 

Kemp K.C., Hows J. and Donaldson C. 2005. Bone marrow-derived mesenchymal 

stem cells. Leukemia and lymphoma. 46: 1531-44. 

 

Khakoo, A. Y., Pati, S., Anderson, S. A., Reid, W., Elshal, M. F., Rovira, I. I., and 

Finkel, T. 2006. Human mesenchymal stem cells exert potent 

antitumorigenic effects in a model of Kaposi's sarcoma. The Journal of 

experimental medicine. 203: 1235-1247.  

 

Khan, I.N., Sarker, M.I., Almamun, A., Mazumder, K., Bhuiya, M.A.M., and 

Mannan, 2011. Cytotoxic and Thrombolytic Activity of Ethanolic Extract 

of Zanthoxylum Budrunga (Fam: Rutaceae) Leaves. European Journal of 

Scientific Research. 66: 303-310.  

 



© C
OPYRIG

HT U
PM

129 
 

Klug M.G., Soonpaa M.H., Koh G.Y. and Field L.J. 1996. Genetically selected 

cardiomyocytes from differentiating embronic stem cells form stable 

intracardiac grafts. Journal of Clinical Investigation. 98: 216. 

 

Koc O.N. and Lazarus H.M. 2001. Mesenchymal stem cells: heading into the 

clinic. Bone marrow transplantation. 27: 235.  

 

Koch T.G., Heerkens T., Thomsen P.D. and Betts D.H. 2007. Isolation of 

mesenchymal stem cells from equine umbilical cord blood. BMC 

biotechnology. 7: 26. 

 

Koh G.Y., Soonpaa M.H., Klug M.G. and Field L.J. 1993. Long-term survival of 

AT-1 cardiomyocyte grafts in syngeneic myocardium. American Journal of 

Physiology-Heart and Circulatory Physiology. 264: H1727-H33. 

 

Koh C.J. and Atala A. 2004 Tissue engineering, stem cells, and cloning: 

opportunities for regenerative medicine. Journal of the American Society of 

Nephrology. 15: 1113-25. 

 

Kontrogianni-Konstantopoulos, A., Ackermann, M. A., Bowman, A. L., Yap, S. 

V., and Bloch, R. J. 2009. Muscle giants: molecular scaffolds in 

sarcomerogenesis.Physiological Reviews, 89: 1217-1267. 

 

Kostetskii, I., Li, J., Xiong, Y., Zhou, R., Ferrari, V. A., Patel, V. V., and Radice, 

G. L. 2005. Induced deletion of the N-cadherin gene in the heart leads to 

dissolution of the intercalated disc structure. Circulation research. 963: 

346-354. 

Krause D.S. 2008. Bone marrowderived cells and stem cells in lung repair. 

Proceedings of the American Thoracic Society. 5: 323-7. 

 

Krushna, G., Kareem, MA, and Devi, KL.2009. Antidyslipidaemic effect of Aegle 

marmelos Linn.fruit on Isoproterenol induced myocardial injury in rats. The 

Internet Journal of Pharmacology. 6: 1-5. 

 

Kunter U., Rong S., Djuric Z., Boor P., MÃller-Newen G., Yu D. and Floege J. 

2006. Transplanted mesenchymal stem cells accelerate glomerular healing 

in experimental glomerulonephritis. Journal of the American Society of 

Nephrology. 17: 2202-12. 

 

Kuznetsov S.A., Krebsbach P.H., Satomura K., Kerr J., Riminucci M., Benayahu 

D. and Robey P.G. 1997. Singleâ€گcolony derived strains of human 

marrow stromal fibroblasts form bone after transplantation In vivo. Journal 

of Bone and Mineral Research. 12: 1335-47. 

 

 



© C
OPYRIG

HT U
PM

130 
 

Laflamme, M. A., Gold, J., Xu, C., Hassanipour, M., Rosler, E., Police, S., and 

Murry, C. E. 2005. Formation of human myocardium in the rat heart from 

human embryonic stem cells. The American journal of pathology. 167: 663-

671. 

 

Laflamme, M. A., Chen, K. Y., Naumova, A. V., Muskheli, V., Fugate, J. A., 

Dupras, S. K.,  and Murry, C. E. 2007. Cardiomyocytes derived from 

human embryonic stem cells in pro-survival factors enhance function of 

infarcted rat hearts. Nature biotechnology. 25: 1015-1024. 

 

Laflamme, M.A., Murry, C.E. 2011. Heart regeneration. Nature. 473: 326–335 

 

Laflamme, M.A., and Murry,   C.E.  2005.  Regenerating   the   heart. Nature 

Biotechnology. 23: 845-856. 

 

Latifpour, M., Nematollahi-Mahani, S.N., Deilamy, M., Azimzadeh, B.S., 

Eftekhar-Vaghefi, S.H., Nabipour, F., and Eftekhar-Vaghefi, R. 2011. 

Improvement in cardiac function following transplantation of human 

umbilical cord matrix-derived mesenchymal cells. Cardiology. 120: 9-18.  

 

Layland, J., Solaro, R. J., & Shah, A. M. 2005. Regulation of cardiac contractile 

function by troponin I phosphorylation. Cardiovascular research,66(1), 12-

21. 

Lee J.W., Fang X., Gupta N., Serikov V. and Matthay M.A. 2009. Allogeneic 

human mesenchymal stem cells for treatment of E. coli endotoxin-induced 

acute lung injury in the ex vivo perfused human lung. Proceedings of the 

National Academy of Sciences. 106: 16357-62. 

 

Lee R.H., Seo M.J., Reger R.L., Spees J.L., Pulin A.A., Olson S.D. and Prockop 

D.J. 2006. Multipotent stromal cells from human marrow home to and 

promote repair of pancreatic islets and renal glomeruli in diabetic NOD/scid 

mice. Proceedings of the National Academy of Sciences. 103: 17438-43. 

 

Leistner, D.M., and Zeiher, A.M. 2012.Novel Avenues for Cell Therapy in Acute 

Myocardial Infarction. Circulation research. 110: 195-197. 

 

Léobon, B., Garcin, I., Menasché, P., Vilquin, J. T., Audinat, E., and Charpak, S. 

2003. Myoblasts transplanted into rat infarcted myocardium are 

functionally isolated from their host. Proceedings of the National Academy 

of Sciences. 100: 7808-7811. 

 

Leor, J., Patterson, M., Quinones, M. J., Kedes, L. H., and Kloner, R. A. 1996. 

Transplantation of fetal myocardial tissue into the infarcted myocardium of 

rat: a potential method for repair of infarcted myocardium? Circulation. 94: 

332-336. 

