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(structural & functional unit of life)
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Cardiovascular disease (CVD)

• A leading cause of death worldwide.

• According to the WHO:

an estimate of 17.3 million people died from CVDs in 2008 and by 2030, the

number of deaths is estimated to reach almost 23.6million.

• complicated by the limited ability of the heart for self-regeneration

• Despite, the development of a wide array of treatment options, heart failure

management has failed to replace the lost cardiomyocyte mass with new

contractile cells
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• Myocardial infarction (MI, aka heart attack) occurs as a result of

cardiomyocytes death leading to loss of viable myocytes, which lack

endogenous repair mechanisms.

• If left untreated, it will lead to fibrous scar formation replacing the damaged

myocardium with subsequent congestive heart failure

• This led to the introduction of cell-based therapeutic approaches to treat the

damaged heart

Cont…
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Novel Therapies Are Much Needed

• Emergence of Stem cell

concept in 2000 for cell-based

therapies has become a very

active area of research

• This has lead to create a new

era of regenerative medicine
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Stem Cell Therapy in Cardiac 
Diseases 

Clinical studies have focused on 3 main situations

• Acute MI (with the hope of preventing LVSD)

• Chronic heart failure secondary to previous MI

• DCM (non ischemic cardiomyopthy)
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Recent clinical studies using drugs
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Recent clinical studies using 
different types of stem cells
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Cont…
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No consistent results with 
these clinical studies
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Potential mechanisms of stem cells action
in the diseased heart

• Trans-differentiation of stem cells into cardiomyocytes

• Induced growth of resident cardiomyocytes by paracrine

effects

• Stimulation of resident endogenous myocardial stem cells

• Cell fusion between transplanted cells and resident

cardiomyocytes
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Types of Stem Cells

1. Embryonic stem cells (ESCs)

2. Adult stem cells (ASCs)

• Hematopoietic stem cells (HSCs),

• Mesenchymal stem cells (MSCs),

• Endothelial progenitor cells (EPCs),

• Cardiac progenitor cells,

• Skeletal myoblasts,

• Induced pluripotent stem cells (iPSCs)
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Embryonic stem cells

• ESCs are the prototypical stem cells

• ESCs can differentiate into any cell present in the adult

organism and have the potential to completely regenerate the

myocardium

• Two major limitations that stand in the way of the

therapeutic use of ES cells are:

 Immunological rejection &

 the propensity of ES cells to form teratomas when injected

in vivo
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& Umbilical cord 
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Skeletal myoblasts

• Skeletal myoblasts are ideal cells to regenerate myocardium

• Myoblasts are resistant to ischaemia, can differentiate into

myotubes in vivo and improve ventricular function

• Experimental studies have demostrated its safety and efficacy

of skeletal myoblasts in animal models
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Endothelial progenitor cells (EPCs)

• EPCs are a subset of haematopoietic cells having potential to

differentiate into endothelial cells

• EPCs have a role in promoting angiogenesis

• EPCs also provides paracrine survival signals to

cardiomyocytes

• EPCs are readily isolated from the blood and the bone

marrow, and clinical studies suggest that cell-based therapy

with EPCs can improve myocardial function
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Hematopoietic stem cells

• Initial studies have demonstrated use of HSCs in cardiac

regeneration

• Animal studies of bone-marrow transplantation with labeled

HSCs followed by myocardial infarction revealed

cardiomyocytes derived from the transplanted cells, but at an

exceptionally low rate

• Differentiation of HSCs to cardiomyocytes is still experimental ?

WCC&IVUS2015

WCC & IVUS 2015WCC & IVUS 2015



Mesenchymal stem cells (MSCs)

• Multipotent, plastic adherent, fibroblast-like cells

• Able to differentiate into mesodermal lineage, and trans

differentiate to ectodermal and endodermal cell types

• Secrete growth factors, cytokines and chemokines with

anti-inflammatory, angiogenic properties

• Non-tumorigenic in nature

• Home/migrate to damaged/inflamed tissues

• Hypoimmunogenic in nature and can inhibit immune

responses
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Sources of MSCs isolation

• Bone Marrow: 1 in 10^5 (Beresdorf JN, 1989)

• Adipose tissue: 2 in 100 ( Fraser JK, 2004)

• Cord blood: 0-2 in 10^8 ( Bieback K, 2004)

• Wharton’s Jelly: 1 in 333 ( Sarugaser R, 2005)

• And many more…………..

WCC&IVUS2015

WCC & IVUS 2015WCC & IVUS 2015



Umbilical cord blood (UCB): 
A most appropriate source 

for MSCs 

WCC&IVUS2015

WCC & IVUS 2015WCC & IVUS 2015



WCC&IVUS2015

WCC & IVUS 2015WCC & IVUS 2015



Isolation and in vitro culture of 
MSCs from UCB

F
ic

o
ll-

p
a
q
u
e
 

d
e
n
s
it
y
 g

ra
d
ie

n
t 

s
e
p
a
ra

ti
o
n

WCC&IVUS2015

WCC & IVUS 2015WCC & IVUS 2015



MSCs characterization

Markers (+)

CD90

CD105

CD73

Markers (-)

CD34

CD45

CD14
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In vitro differentiation of UCB mesenchymal stem 

cells to cardiomyocyte lineage

• Can be differentiated using 5-Azacytidine supplemented 

with growth factors (Wu et al. 2009) 

• Morhological appearance: Flattened

• Expresses: cardiac actin, sarcomeric actinin, connexin 43

Challenge

• Shows less expression of Tropinin and myosins expression  

which is necessary for contraction
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Potential of UCB-MSCs in 
Cardiac Regeneration

Paracrine effect

Vascular regeneration

Cardiomyocyte regeneration
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Therapeutic mechanism of UCB-MSCs 
in cardiac regeneration

UCB-MSCs
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Translational applications of UCB-MSCs: 
Bench to bedside: the optimal milieu for 

cells to thrive?

• Selection of appropriate cell type

• Generation of cardiomyocyte

• Proliferation

• Integration

• Synchronized function
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A new approach for the development 
of humanized bio-artificial Heart 

using xenogenic organ scaffold 

New strategies needs 5 major components for 

recreation/reconstruction of tissues and whole organs

Three dimensional natural bioscaffolds

Intact native microvasculature

Intact native ECM (to certain extent)

Type of functional cells

Bioactive molecules
WCC&IVUS2015

WCC & IVUS 2015WCC & IVUS 2015



Decellularization & Stem cells 
Repopulation Technology

• Technology of removing cells and its components from an organ followed by

repopulation of cells within the organ scaffold has been termed as

Decellularization and Recellularization

• This technology provides

 3D-Exra cellular matrix (ECM)

 Natural organ architecture and

 Intact vascular tree
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Development of xenogenic whole 
heart scaffold
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Repopulation of whole decellularized
Heart 
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Development of decellularized whole 
bioengineered organ scaffolds
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Conclusions

• UCB is an unlimited source of stem cells from biological waste

• Collection of cord stem cells is risk free to mother and baby

• Cord blood stem cells have a greater ability to differentiate into

other cell types

• These cells have longer growth potential and have been shown to

have a greater rate of engraftment

• Cord blood stem cells are much more tolerant to HLA tissue

mismatching than bone marrow therefore leading to lower rate of

GVHD
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Future Directions

• Need to have dedicated specialized centers for preparation

and delivery of cells under one roof

• Improvement in cell delivery techniques for better

engraftment of transplanted cells

• Tools/ biomarkers for tracking of transplanted cells

• Repopulating decellularized xenogenic heart could be a

potential technology of neo-organ development
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