
Lecture 1                                                                                                    Introduction to stem cells  
 

 Stem cell is a relatively undifferentiated cell that when divides produces: (Functional definition of stem 

cells) 

 one cell that retains its undifferentiated character and remains in the niche (Self-renewal capacity) 

 Another cells that leaves the niche and undergoes one or more path of differentiation by the addition 

or removal of specific chemical factors and signals (Generation of differentiated specialised cells) 

 

Note: this process is controlled by intracellular mechanisms and the balance of different factors. When the 

balance is shifted or disrupted that might cause cancer or aging. Too much differentiation depletes the stem 

cells population and promotes the phenotype of aging and decay, while too much stem cell proliferation can 

cause cancer to arise. 

 Cell potency is the cell potential to differentiate into other cell types  

 Stem cells are classified based in the type and number of differentiated specialised cells that it can give 

rise to  

 On this basis stem cells are classified in a hierarchy as: Totipotent, pluripotent, multipotent and 

unipotent. 

 

Two main properties: 

1) Replicates to give rise to 

itself (self-renew) 

2) Generates a progenitor 

cell (or a specialized 

daughter cell) through 

differentiation to become 

specific lineage. 

 

 



 Totipotent: they have the potential to differentiate into any cell type, including more embryonic 

cells. 

 Pluripotent:  they have the potential to differentiate into most other cell types but they cannot form 

new embryo (lack the trophoblact that is critical for the blastocyst implantation in the uterus, so it can 

give rise to all the body cell types but does not maintain the growth of an embryo) 

 Multipotent: they have the potential to differentiate into several cell types, related cell types. 

 Unipotent: they produce only one cell type. (Can found in the fetus and the adult and can give rise to 

one lineage such as liver cells and cardiomyocytes)  

 

 For stem cell transplantation therapy, cells are grown in vitro and cultured in vivo 

 Different cell cultures involves: Flasks, petri dishes and wells 

 Niche is a regulatory microenvironment in provides extracellular matrices and paracrine factors that 

allow cells to remain relatively undifferentiated. It is the place in which stem cell interaction is 

regulated to balance between proliferation and differentiation 

 Different stem cells have different niches and physiological demands  

 Media is a nutrient rich solution with right PH level (indicated by phenol), specific growth factors to cell 

division and proliferation, appropriate concentration of oxygen and incubated at specific temperature. 

 These conditions are referred to as in Vitro or culture conditions and still considered artificial 

conditions 

 Stem cells can be obtained from: 

 Fetal/ embryonic tissues: Blastocyst (embryonic stem cells ESCs from the inner cell mass ICM), 

Umbilical cord blood & amniotic fluid  

 Adult: goblet cells in the small intestine, skin cells, muscle cells, neural crest cells in the brain & 

the blood (hematopoietic stem cells HSC & Mesenchymal stem cells MSC) 

 Note: most of the adult stem cells are multipotent and removing these cells from vivo to vitro could 

lead to the removal of the niche signals or reprograming by culture conditions   

 Embryonic stem cells are stem cells derived from the inner cell mass ICM of a blastocyst  

 Embryonic germ cells are derived from the primordial germ cells, which are diploid cells that have not 

reached the gonads yet (later during development these cells give rise to the gametes, sperms or egg) 

 Both the embryonic stem cells and the embryonic germ cells are positive for: Oct4, Sox2 & Nanog. Both 

are pluripotent stem cells 

 Pluripotent stem cells can give rise to cells from all the primary germ layers: Endoderm, mesoderm & 

ectoderm 

 ‘Stemness’ refers to: the common molecular processes underlying the core properties of self-renewal 

and the generation of differentiated cells 

 This is done via studying the transcriptional profile of the stem cells and trying to find the components 

that are shared among all types of stem cells  

 transcriptional profiling is the RNA transcripts found in the cells cytoplasm  

 There are some genetic characteristics specific to and shared by all stem cells or a molecular signature 

or fingerprint that could be used as a molecular definition 

 



Transcriptional profiling has led to the suggestion that stem cells share: 

 An ability to sense a broad range of signals (extrinsic signals) 

 Intrinsic 
1. Possess signal transduction pathways for these signals 
2. Have specialised cell cycles 
3. Have high level telomerase activity 
4. Are capable of remodeling chromatin 
5. Are resistant to stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lecture 2                                                           Early development and Pluripotent stem cells 

 