 



© C
OPYRIG

HT U
PM

131 
 

Leri, A., Kajstura, J., Anversa, P., and Frishman, W. H. 2008. Myocardial 

regeneration and stem cell repair. Current problems in cardiology. 33: 91-

153. 

 

Li, Z., Mericskay, M., Agbulut, O., Butler-Browne, G., Carlsson, L., Thornell, L. 

E., and Paulin, D. 1997. Desmin is essential for the tensile strength and 

integrity of myofibrils but not for myogenic commitment,differentiation,and 

fusion of skeletal muscle. The Journal of cell biology. 139: 129-144. 

 

Li T.S., Hamano K., Nishida M., Hayashi M., Ito H., Mikamo A. and Matsuzaki M. 

2003. CD117+ stem cells play a key role in therapeutic angiogenesis 

induced by bone marrow cell implantation. American Journal of 

Physiology-Heart and Circulatory Physiology. 285: H931-H7. 

 

Liao, R., Pfister, O., Jain, M., and Mouquet, F. 2007. The bone marrow—cardiac 

axis of myocardial regeneration. Progress in cardiovascular diseases. 50: 

18-30. 

 

Lilien, J., Balsamo, J., Arregui, C., and Xu, G. 2002. Turn‐off, drop‐out: functional 

state switching of cadherins. Developmental dynamics. 224: 18-29. 

 

Lindenmair, A., Wolbank, S., Stadler, G., Meinl, A., Peterbauer-Scherb, A., Eibl, 

J., and Redl, H. (2010). Osteogenic differentiation of intact human amniotic 

membrane. Biomaterials. 31: 8659-8665. 

 

Liu Y., Song J., Liu W., Wan Y., Chen X. and Hu C. 2003. Growth and 

differentiation of rat bone marrow stromal cells: does 5-Azacytidinee 

trigger their cardiomyogenic differentiation? Cardiovascular research. 58: 

460-8. 

 

Lodie T.A., Blickarz C.E., Devarakonda T.J., He C., Dash A.B., Clarke J., Gleneck 

K., Shihabuddin L. and Tubo R. 2002. Systematic analysis of reportedly 

distinct populations of multipotent bone marrow-derived stem cells reveals 

a lack of distinction. Tissue engineering 8: 739-51. 

 

Lodish, H., Berk, M. A., Matsudaira, P., and Darnell, J. 2005. Biologie moléculaire 

de la cellule. De Boeck Supérieur.  

 

López, Y., Lutjemeier, B.,Seshareddy, K., Trevino, E.M., Hageman, KS, , Musch, 

T.I., and Weiss M.L. 2012.Wharton's jelly or bone marrow mesenchymal 

stromal cells improve cardiac function following myocardial infarction for 

more than 32 weeks in a rat model: A Preliminary Report. Current stem cell 

research and therapy. 

 

 



© C
OPYRIG

HT U
PM

132 
 

Looijenga L.H.J., Stoop H., de Leeuw H.P.J.C., de Gouveia B.C.A., Gillis A.J.M., 

van Roozendaal K.E.P., van Zoelen E.J.J., Weber R.F.A., Wolffenbuttel 

K.P. and van Dekken H. 2003. POU5F1 (OCT3/4) identifies cells with 

pluripotent potential in human germ cell tumors. Cancer research. 63: 

2244. 

 

Ma, N., Ladilov, Y., Kaminski, A., Piechaczek, C., Choi, Y.H., Li, W., and 

Stamm,C. 2006. Umbilical cord blood cell transplantation for myocardial 

regeneration. Paper presented at the Transplantation proceedings. 

 

Madonna, R., and De Caterina, R. 2010. Adipose tissue: a new source for 

cardiovascular repair. Journal of Cardiovascular Medicine. 11: 71. 

 

Mahmood A., Lu D. and Chopp M. 2004. Marrow stromal cell transplantation after 

traumatic brain injury promotes cellular proliferation within the brain. 

Neurosurgery. 55: 1185. 

 

Majumdar M.K., Thiede M.A., Mosca J.D., Moorman M. and Gerson S.L. 1998. 

Phenotypic and functional comparison of cultures of marrowâ€•derived 

mesenchymal stem cells (MSCs) and stromal cells. Journal of cellular 

physiology. 176: 57-66. 

 

Makino S., Fukuda K., Miyoshi S., Konishi F., Kodama H., Pan J., Sano M., 

Takahashi T., Hori S. and Abe H. 1999. Cardiomyocytes can be generated 

from marrow stromal cells in vitro. Journal of Clinical Investigation. 103: 

697-705. 

 

Makino, S., and Fukuda, K. 2011. Methods for differentiation of bone- marrow-

derived stem cells into myocytes. In Regenerating the Heart. 67-81. 

Humana Press. 

 

Mansour, S., Roy, D.C., Bouchard, V., Nguyen, B.K., Stevens, L.M., Gobeil, F., 

and Noiseux, N. 2010. COMPARE-AMI trial: comparison of intracoronary 

injection of CD133+ bone marrow stem cells to placebo in patients after 

acute myocardial infarction and left ventricular dysfunction: study rationale 

and design. Journal of cardiovascular translational research. 3: 153-159. 

 

Mazurier F., Doedens M., Gan O.I. and Dick J.E. 2003. Characterization of cord 

blood hematopoietic stem cells. Annals of the New York Academy of 

Sciences. 996: 67-71. 

 

McBurney, M. W., Jones-Villeneuve, E. M. V., Edwards, M. K. S., and Anderson, 

P. J. 1982. Control of muscle and neuronal differentiation in a cultured 

embryonal carcinoma cell line.Nature. 299: 165 – 167. 

 



© C
OPYRIG

HT U
PM

133 
 

Melkoumian, Z., Weber, J.L., Weber, D.M., Fadeev, A.G., Zhou, Y., Dolley- 

Sonneville, P., . . . Shogbon, C. 2010. Synthetic peptide-acrylate surfaces 

for long-term self-renewal and cardiomyocyte  ifferentiation of human 

embryonic stem cells. Nature  biotechnology. 28: 606-610. 

 

Melo, L. G., Pachori, A. S., Kong, D., Gnecchi, M., Wang, K., Pratt, R. E., and 

Dzau, V. J. 2004. Gene and cell-based therapies for heart disease. The 

FASEB journal. 18: 648-663. 

 

Menasché, P. 2009. Stem cell therapy for heart failure are arrhythmias a real safety 

concern?. Circulation. 119: 2735-2740. 

 

Messina, E., De Angelis, L., Frati, G., Morrone, S., Chimenti, S., Fiordaliso, F., 

and Coletta, M. 2004. Isolation and expansion of adult cardiac stem cells 

from human and murine heart.Circulation research. 95: 911- 921. 

