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 Self renewability  ability to divide themselves 
rapidly & continuously and create new SCs & 
progenitors more differentiated than mother cells. 

 High plasticity complex ability to cross 
lineage barriers & adopt expression profile & 
functional phenotypes of cells that are typical of 
other tissues. 
 
 

 

Definition 



 Body ~200 different kinds of specialised cells: muscle 
cells, nerve cells, fat cells & skin cells. 

 All cells in body come from stem cells. 

 Stem cell cell that is not yet specialised. 

 Process of specialisation  differentiation. 

 Once differentiation pathway of a stem cell has been 
decided no longer become another cell type  

Definition 



Symmetric Cell Division 



1. Self-renews  

2. Differentiates 

Progenitor cell 

Stem cell 

Stem cell 

Asymmetric Cell Division 



 SELF – RENEWAL  



1. Totipotent : Morula 
2. Pluripotent : Embryonic Stem Cells (ESCs) 
3. Multipotent : Adult Stem Cells (ASCs) 

 
 
 

 

Types  



Development of Embryo  & Stem Cells 



This cell 
Can form the  

Embryo and placenta 

This cell 
Can just form the 

embryo 

Fully mature  

Types  



Factors known to affect stem cells 
 

 Low stress levels 

 Regular exercise 

 Enriching experiences 

 Learning new information 

 Healthy diets:  rich in antioxidants 

 Avoid excessive drinking 

 



All cells in a person share the same genotype 

Yet eye cells differ from nose cells 

Central dogma of biology 

 

 

RNA 

Protein 

 Cell 
type 

Niche 
factors 

DNA 

Genetic  
engineering 

Tissue 
therapy 

How do cells know what to become? 



1. Adult Stem Cells (ADCs) 
2. Embryonic Stem Cells (ESCs) 
3. Fetal Stem Cells (FSCs) 

 
 

 

Types – Physiological Point of View 



 A zygote is the initial cell originating when a new 
organism is produced by means of sexual 
reproduction 

 Capable of a self-renewal and differentiation into 
cells of all tissue lineages, but not into embryonic 
annexes as such zygote. 
 
 
 

 

Embryonic Stem Cells (ESCs) 



8-cell blastocyst fertilised 
egg 

 

2-cell egg 

Day 0 Day 1 Day 2 Day 3 Day 6 

•  Donated excess IVF embryos 
 

Images from www.advancedfertility.com 
 

Where do embryonic stem cells come from? 

Inner cell mass 



Embryonic stem cells 

 Derived from donated IVF 
embryos  

 Can be grown indefinitely in the 
laboratory  in an unspecialised 
state 

 Retain ability to specialise into 
many different tissue types – 
know as pluripotent 

 Can restore function in animal 
models following 
transplantation  

Human embryonic stem cells can become any cell 
in the body including these beating heart cells 

human embryonic stem cells 



 Multipotent cells with the same functional 
properties of ASCs, but they locate in the fetal 
tissue & embryonic annexes. 

 Haemopoietic: blood, liver, bone marrow (BM) 
 Mesenchymal: blood, liver, BM, lung, kidney & 

pancreas 
 Endothelial: BM & placenta  
 Epithelial: liver & pancreas 
 Neural: brain & spinal cord 

 
 
 
 

 

Fetal Stem Cells (FSCs) 



 Days 7-14: Uterine implantation 
 Day 14 : Three distinct layers begin to form 

    (no more pluripotent stem cells) 
 Days 14-21: Beginning of future nervous system 
 Days 21-24: Beginning of future face, neck,  

        mouth, and nose 
 Weeks 3-8: Beginning of organ formation  
 Week 5-8+: Now it’s called a fetus 

Fetus 



 ASCs originate during ontogenesis & remain in a 
marginal area in a quiescent state as the local 
stimuli induce their cycle recruitment & migration.  

 Niche microenvironment, physical contact & 
chemical dialogue among SCs, stromal cells & 
matrix  ASCs differentiation and self renewal. 

 Plasticity & easy extraction  haematopoetic stem 
cells (HSCs), adipose tissue derived stromal cells 
(ADSCs) & mesenchymal stem cells (MSCs) 

 
 
 

 

Adult Stem Cells (ASCs) 



 ASCs are partially committed SCs localized in 
specific stromal niches.  

 Mesodermal tissues: BM, muscle, adipose tissue, 
synovium & periosteum. 

 Endodermal tissues: intestine 
 Ectodermal tissues: skin, deciduous teeth & nerve 

tissue.  
 
