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I.  Stem Cells:  Cells That  Can Self-Renew 
or Differentiate 

www.ISSCR.org

Adult stem cells

Fetal stem cells

Embryonic stem cells

II.  Human Embryonic Stem Cells: Development
and Derivation



Human Development Continues:
Developmental Programming

www.ISSCR.org



Human Embryonic Stem Cell Differentiation 

Donovan and Gearhart, 2001

R. Reijo Pera

hESC Lines Can Form All Cells of the Body: 
Somatic and Germ Cells



Human Development: A Series of Cell 
Decisions and Reduction of Potential 

From: http://www.cosbi.eu/slides
/Adam%20Wasserstrom.pdf

III. Alternatives: Reprogramming

Programming: 
The setting of cell fate during development.  A skin cell
divides to form a skin cell, a muscle cell divides to form
a second muscle cell.  

Reprogramming:  
The erasure of established cell programs and 
re-establishment (re-setting or returning) to an 
embryonic cell.

A number of variations to redirect the programs of adult 
cells to an embryonic fate:
1.  Somatic cell nuclear transfer
2.  Directed reprogramming with genetic factors



From http://www.kcchamber.com/

SCNT

Directed Reprogramming



iPSCs Express Pluripotency Markers 
(HUF2-iPSCs from Adult Parkinson’s Patient)

Nguyen et al, unpublished

iPSCs Differentiate to Both Somatic and 
Germ Cell Lineages

Nguyen et al, unpublished



HSF1+pLVGV
After 7 day BMPs diff.

2.45%VASA:GFP+

Huf2iPs+pLVGV
After 7 day BMPs diff.

6.96% VASA:GFP+

Comparable Quantitative Differentiation of 
hESCs and iPSCs to the Germ Cell Lineage

Panula et al, unpublished

Cell Explantation and “ESC-Like Cells”



IV. Stem Cells and Health

Reproductive/Fetal Health
Somatic Health

Cancer

Lack of Knowledge of Human Development
Impacts Reproductive Health

and Fetal Outcome

www.cdc.gov/art/



1896 genes
are
up- or down-
regulated

Underlying clock: Cell division or time?  
Equivalency/potency of cells?

Gene Expression During 
Reprogramming in

the Human Oocyte –
Embryo Transition

Dobson et al., 2004

Gene Expression in Single Blastomeres

Global RNA Amplification using RiboAmp
Ultra Kit from MDS Analytical Technologies

Gene-specific RNA Amplification followed 
by Fluidigm Biomark high throughput qPCR

Wong et al., unpublished



Human Embryonic Stem Cells and Somatic 
Health

Laflamme et al, 2007

From: Dalerba et al, 2007

Cancer Stem Cells



Stem Cells and Health Applications

Near-Term:  
Reproductive Health and Fetal Outcomes

Intermediate-Term:
Improvements in Understanding/Diagnosis of 
Common and Rare Disease
Improvements in Cancer Treatment

Longer-Term:
Cell Replacement Therapies for Common 
Disorders from Heart Disease and Diabetes to 
Neural Degenerative Disorders

Stanford University

Overall Summary
Embryo development encompasses reprogramming and 
programming

cell signaling
epigenetic modification
destruction of previous cell programs
transcriptional activation
translational and post-translational regulation

Differentiation is characterized by commitment of cells to fates
and a reduction in pluripotency, with the exception of the 
germ line.  hESC and iPSC differentiation of early germ 
cells is efficient, in many labs.  Maturation requires
optimization but is possible

Reprogramming:  May recapitulate early developmental 
programs or be accomplished by convergence of 
diverse pathways. Appears to be complete in human 
somatic and germ cells

The “length of the trip:” Male germline stem cells susceptible to 
reprogramming relative to some other cell types 



Major challenges

1) Directing cell decisions 
(optimized cell surfaces, molecular signals, cell interactions)

2) Analysis of single cells 
(gene expression, protein expression, epigenetic status,
cell cycle length, morphology)

3)  Diagnostics of fate
(progenitor differentiation, tumorigenesis)

……. the end of all 
our exploring will be to arrive where 

we started and know the place 
for the first time. 

TS Eliot
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