 

Miki T. and Strom S.C. 2006. Amnion-derived pluripotent/multipotent stem cells. 

Stem Cell Reviews and Reports. 2: 133-41. 

 

Miki T., Mitamura K., Ross M.A., Stolz D.B. and Strom S.C. 2007b. Identification 

of stem cell marker-positive cells by immunofluorescence in term human 

amnion. Journal of reproductive immunology. 75: 91-6. 

 

Miki, T., Marongiu, F., Dorko, K., Ellis, E., and Strom, S. C. 2010. Isolation of 

amniotic epithelial stem cells. Current protocols in stem cell biology. 1E-3. 

 

Minguell J.J. and Erices A. 2006. Mesenchymal stem cells and the treatment of 

cardiac disease. Experimental biology and medicine. 231: 39-49. 

 

Mitchell K.E., Weiss M.L., Mitchell B.M., Martin P., Davis D., Morales L., Helwig 

B., Beerenstrauch M., Abouâ-Easa K. and Hildreth T. 2003. Matrix cells 

from Wharton's jelly form neurons and glia. Stem Cells. 21: 50-60. 

 

Mitsui K., Tokuzawa Y., Itoh H., Segawa K., Murakami M., Takahashi K., 

Maruyama M., Maeda M. and Yamanaka S. 2003. The homeoprotein 

Nanog is required for maintenance of pluripotency in mouse epiblast and 

ES cells. Cell. 113: 631-42. 

 

Miyamoto K, Hayashi K, Suzuki T, Ichihara S, Yamada T, Kano Y, Yamabe T, Ito 

Y (2004) Human placenta feeder layers support undifferentiated growth of 

primate embryonic stem cells. Stem Cells 22: 433-440. 

 

Mohanty, S., Bose, S., Jain, K. G., Bhargava, B., and Airan, B. 2013. TGFβ1 

contributes to cardiomyogenic-like differentiation of human bone marrow 

mesenchymal stem cells. International journal of cardiology. 163: 93-99. 

 



© C
OPYRIG

HT U
PM

134 
 

Moise Jr K.J. 2005 Umbilical cord stem cells. Obstetrics and Gynecology. 106: 

1393-407. 

 

Mokry, J, Pudil, R, Ehrmann, J, Cizkova, D, Osterreicher, J, Filip, S, and Kolar, Z. 

2008. Re-expression of nestin in the myocardium of postinfarcted patients. 

Virchows Archiv. 453: 33-41.  

 

Moore, D. S. 2015. The Developing Genome: An Introduction to Behavioral 

Epigenetics. Oxford University Press.  

 

Morigi M., Imberti B., Zoja C., Corna D., Tomasoni S., Abbate M., Rottoli D., 

Angioletti S., Benigni A. and Perico N. 2004. Mesenchymal stem cells are 

renotropic, helping to repair the kidney and improve function in acute renal 

failure. Journal of the American Society of Nephrology. 15: 1794-804. 

 

Moses, M. A., Wiederschain, D., Wu, I., Fernandez, C. A., Ghazizadeh, V., Lane, 

W. S., and Langer, R. 1999. Troponin I is present in human cartilage and 

inhibits angiogenesis. Proceedings of the National Academy of 

Sciences,96(6), 2645-2650. 

 

Muehling, O. M., Wilke, N. M., Panse, P., Jerosch-Herold, M., Wilson, B. V., 

Wilson,R. F., and Miller, L. W. 2003. Reduced myocardial perfusion 

reserve and transmural perfusiongradient in heart transplant 

arteriopathyassessed by magnetic resonance imaging. Journal of the 

American College of Cardiology. 42: 1054-1060.  

 

Mummery, C., Ward-van Oostwaard, D., Doevendans, P., Spijker, R., van den 

Brink, S., Hassink, R., and Tertoolen, L. 2003. Differentiation of human 

embryonic stem cells to cardiomyocytes role of coculture with  visceral 

endoderm-like cells. Circulation. 107: 2733-2740. 

 

Munoz J.R., Stoutenger B.R., Robinson A.P., Spees J.L. and Prockop D.J. 2005. 

Human stem/progenitor cells from bone marrow promote neurogenesis of 

endogenous neural stem cells in the hippocampus of mice. Proceedings of 

the National Academy of Sciences of the United States of America. 102: 

18171. 

 

Muraglia A., Cancedda R. and Quarto R. 2000. Clonal mesenchymal progenitors 

from human bone marrow differentiate in vitro according to a hierarchical 

model. Journal of Cell Science. 113: 1161-6. 

 

Murphy J.M., HeinegÃD., McIntosh A., Sterchi D. and Barry F.P. 1999. 

Distribution of cartilage molecules in the developing mouse joint. Matrix 

biology. 18: 487-97. 

 



© C
OPYRIG

HT U
PM

135 
 

Mushtaq, M., Oskouei, B. N., and Hare, J. M. 2011. Cell therapy for heart disease 

to genetically modify or not, that is the question. Circulation research. 108: 

398-401.  

 

Nakagawa H., Akita S., Fukui M., Fujii T. and Akino K. 2005. Human 

mesenchymal stem cells successfully improve skinâsubstitute wound 

healing. British Journal of Dermatology. 153: 29-36. 

 

Nartprayut, K., Kheolamai, P., Manochantr, S., Chayosumrit, M., Issaragrisil, S., 

and Supokawej, A. 2013. Cardiomyocyte differentiation of perinatally‑
derived mesenchymal stem cells. Molecular medicine reports. 7: 1465-

1469. 

 

National Cardiovascular Disease Database. NCVD-ACS Registry1st Annual 

Report 2006, assessed at www.acrm.org.my 

 

National Institutes of H. 2004.Stem cells: scientific progress and future research 

directions. University Press of the Pacific. 

 

Nattel, S., and Singh, B.N. 1999. Evolution, mechanisms, and classification of 

antiarrhythmic drugs: focus on class III actions. The American journal of 

cardiology. 84: 11-19. 

 

Niknejad H, Peirovi H, Jorjani M, Ahmadiani A, Ghanavi J, Seifalian AM (2008) 

Properties of the mniotic membrane for potential use in tissue engineering. 

Eur Cell Mater 15: 88-99. 

 

Niknejad, H., Khayat-Khoei, M., Peirovi, H., and Abolghasemi, H. 2014. Human 

amniotic epithelial cells induce apoptosis of cancer cells: a new anti-tumor 

therapeutic strategy. Cytotherapy. 16: 33-40. 