 

 

Adult Stem Cells (FSCs) 



Tissue stem cells 

• Adult stem cells 

• Including stem cells isolated from fetal and cord blood 

• Reside in most tissues of the body where they are involved in repair and 
replacement 

• Generally very difficult to isolate 

• Already used to treat patients (haematological malignancies, diseases of 
the immune system) 

 

Bone marrow Kidney Lung 



 Well-characterized cells of mesodermal 
prevalently from BM, near endosteal bone surface 
& sinusoidal endothelium & peripheral blood. 

 Generate all mature blood cell types of the 
hematolymphatic system. 

 Identification & isolation of HSCs  CD34, 
distinguishes SCs from other hematopoietic cells. 

 Base of BM transplant procedures, i.e. 
myeloablation or adjuvant therapy where HSCs 
are infused in the recipient 
 

 

Haematopoetic Stem Cells (HSCs) 



 Originally derive from BM, but have been isolated 
from other tissues adipose tissue, periosteum, 
synovial membrane, synovial fluid (SF), muscle, 
dermis, deciduous teeth, pericytes, trabecular 
bone, infrapatellar fat pad, & articular cartilage 

 They are generally restricted to forming only 
mesodermal specific cell types adipocytes, 
osteoblasts, myocytes & chondrocytes. 
 

 

Mesenchymal Stem Cells (MSCs) 



 Umbilical cord  2 SC: umbilical cord epithelium 
(UCE), derived from the amniotic membrane 
epithelium, & umbilical cord blood (UCB).  

 UCE is an important source of the human primary 
keratinocytes and it is able to recreate the 
epidermis for dermatological application.  

 UCB 2 SCs: hematopoietic (UC-HS) & 
mesenchymal (UC-MS).  

 UCB SCs biologically analogous to their adult 
counterpart, but higher immunological tolerance. 
 

 

Umbilical Cord Stem Cells 



Induced Pluripotent Stem (iPS) Cells 
Genetically engineering new stem cells 

Skin cells iPS cells 



Recreating Pluripotency 



Induced Pluripotent Stem (iPS) Cells 
Genetically engineering new stem cells 

Skin cells iPS cells 



 Risk HSC transplantation (HSCT) respiratory 
complications & graft versus host disease (GVHD) 

 Hepatic veno-occlusive disease (VOD)  small 
hepatic veins are blocked by cells  complication 
of high-dose chemotherapy given before a BM 
transplant weight gain, due to fluid retention, 
increased liver size, and raised levels of bilirubin 
in the blood (children >>>) 
 

 

Risk to Stem Cells Application into Clinical Practice 



 Compatibility between recipient & graft 
 Immunorejection, by passed if autogenous cells 

are available 
 ESCs genetic instability & imprinting genes 

dysregulation.  
 ESCs transplantation rodents  higher risk 

malignant transformations (teratomas).  
 ESCs graft preceded by accurate functional 

characterization to distinguish transformed & 
potentially oncogenic clones & normal cells 

 

Obstacles to Stem Cells Application into Clinical Practice 



 Autoimmune diseases: rheumatoid arthritis, 
juvenile idiopathic arthritis, multiple sclerosis, 
Chron’s disease (autologous HSCs transplantation 
/AHSCT. 

 Diabetes mellitus 
 Neurological disorders: amyotrophic lateral 

sclerosis, Parkinson’s disease, spinal cord injury 
 Cancer: breast cancer, leukemia 
 

Possible Clinical Uses 



Translational – Clinical Trial 



Phase I-II Clinical Trial 



Areas of community concern 

 How come there are excess IVF embryos? 

 Why do the embryos have to be destroyed for stem cell 
research? Isn’t this the same as taking a life? 

 Wouldn’t it be better to donate the excess IVF embryos to other 
infertile couples? 

 Could women be forced to sell eggs or embryos for research? 

 Won’t doing therapeutic cloning lead to cloning humans? 

 Why do we need to keep using embryos in research when we 
have new iPS cells? 

Australia has clear rules that allow embryos to be used in research under 
strict conditions. 
All research whether it involved embryonic, adult, cord, fetal, iPS stem cells 
must have special ethics approval before research can start. 



 SCs transplantation in human patients must ensure 
safety and therapeutic efficacy. 

 Preclinical testing in animal models, whenever 
feasible important for SC based approaches 
because SCs can act through multiple mechanisms. 

 Preclinical assays including animal models 
limited insight into how transplanted human cells 
will behave in human recipients. 

 

Guidelines 



 SCs  self-renewal, high plasticity, differentiates 
 SCs types  totipotent, pluripotent & multipotent 
 ASCs, FSCs, ESCs 
 It is possible to apply SCs into clinical uses with 

certain guidelines & awareness 
 There are risks & obstacles to use SCs into clinical 

practices 
 

Conclusions 
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