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Stem Cells 101
ǒSelf-renew
ǒDifferentiate



Classification

Source of Origin

Embryonic

UnipotentMultipotentAdult

Action Potential

Totipotent Pluripotent



Totipotent Stem Cell

Pluripotent Stem Cells

Multipotent Stem Cells

Cardiac           Kidney       Smooth Mm            Thyroid                    Skin                Pigment
Muscle           RBC                       Lung           Pancreas                 Nerve

D
ifferentiation

Induced 
Pluripotent 
Stem Cells

Mesoderm   Endoderm   Ectoderm

Can make: 
ǒ The embryo
ǒ Placenta
ǒ Support cells

Can generate all the 
cells of the body

MSC
HSC

Committed 
to a cell 

line





Adult Stem Cells

Post Partum Birth 
Tissues

Adipose TissueBone Marrow
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Bone Marrow Aspiration & Concentration - BMAC

FDA Approved

PROS:  
ǒAutologous

CONS:  
ǒpainful
ǒtime consuming
ǒrisk of infection
ǒmainly HSCs



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjjmLeEw4LhAhWhct8KHSvQC8AQjRx6BAgBEAU&url=https://www.antiagemedical.com/stem-cell-therapy-adipose-tissue-stem-cells/&psig=AOvVaw0muFIX_PkBh3EyHAAyhbpb&ust=1552683467158878
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Adipose Stromal Vascular Fraction
Good source of older adult 
MSCs.

PROS:  
ǒAutologous

CONS:  
ǒpainful
ǒtime consuming
ǒrisk of infection
ǒpotential tumor 

promoter 



Older Adult Mesenchymal Stem Cells

ǒ More likely to have 
accumulated cellular 
damage

ǒ Less vigorous response
ǒ Require typing and 

cross matching
ǒ 1:2,000,000 (scarce)



Post Natal Adult Mesenchymal Stem Cells



ǒ Robust
ǒ Less likely to have 

genetic errors
ǒ Not the same as 

mature adult
ǒ Immune 

Priviledged
ǒ 1:10,000 (Plentiful)

Fan M.  The effect of age on the efficacy of human mesenchymal stem cell transplantation after a 
myocardial infarctation.  Rejuv Research, 2010.

Post Natal Mesenchymal Stem Cells



ǒ MSC from young individuals can undergo 
neuroectodermal differentiation in vitro, but 
MSC from elderly patients cannot

Heremann A.  Age dependent neuroectodermal 
differentiation capacity of human mesenchymal stromal 
cells:  limitations for autologous cell replacement strategies.  
Cytotherapy , 2010.

ǒ Adult MSC are exposed to a lifetime of factors, eg NSAIDS -- may inhibit 
MSC chondrogenic differentiation and disrupt endochondral bone formation.
Pountos I.  NSAIDS inhibit in vitro MSC chondrogenesis:  implications for mechanisms of bone 
formation inhibition in man.  J of Cell and Mol Medicine2011.

Post Natal Mesenchymal Stem Cells



ǒ Lifestyle affects the quality of MSCs -
animal study where mice fed a high fat diet 
had a lower endothelial differentiation 
potential in vitro vs control group.
Lamontgne V.  High-fat diets - induced metabolic alterations 
alter the differentiation potential of adipose tissue -derived 
stem cells.  Open J of Endocr & MetabolDis, 2013.

ǒ Osteogenic potential impaired in obese patients, and diminished capacity of 
adult stem cells to form a vascular network in patients with metabolic 
diseases such as DM
Roldan M.  Obesity short-circuits stemness gene network in human adipose multipotent stem cells. 
The FASEB Journal.  2011.

Rennert RC.  Diabetes impairs that angiogenic potential of adipose-derived stem cells by selectively 
depleting cellular subpopulations.  Stem Cell Research & Therapy. 2014.

Post Natal Mesenchymal Stem Cells



Measure Bone Marrow Adipose Tissue
Umbilical Cord 

Blood

Proliferative 

capacity

Growth arrest at 

pass 11-12

Growth arrest at 

pass 11-12

Growth arrest at 

pass 14-16

Growth Rate/ 

Doubling Time

Moderate Lowest Highest

Colony Forming 

Ability

Moderate Lowest Highest

Senescence 

(Passage 6)

11% 13% 0%

Anti-Inflammation Some Some Greatest

Hye JJ.  Comparative analysis of human MSC from bone marrow, adipose tissue, and umbilical cord blood 

as sources of cell therapy.   Int J Mol Sci 2013



Measure Bone Marrow Umbilical Cord Blood

Collagen Formation* 1x 3x

Mineralization in bone 

culture**

Moderate Highest

Size of chondrogenic 

pellets

Small Large

*Fong CY.  Human umbilical cord Whartonôs jelly stem cells undergo enhanced chondrogenic differentiation 

when grown in nanofibrous scaffolds and in sequential two-stage culture medium environment. Stem Cell 

Rev & Report, 2012.

**Baksh D. Comparison of proliferative and multilineage differentiation potential of human mesenchymal stem 

cells derived from umbilical cord and bone marrow stem cells, 2007.



Measure Adipose Tissue
Umbilical Cord 

Blood
Whartonô Jelly

Effect of Tumor 

Growth*

Promoted Inhibited

Apoptosis* Mild Stronger

Teratoma/Tumors Not Induced

Abrogate Solid 

tumors
Yes

*Akimoto K.  Umbilical cord blood derived MSCs inhibit, but adipose tissue-derived MSCs promote 

glioblastoma multiforme proliferation. Stem Cells & Development, 2012.

Gauthaman K.  Human umbilical cord Whartonôs jelly stem cell (hWJSC) extracts inhibit cancer cell growht in 

vitro.  J Cell Biochem, 2012.
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