 

Niu, H., Mu, J., Zhang, J., Hu, P., Bo, P., and Wang, Y. 2013. Comparative study 

of three types of polymer materials co-cultured with bone marrow 

mesenchymal stem cells for use as a myocardial patch in cardiomyocyte 

regeneration. Journal of Materials Science: Materials in Medicine. 24: 

1535-1542. 

 

Niwa H., Miyazaki J. and Smith A.G. 2000. Quantitative expression of Oct-3/4 

defines differentiation, dedifferentiation or self-renewal of ES cells. Nature 

genetics. 24: 372-6. 

 

Niwa, H., Masui, S., Chambers, I., Smith, A. G., and Miyazaki, J. I. 2002. 

Phenotypic complementation establishes requirements for specific POU 

domain and generic transactivation function of Oct-3/4 in embryonic stem 

cells. Molecular and cellular biology. 22: 1526-1536. 

 



© C
OPYRIG

HT U
PM

136 
 

O'Connor M.D., Kardel M.D., Iosfina I., Youssef D., Lu M., Li M.M., Vercauteren 

S., Nagy A. and Eaves C.J. 2008. Alkaline Phosphatase‐Positive Colony 

Formation Is a Sensitive, Specific, and Quantitative Indicator of 

Undifferentiated Human Embryonic Stem Cells. Stem cells. 26: 1109-16. 

Odorico, J. S., Kaufman, D. S., and Thomson, J. A. 2001. Multilineage 

differentiation from human embryonic stem cell lines. Stem cells. 19: 193-

204. 

 

Okrainec K., Banerjee D.K. and Eisenberg M.J. 2004. Coronary artery disease in 

the developing world. American heart journal. 148: 7-15. 

 

Opie, L. H. (4
th

 Ed.). 2004. Heart physiology: from cell to circulation. Lippincott 

Williams & Wilkins. 

 

Ortiz L.A., Gambelli F., McBride C., Gaupp D., Baddoo M., Kaminski N. and 

Phinney D.G. 2003. Mesenchymal stem cell engraftment in lung is 

enhanced in response to bleomycin exposure and ameliorates its fibrotic 

effects. Proceedings of the National Academy of Sciences. 100: 8407. 

 

Pan J., Fukuda K., Saito M., Matsuzaki J., Kodama H., Sano M., Takahashi T., 

Kato T. and Ogawa S. 1999. Mechanical stretch activates the JAK/STAT 

pathway in rat cardiomyocytes. Circulation research. 84: 1127. 

 

Paracchini V., Carbone A., Colombo F., Castellani S., Mazzucchelli S., Di Gioia 

S., Degiorgio D., Seia M., Porretti L. and Colombo C. 2012. Amniotic 

Mesenchymal Stem Cells: A New Source for Hepatocyte-Like Cells and 

Induction of CFTR Expression by Coculture with Cystic Fibrosis Airway 

Epithelial Cells. Journal of Biomedicine and Biotechnology. 15 page. 

doi:10.1155/2012/575471 

 

Parolini O., Alviano F., Bagnara G.P., Bilic G., BÃhring H.J., Evangelista M., 

Hennerbichler S., Liu B., Magatti M. and Mao N. 2008. Concise review: 

isolation and characterization of cells from human term placenta: outcome 

of the first international Workshop on Placenta Derived Stem Cells. Stem 

Cells. 26: 300-11. 

 

Pasha, Z., Wang, Y., Sheikh, R., Zhang, D., Zhao, T., and Ashraf, M. 2008. 

Preconditioning enhances cell survival and differentiation of stem cells 

during transplantation in infarcted myocardium. Cardiovascular 

research.77: 134-142. 

  

Passier, R., and Mummery, C. 2005. Cardiomyocyte differentiation from 

embryonic and adult stem cells. Current opinion in biotechnology. 16: 498-

502. 

 



© C
OPYRIG

HT U
PM

137 
 

Paulin, D., and Li, Z. 2004. Desmin: a major intermediate filament protein essential 

for the structural integrity and function of muscle. Experimental cell 

research. 301: 1-7. 

 

Pfaffl MW. 2001. A new mathematical model for relative quantification in real-

time RT-PCR. Nucleic Acids Research. 29: e45, 2002-7. 

 

Pfeffer M.A. and Braunwald E. 1990. Ventricular remodeling after myocardial 

infarction. Experimental observations and clinical implications. Circulation. 

81: 1161-72. 

 

Phinney D.G., Hill K., Michelson C., DuTreil M., Hughes C., Humphries S., 

Wilkinson R., Baddoo M. and Bayly E. 2006. Biological activities encoded 

by the murine mesenchymal stem cell transcriptome provide a basis for 

their developmental potential and broad therapeutic efficacy. Stem cells. 24: 

186-98. 

 

Phinney D.G. and Isakova I. 2005. Plasticity and therapeutic potential of 

mesenchymal stem cells in the nervous system. Current pharmaceutical 

design. 11: 1255-65. 

 

Phinney D.G. and Prockop D.J. 2007. Concise review: mesenchymal 

stem/multipotent stromal cells: the state of transdifferentiation and modes 

of tissue repair, current views. Stem cells. 25: 2896-902. 

 

Piera-Velazquez S., Jimenez S.A. and Stokes D.G. 2002. Increased life span of 

human osteoarthritic chondrocytes by exogenous expression of telomerase. 

Arthritisand Rheumatism. 46: 683-93. 

 

Pittenger M.F., Mackay A.M., Beck S.C., Jaiswal R.K., Douglas R., Mosca J.D., 

Moorman M.A., Simonetti D.W., Craig S. and Marshak D.R. 1999. 

Multilineage potential of adult human mesenchymal stem cells. Science. 

284: 143-7. 

 

Piven, O. O., Kostetskii, I. E., Macewicz, L. L., Kolomiets, Y. M., Radice, G. L., 

and Lukash, L. L. 2011. Requirement for N-cadherin–catenin Complex in  

heart development. Experimental Biology and Medicine. 236: 816-822. 

 

Planat-Benard, V., Menard, C., André, M., Puceat, M., Perez, A., Garcia- Verdugo, 

J. M., ... and Casteilla, L. 2004. Spontaneous cardiomyocyte differentiation 

from adipose tissue stroma cells. Circulation research. 94: 223-229. 

 

Polo J.M., Liu S., Figueroa M.E., Kulalert W., Eminli S., Tan K.Y., Apostolou 

E.,Stadtfeld M., Li Y. and Shioda T. 2010 Cell type of origin the influences 

molecular and functional properties of mouse induced pluripotent stem 

cells. Naturebiotechnology. 28: 848-55. 