 During each menstrual cycle one egg is ovulated after growing in a follicle and being released into the 

fallopian tube where fertilization can take place 

 if fertilization take place the two pro-nuclei fuse together to form the first diploid cell, the zygote 

 rapid rounds of cleavage (cell division without the growth phase and the daughter cells become smaller 

with each round of division) lead to the formation of a morula (8 cell stage) 

 during the compaction stage, the cells start to develop adhesion molecules and become closely packaged  

 then 6-7 days post fertilization as the cells move down the fallopian tube, they develop into a blastocyst 

 the blastocyst consist of: 

 Trophoblast: invade the uterine wall and develop into placenta 

 Inner cell mass ICM: consist of 10-12 cells and develop into embryo later on 

 blastocoel cavity: Fluid-filled space  

 after implantation gastrulation take place, in which the ICM divides into epiblast and hypoblast (also called 

primitive endoderm) 

 gastrulation involves radical rearrangement of the cells to form the three primary germ layers  

 the migrating epiblast cells form the primitive streak  

 a population of the migrating epiblast cells get in between the hypoblast to become part of the endoderm 

& another population get in the space between the hypoblast and the epiblast to form the mesoderm  

 the epiblast cells that do not migrate form the ectoderm  

 at the end of gastrulation the formation of the three primary germ layers is completed and the body plan 

and position in space is established (anterior-posterior, dorsal-ventral, left-right) 

Functional test for testing the pluripotency of stem cells 

 In vitro 

 spontaneous differentiation in vitro into the derivative of the 3 primary germ layers  

 least stringent test 

 does not test for functionality  

 changes in culture conditions or stress may induce differentiation  

 

 In vivo: using immunocompromised mice to form a teratoma  

 injecting the test cells under the cells of skin or kidney of an immune-deficient mouse 

 wait until a massive mass of cells/ tumor is formed 

 investigate the derivatives of all the three primary germ layers  

 spontaneous differentiation  

 exposure to signals in the new environment can induce differentiation 

 second less stringent test  

 does not test for normal development as it is an abnormal environment   

 In vivo: generating a chimera (testing germline chimerism) 



 injecting the test cells into a blastocyst and transplanting it into the uterine wall of a surrogate 

mother  

 if the cells were pluripotent, they would contribute to all the organs and tissues of the resulting 

animal (chimera)  

 Can test for germline competency following crosses  

 hopefully the cells would also contribute to the gonads and give rise to gametes (sperms and eggs) 

to achieve germ line transition, so that when the chimera are interbred/ crossed together they can 

give rise to an organism in which all of its cells originated from the test cells 

 However, this test does not test for any epigenetic defects that can affect normal development  

 In vivo: tetraploids complementation  

 creating a 4n embryo which can reach the blastocyst stage (but cannot undergo further 

development) 

 injecting the test cells in the tetraploid 4n blastocyst  

 all of the cell giving rise to the embryo are the injected cells, as the placenta consists of the 4n 

cells and cannot contribute to the somatic lineages 

 can test for germline competency  

 most stringent test 

How to generate a tetraploid blastocyst? 

 injection of 2n nucleus into a zygote 

 induce the fusion of 2n blastomeres 

 duplicate the genome without cell division by inhibiting cleavage/ cytokinesis  

 Note: syncytiotrophoblast cells of the placenta are multinucleated, that’s why the inner cell mass of the 4n 

blastocyst does not progress into an embryo as it has to consist of 2n/ diploid cells 

 feeder layer: a population of connective tissue cells that are used to nourish cultured tissue cells in a 

laboratory by providing metabolites. usually derived from fibroblasts and their growth is inhibited by 

gamma radiation to become mitotically inactivated  

Characteristics of Mouse ES cells Vs. Human ES cells 

Characteristics of Mouse Embryonic Stem cells 

o morphology: dome shaped epithelial colonies  

o maintain normal karyotype  

o express cell surface markers: AP Alkaline Phosphate & SSEA-1 stage specific embryonic antigen 1 

o also express: Oct4, Sox2 & Nanog 

o Conventional culture: fibroblast feeder layer and serum 

o Non-conventional culture: LIF Leukemia inhibitory factor (replaces the feeder layer) & BMP Bone 

morphogenic protein (replaces the serum) 

o can be passage as single cells by treating with specific enzymes (check CAL 1 notes for more details 

about cell passage) 

Characteristics of Human Embryonic Stem cells 



o morphology: flat shaped colonies  

o maintain normal karyotype  

o express cell surface markers: SSEA-4 stage specific embryonic antigen 4 & hTRA-1 

o also express: Oct4, Sox2 & Nanog 

o Conventional culture: fibroblast feeder layer and serum 

o Non-conventional culture: Activin & FGF2 growth factor 

o cannot be passaged as single cells and colonies must be mechanically broken into smaller clump of 

cells  

o Can be only obtained from surplus IVF embryo, which is the only way to derive human ES cells 

 