© C
OPYRIG

HT U
PM

138 
 

 Porcellini A. 2009. Regenerative medicine: a review. Revista Brasileira de 

Hematologia e Hemoterapia. 31: 63-6. 

 

Portmann-Lanz C.B., Schoeberlein A., Huber A., Sager R., Malek A., Holzgreve 

W. and Surbek D.V. 2006. Placental mesenchymal stem cells as potential 

autologous graft for pre-and perinatal neuroregeneration. American journal 

of obstetrics and gynecology. 194: 664-73. 

 

Pratama G., Vaghjiani V., Tee J.Y., Liu Y.H., Chan J., Tan C., Murthi P., Gargett 

C. and Manuelpillai U. 2011. Changes in culture expanded human amniotic 

epithelial cells: implications for potential therapeutic applications. PLoS 

One. 6: e26136. 

 

Prockop D.J. 1997. Marrow stromal cells as stem cells for nonhematopoietic 

tissues. Science. 276: 71-4. 

 

Prockop D.J. 2007. Stemness does not explain the repair of many tissues by 

mesenchymal stem/multipotent stromal cells (MSCs). Clinical 

Pharmacology and Therapeutics. 82: 241-3. 

 

Psaltis P.J., Zannettino A.C.W., Worthley S.G. and Gronthos S. 2008. Concise 

review: mesenchymal stromal cells: potential for cardiovascular repair. 

Stem cells. 26: 2201-10. 

 

Quevedo, H. C., Hatzistergos, K. E., Oskouei, B. N., Feigenbaum, G. S., 

Rodriguez, J. E., Valdes, D., and Hare, J. M. 2009. Allogeneic 

mesenchymal stem cells restore cardiac function in chronic ischemic 

cardiomyopathy via trilineage differentiating capacity. Proceedings of the 

National Academy of Sciences. 106: 14022-14027. 

Quirici N., Soligo D., Bossolasco P., Servida F., Lumini C. and Deliliers G.L. 

2002. Isolation of bone marrow mesenchymal stem cells by anti-nerve 

growth factor receptor antibodies. Experimental hematology. 30: 783-91. 

 

Radiscy D.C. 2005. Epithelial-mesenchymal transition. Journal of cell science. 

118: 4325-6. 

 

Rangappa, S., Makkar, R., and Forrester, J. 2010. Review article: current status of 

myocardial regeneration: new cell sources and new strategies. Journal of 

cardiovascular pharmacology and therapeutics. 15: 338-343. 

 

Reinecke, H., Minami, E., Zhu, W.Z., and Laflamme, M.A. 2008. Cardiogenic 

differentiation and transdifferentiation of progenitor cells. Circulation 

research. 103: 1058-1071. 

 



© C
OPYRIG

HT U
PM

139 
 

Reinlib L. and Field L. 2000. Cell transplantation as future therapy for 

cardiovascular disease?: A workshop of the National Heart, Lung, and 

Blood Institute. Circulation. 101: e182-e7. 

 

Robertson K.D. and Jones P.A. 2000. DNA methylation: past, present and future 

directions. Carcinogenesis. 21: 461-7. 

 

Rodda D.J., Chew J.L., Lim L.H., Loh Y.H., Wang B., Ng H.H. and Robson P. 

2005. Transcriptional regulation of nanog by OCT4 and SOX2. Journal of 

Biological Chemistry. 280: 24731-7. 

 

Roorda B.D., ter Elst A., Kamps W.A. and de Bont E.S.J.M. 2009. Bone marrow-

derived cells and tumor growth: contribution of bone marrow-derived cells 

to tumor micro-environments with special focus on mesenchymal stem 

cells. Critical reviews in oncology/hematology. 69: 187-98. 

 

Rubin H. and Coffin J. 2001. Multistage carcinogenesis in cell culture. Discussion. 

Developments in biologicals. 106: 61-7. 

 

Safwani, W. K. Z. W., Makpol, S., Sathapan, S., and Chua, K. H. 2012. 5-

Azacytidine is insufficient for cardiogenesis in human adipose-derived stem 

cells. Journal of negative results in biomedicine. 11: 3. 

 

Sakuragawa N., Enosawa S., Ishii T., Thangavel R., Tashiro T., Okuyama T. and 

Suzuki S. 2000. Human amniotic epithelial cells are promising transgene 

carriers for allogeneic cell transplantation into liver. Journal of human 

genetics. 45: 171-6. 

 

Sakuragawa N., Misawa H., Ohsugi K., Kakishita K., Ishii T., Thangavel R., 

Tohyama J., Elwan M., Yokoyama Y. and Okuda O. 1997. Evidence for 

active acetylcholine metabolism in human amniotic epithelial cells: 

applicable to intracerebral allografting for neurologic disease. Neuroscience 

letters. 232: 53-6. 

 

Sakuragawa N., Thangavel R., Mizuguchi M., Hirasawa M. and Kamo I. 1996. 

Expression of markers for both neuronal and glial cells in human amniotic 

epithelial cells. Neuroscience letters. 209: 9-12. 

 

Sakuragawa, N., Tohyama, J., and Yamamoto, H. 1995. Immunostaining of human 

amniotic epithelial cells: possible use as a transgene carrier in gene therapy 

for inborn errors of metabolism. Cell transplantation. 4: 343-346. 

 

Salehinejad, P., Alitheen, N. B., Nematollahi-Mahani, S. N., Ali, A. M., Omar, A. 

R., Janzamin, E., and Hajghani, M. 2012. Effect of culture media on 

expansion properties of human umbilical cord matrix-derived mesenchymal 

cells. Cytotherapy. 14: 948-953. 



© C
OPYRIG

HT U
PM

140 
 

Samandari-Rad, S., Aboutaleb, N., Nobakht, M., Asadi, Y., and Dashti, S. A. 2012. 

Comparison of the Transplantation Effects of Mesenchymal Stem Cells 

isolated from human Wharton's Jelly and human Bone Marrow in Rabbit 

Myocardial Infarction. Canadian Journal on Computing in Mathematics, 

Natural  Sciences, Engineering and Medicine. 3: 270-276. 

 

Sampayo-Reyes, A., Narro-Juárez, A., Saíd-Fernández, S., Lozano-Garza, H. 

G.,Vargas-Villarreal, J., Mata-Cárdenas, B. D., and Martínez- Rodríguez, 

H. G.2006. Effect of clofibric acid on desmin and vimentin contents in rat 

myocardiocytes. International journal of toxicology. 25: 403-408. 

 

Santos V.N., Leite-Mór M., Kondo M., Martins J., Nader H., Lanzoni V. and Parise 

E. 2005 Serum laminin, type IV collagen and hyaluronan as fibrosis 

markers in non-alcoholic fatty liver disease. Brazilian Journal of Medical 

and Biological Research. 38: 747-53. 

 

Sarantitis, I., Papanastasopoulos, P., Manousi, M., Baikoussis, N. G., and 

Apostolakis, E. 2012. The Cytoskeleton of the Cardiac Muscle 

Cell. Hellenic J Cardiol. 53: 367-379. 

 

Scadden, D. T. 2006. The stem-cell niche as an entity of action. Nature. 441: 1075-

1079. 

 

Scherjon S.A., Kleijburgâ€•van der Keur C., de Groot•Swings G.M.J.S., Claas 

F.H.J., Fibbe W.E. andKanhai H.H.H. 2004a. Isolation of mesenchymal 

stem cells of fetal or maternal origin from human placenta. Stem cells. 22: 

1338-45. 

 

Scherjon S.A., Kleijburgvan der Keur C., de GrootSwings G.M.J.S., Claas F.H.J., 

Fibbe W.E. and Kanhai H. H. H. 2004b. Isolation of mesenchymal stem 

cells of fetal or maternal origin from human placenta. Stem Cells. 22: 1338-

45. 

 

Scherjon S.A., Kleijburg-van der Keur C., Noort W.A., Claas F.H., Willemze R., 

Fibbe W.E. and Kanhai H.H. 2003. Amniotic fluid as a novel source of 

mesenchymal stem cells for therapeutic transplantation. Blood. 102: 1548-9. 

 

Schopperle, W. M., and DeWolf, W. C. 2007. The TRA‐1‐60 and TRA‐1‐81 

Human Pluripotent Stem Cell Markers Are Expressed on Podocalyxin in 

Embryonal Carcinoma. Stem Cells. 25: 723-730. 

 

Scobioala, S., Klocke, R., Kuhlmann, M., Tian, W., Hasib, L., Milting, H., and 

Nikol,S. 2008. Up-regulation of nestin in the infarcted myocardium 

potentially indicates differentiation of resident cardiac stem cells into 

various lineages including cardiomyocytes. The FASEB Journal. 22: 1021-

1031. 



© C
OPYRIG

HT U
PM

141 
 

Segers, V. F., and Lee, R. T. 2008. Stem-cell therapy for cardiac disease. Nature. 

451: 937-942. 

Senyo, S. E., Steinhauser, M. L., Pizzimenti, C. L., Yang, V. K., Cai, L., Wang, M., 

... and Lee, R. T. 2013. Mammalian heart renewal by pre-existing 

cardiomyocytes. Nature. 493: 433-436. 

 

Severs, N. J. 2000. The cardiac muscle cell. Bioessays. 22: 188-199. Shake J.G., 

Gruber P.J., Baumgartner W.A., Senechal G., Meyers J., Redmond J.M., 

Pittenger M.F. and Martin B.J. 2002. Mesenchymal stem cell implantation 

in a swine myocardial infarct model: engraftment and functional effects. 

The Annals of thoracic surgery. 73: 1919-26. 

 

Shamblott M.J., Axelman J., Wang S., Bugg E.M., Littlefield J.W., Donovan P.J., 

Blumenthal P.D., Huggins G.R. and Gearhart J.D. 1998. Derivation of 

pluripotent stem cells from cultured human primordial germ cells. 

Proceedings of the National Academy of Sciences. 95: 13726. 

 

Shi X., Shi W., Li Q., Song B., Wan M., Bai S. and Cao X. 2003. A glucocorticoid-

induced leucine-zipper protein, GILZ, inhibits adipogenesis of 

mesenchymal cells. EMBO reports. 4: 374-80. 

 

Shih, W., and Yamada, S. 2012. N-cadherin-mediated cell–cell adhesion promotes 

cell migration in a three-dimensional matrix. Journal of Cell Science. 125: 

3661-3670.  

 

Shim, W. S., Jiang, S., Wong, P., Tan, J., Chua, Y. L., Seng Tan, Y., and Sim, E. 

2004. Ex vivo differentiation of human adult bone marrow stem cells into 

cardiomyocyte-like cells. Biochemical and biophysical  research 

communications. 324: 481-488. 

 

Shyu K.G., Wang B.W., Hung H.F., Chang C.C. and Shih D.T.B. 2006. 

Mesenchymal stem cells are superior to angiogenic growth factor genes for 

improving myocardial performance in the mouse model of acute myocardial 

infarction. Journal of biomedical science. 13: 47-58. 

 

Simmons P.J. and Torok-Storb B. 1991. CD34 expression by stromal precursors in 

normal human adult bone marrow. Blood. 78: 2848-53. 

 

Simmons, P. J., Masinovsky, B., Longenecker, B. M., Berenson, R., Torok-Storb, 

B., and Gallatin, W. M. 1992. Vascular cell adhesion molecule-1 expressed 

by bone marrow stromal cells mediates the binding of hematopoietic 

progenitor cells. Blood. 80: 388-395. 

 

Singh, B.N. 2007. Current antiarrhythmic drugs.Journal of cardiovascular 

electrophysiology. 10: 283-301. 

 



© C
OPYRIG

HT U
PM

142 
 

Siti, F.S., Tan G.C., Chua K.H., Tan A.E., Hayati A.R. 2012. Effects of epi dermal 

growth factor on the proliferation and cell cycle regulation of cultured 

human amnio n epith elial cells. Journal of Bioscience and Bioengineering. 

114:220-227. 

 

Sivakami I, Anna M, Gary P, Euan M.W, Martin P and M. U. 2007. Stem Cells 

Derived from Human Fetal Membranes Display Multilineage 

Differentiation Potential Biology Of Reproduction. 77: 577-88. 

Smith S., Neaves W. and Teitelbaum S. (2006) Adult stem cell treatments for 

diseases. Science. 313: 439. 

 

Snir, M., Kehat, I., Gepstein, A., Coleman, R., Itskovitz-Eldor, J., Livne, E., and 

Gepstein, L. 2003. Assessment of the ultrastructural and proliferative   

properties   of   human   embryonic  stem   cell-derived   cardiomyocytes. 

           American Journal of Physiology-Heart and Circulatory Physiology. 285: 

H2355-H2363. 

 

Stadler, G., Hennerbichler, S., Lindenmair, A., Peterbauer, A., Hofer, K., Van 

Griensven, M., and Wolbank, S. 2008. Phenotypic shift of human amniotic 

epithelial cells in culture is associated with reduced osteogenic 

differentiation in vitro. Cytotherapy. 10: 743-752. 

 

Standring, S. 2008. Gray's Anatomy:   

 

Stern M. 1913. The grafting of preserved amniotic membrane to burned and 

ulcerated surfaces, substituing skin grafts. Journal of the American Medical 

Association. 60: 973-4. 

 

Stern R. 2004. Hyaluronan catabolism: a new metabolic pathway. European 

journal of cell biology. 83: 317-25. 

 

Subrahmanyam M. 1995. Amniotic membrane as a cover for microskin grafts. 

British journal of plastic surgery. 48: 477-8. 

 

Tai M.H., Chang C.C., Olson L.K. and Trosko J.E. 2005. Oct4 expression in adult 

human stem cells: evidence in support of the stem cell theory of 

carcinogenesis. Carcinogenesis. 26: 495-502. 

 

Takahashi K., Igura K., Zhang X., Mitsuru A. and Takahashi T.A. 2004. Effects of 

osteogenic induction on mesenchymal cells from fetal and maternal parts of 

human placenta. Cell transplantation. 13: 337-41. 

 

Takahashi K., Tanabe K., Ohnuki M., Narita M., Ichisaka T., Tomoda K. and 

Yamanaka S. 2007. Induction of pluripotent stem cells from adult human 

fibroblasts by defined factors. Cell. 131: 861-72. 

 



© C
OPYRIG

HT U
PM

143 
 

Takeda J., Seino S. and Bell G.I. 1992. Human Oct3 gene family: cDNA 

sequences, alternative splicing, gene organization, chromosomal location, 

and expression at low levels in adult tissues. Nucleic acids research. 20: 

4613-20. 

 

Tamagawa T., Ishiwata I. and Saito S. 2004. Establishment and characterization of 

a pluripotent stem cell line derived from human amniotic membranes and 

initiation of germ layers in vitro. Human Cell. 17: 125-30. 

 

Tanaka S., Kunath T., Hadjantonakis A.K., Nagy A. and Rossant J. 1998. 

Promotion of trophoblast stem cell proliferation by FGF4. Science. 282: 

2072-5. 

 

Taylor, S. M., and Jones, P. A. 1979. Multiple new phenotypes induced in 

10T12and 3T3 cells treated with 5-azacytidine. Cell. 17: 771-779.  

 

Taylor D.A., Atkins B.Z., Hungspreugs P., Jones T.R., Reedy M.C., Hutcheson 

K.A., Glower D.D. and Kraus W.E. 1998. Regenerating functional 

myocardium: improved performance after skeletal myoblast transplantation. 

Nature medicine4. 4: 929-33. 

 

Terada S., Matsuura K., Enosawa S., Miki M., Hoshika A., Suzuki S. and 

Sakuragawa N. 2000. Inducing proliferation of human amniotic epithelial 

(HAE) cells for cell therapy. Cell Transplantation. 9: 701. 

 

Toda A., Okabe M., Yoshida T. and Nikaido T. 2007. The potential of amniotic 

membrane/amnion-derived cells for regeneration of various tissues. Journal 

of pharmacological sciences. 105: 215-28. 

 

Toksoz D., Zsebo K.M., Smith K.A., Hu S., Brankow D., Suggs S.V., Martin F.H. 

and Williams D.A. 1992. Support of human hematopoiesis in long-term 

bone marrow cultures by murine stromal cells selectively expressing the 

membrane-bound and secreted forms of the human homolog of the steel 

gene product, stem cell factor. Proceedings of the National Academy of 

Sciences. 89:  7350. 

 

Tolar J., Nauta A.J., Osborn M.J., Panoskaltsis Mortari A., McElmurry R.T., Bell 

S., Xia L., Zhou N., Riddle M. and Schroeder T.M. 2007. Sarcoma derived 

from cultured mesenchymal stem cells. Stem cells. 25: 371-9. 

 

Toma, C., Pittenger, M.F., Cahill, K.S., Byrne, B.J., and Kessler, P.D. 2002. 

Human mesenchymal stem cells differentiate to a cardiomyocyte phenotype 

in the adult murine heart. Circulation. 105: 93-98. 

 

Tortora, G. J., and Derrickson, B. 2013. Essentials of anatomy and physiology. 

Wiley.  



© C
OPYRIG

HT U
PM

144 
 

Tosi G.M., Massaroâ Giordano M., Caporossi A. and Toti P. 2005. Amniotic 

membrane transplantation in ocular surface disorders. Journal of cellular 

physiology. 202: 849-51. 

 

Trelford JD andTrelford-Sauder M. 1979. The amnion in surgery, past and present. 

Am J Obstet Gynecol. 134: 833-45. 

 

Tremain N., Korkko J., Ibberson D., Kopen G.C., DiGirolamo C. and Phinney D.G. 

2001. MicroSAGE Analysis of 2,353 Expressed Genes in a Single Cell 

Derived Colony of Undifferentiated Human Mesenchymal Stem Cells 

Reveals mRNAs of Multiple Cell Lineages. Stem cells. 19: 408-18. 

 

Vaidya D., Tamaddon H. S., Lo C. W., Taffet S. M., Delmar M., Morley G. E., 

Jalife J. 2001. Null mutation of Connexin43 causes slow propagation of 

ventricular activation in the late stages of mouse embryonic development. 

Circ Res. 88:1196-1202. 

 

Valero, M. C., Huntsman, H. D., Liu, J., Zou, K., and Boppart, M. D. 2012. 

Eccentric exercise facilitates mesenchymal stem cell appearance in skeletal 

muscle. PloS one. 7: e29760. 

 

Vander-Velden, H. M., and Jongsma, H. J. 2002. Cardiac gap junctions and 

connexins: their role in atrial fibrillation and potential as therapeutic 

targets.Cardiovascular research. 54: 270-279. 

 

Ventura C., Cantoni S., Bianchi F., Lionetti V., Cavallini C., Scarlata I., Foroni L., 

Maioli M., Bonsi L. and Alviano F. 2007. Hyaluronan mixed esters of 

butyric and retinoic acid drive cardiac and endothelial fate in term placenta 

human mesenchymal stem cells and enhance cardiac repair in infarcted rat 

hearts. Journal of Biological Chemistry. 282: 14243-52. 

 

Vunjak-Novakovic G., Tandon N., Godier A., Maidhof R., Marsano A., Martens 

T.P. and Radisic M. 2009. Challenges in cardiac tissue engineering. Tissue 

Engineering Part B: Reviews. 16: 169-87. 

 

Wakitani S., Saito T. and Caplan A.I. 1995. Myogenic cells derived from rat bone 

marrow mesenchymal stem cells exposed to 5â€•azacytidine. Muscle and 

nerve. 18: 1417-26. 

Wang J.S., Shum-Tim D., Galipeau J., Chedrawy E., Eliopoulos N. and Chiu R.C.J. 

2000. Marrow stromal cells for cellular cardiomyoplasty: feasibility and 

potential clinical advantages. The Journal of thoracic and cardiovascular 

surgery. 120: 999-1006. 

 

Walther, G., Gekas, J., and Bertrand, O.F. 2009. Amniotic stem cells for cellular 

cardiomyoplasty: promises and premises. Catheterization and 

Cardiovascular Interventions. 73: 917-924. 



© C
OPYRIG

HT U
PM

145 
 

Ward, C. W., Prosser, B. L., & Lederer, W. J. 2014. Mechanical Stretch- Induced 

Activation of ROS/RNS Signaling in Striated Muscle. Antioxidants & redox 

signaling, 20: 929-936. 

 

Wei J.P., Zhang T.S., Kawa S., Aizawa T., Ota M., Akaike T., Kato K., Konishi I. 

and Nikaido T. 2003. Human amnion-isolated cells normalize blood 

glucose in streptozotocin-induced diabetic mice. Cell transplantation. 12: 

545-52. 

 

Weiss M.L. and Troyer D.L. 2006. Stem cells in the umbilical cord. Stem Cell 

Reviews and Reports. 2: 155-62. 

 

Westen H. and Bainton D.F. 1979. Association of alkaline-phosphatase-positive 

reticulum cells in bone marrow with granulocytic precursors. J Exp Med. 

150: 919-37. 

 

Wolbank, S., Stadler, G., Peterbauer, A., Gillich, A., Karbiener, M., Streubel, B., 

and Grillari-Voglauer, R. 2009. Telomerase immortalized human amnion-

and adipose-derived mesenchymal stem cells: maintenance of 

differentiation and immunomodulatory characteristics. Tissue Engineering 

Part A. 15: 1843-1854.  

 

Xu W., Zhang X., Qian H., Zhu W., Sun X., Hu J., Zhou H. and Chen Y. 2004.   

Mesenchymal stem cells from adult human bone marrow differentiate into a 

cardiomyocyte phenotype in vitro. Experimental biology and medicine. 229: 

623-31. 

 

Xu, C., Inokuma, M. S., Denham, J., Golds, K., Kundu, P., Gold, J. D., and 

Carpenter, M. K. 2001. Feeder-free growth of undifferentiated human 

embryonic stem  cells. Nature biotechnology. 19: 971-974 

 

Xu, W. T., Bian, Z. Y., Fan, Q. M., Li, G., & Tang, T. T. (2009). Human 

mesenchymal stem cells (hMSCs) target osteosarcoma and promote its 

growth and pulmonary metastasis. Cancer letters, 281(1), 32-41. 

 

Xue, T., Cho, H. C., Akar, F. G., Tsang, S. Y., Jones, S. P., Marbán, E., ... and Li, 

R. A. 2005. Functional integration of electrically active cardiac derivatives 

from genetically engineered human embryonic stem cells with quiescent 

recipient ventricular cardiomyocytes insights into the development of cell-

based pacemakers. Circulation. 111: 11-20. 

 

Yan, XB, Lv, AL, Xing, YJ, Wang, Li, and Zhao, Wei. 2013. Recent progress in 

the differentiation of bone marrow derived mesenchymal stem cells 

(BMMSCs) to cardiomyocyte-like cells and their clinical 

application.African Journal of Biotechnology. 9: 5042-5047.  

 



© C
OPYRIG

HT U
PM

146 
 

Yang, G., Tian, J., Feng, C., Zhao, L. L., Liu, Z., and Zhu, J. 2012. Trichostatin a 

promotes cardiomyocyte differentiation of rat mesenchymal stem cells after 

5-azacytidine induction or during coculture with neonatal cardiomyocytes 

via a mechanism independent of histone deacetylase inhibition. Cell  

transplantation. 21: 985-996. 

  

Yuspa S.H., Hennings H., Kulesz-Martin M. and Lichti U. 1982. The study of 

tumor promotion in a cell culture model for mouse skin--a tissue that 

exhibits multistage carcinogenesis In vivo. Carcinogenesis; a 

comprehensive survey. 7: 217. 

 

Zablocki, D., and Sadoshima, J. 2013. Solving the Cardiac Hypertrophy Riddle The 

Angiotensin II–Mechanical Stress Connection. Circulation research, 113: 

1192-1195. 

 

Zaehres H., Lensch M.W., Daheron L., Stewart S.A., Itskovitz-Eldor J. and Daley 

G.Q. 2005. High efficiency RNA interference in human embryonic stem 

cells. Stem Cells. 23: 299-305. 

Zappia E., Casazza S., Pedemonte E., Benvenuto F., Bonanni I., Gerdoni E., Giunti 

D., Ceravolo A., Cazzanti F. and Frassoni F. 2005. Mesenchymal stem cells 

ameliorate experimental autoimmune encephalomyelitis inducing T-cell 

anergy. Blood. 106: 1755-61. 

 

Zhang, J., Wilson, G. F., Soerens, A. G., Koonce, C. H., Yu, J., Palecek, S. P., ... 

and Kamp, T. J. 2009. Functional cardiomyocytes derived from human 

induced pluripotent stem cells. Circulation research. 104: e30-e41. 

 

Zhao P., Ise H., Hongo M., Ota M., Konishi I. and Nikaido T. 2005. Human 

amniotic mesenchymal cells have some characteristics of cardiomyocytes. 

Transplantation. 79: 528-535. 

 

Zhao Y., Wang H. and Mazzone T. 2006 Identification of stem cells from human 

umbilical cord blood with embryonic and hematopoietic characteristics. 

Experimental cell research. 312: 2454-64. 

 

Zhou, W., Wang, W., Ward, W., Li, X., Guan, X., Weiss, J., and Yan, Y. 2013. 

Characterization of neural cell differentiation potential of human amnion 

derived epithelia cells and mesenchymal stem cells. Cytotherapy. 15: S33-

S33. 

 

Zwezdaryk K.J., Coffelt S.B., Figueroa Y.G., Liu J., Phinney D.G., LaMarca H.L., 

Florez L., Morris C.B., Hoyle G.W. and Scandurro A.B. 2007. 

Erythropoietin, a hypoxia-regulated factor, elicits a pro-angiogenic program 

in human mesenchymal stem cells. Experimental hematology. 35: 640-52. 

 

 


	POTENTIAL DIFFERENTIATION OF HUMAN AMNIOTIC EPITHELIAL STEM AND MESENCHYMAL BONE MARROW CELLS INTO CARDIOMYOCYTES
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



