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HumBio 157
The Biology of Stem Cells
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Early Embryo Development

Wong et al. 2010 Nat. Biotech. 28; 115-1121

http://www.ncbi.nlm.nih.gov/pubmed/20890283
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Differentiation of Human Tissues
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Embryonic Stem Cell Cultures

Courtesy Paul BergJames A. Thomson, Science 282, 1145 (1998)

http://www.ncbi.nlm.nih.gov/pubmed/9804556
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Basic Problems of Stem Cell Therapy

• HOW TO DIRECT DIFFERENTIATION OF CELLS DOWN
SPECIFIC PATHWAYS?
e.g. all into muscle or all into nerve; different  “cocktails”
of growth  factors

• HOW TO OVERCOME IMMUNE  REJECTION?
e.g. alter histocompatibility genes; therapeutic cloning for
“customized”  lines

• HOW TO MAKE AN ORGAN?
e.g. combine  different cell types in three dimensional 
arrangements.

Courtesy Paul Berg
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Methods to Generate
Pluripotent Stem Cells

Yamanaka. (2007) Cell Stem Cell Vol 1, pp 39-49.

Defined Transcription Factors

http://www.ncbi.nlm.nih.gov/pubmed/18371333?dopt=Citation
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Nanog-Mediated Enhancement of
Reprogramming by Fusion

Yamanaka. (2007) Cell Stem Cell Vol 1, pp 39-49.

http://www.ncbi.nlm.nih.gov/pubmed/18371333?dopt=Citation
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Five Transcription Factors Needed to 
Maintain Pluripotency

Yamanaka. (2007) Cell Stem Cell Vol 1, pp 39-49.

http://www.ncbi.nlm.nih.gov/pubmed/18371333?dopt=Citation
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Induction of Pluripotent Stem Cells (iPS)
from Somatic Stem Cells

Yamanaka. (2007) Cell Stem Cell Vol 1, pp 39-49.

http://www.ncbi.nlm.nih.gov/pubmed/18371333?dopt=Citation
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Adipose Tissue Provides iPSC Effciently

Sun et al, Proc Natl Acad Sci U S A. 2009 Sep 15;106(37):15720-5.

http://www.ncbi.nlm.nih.gov/pubmed/19805220?dopt=Citation
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Using CRE – Recombinase to Remove Viral
Transforming DNA from iPSCs

Soldner et al. Cell. 2009 Mar 6;136(5):964-77.

http://www.ncbi.nlm.nih.gov/pubmed/19269371?dopt=Citation
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Cre-Lox Recombination to
Remove Viral DNA
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Inducing iPSCs using
Transcription Factor Proteins
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We recently showed that def ined sets of transcription factors are suff icient to convert mouse and human f ibroblasts 

directly into cells resembling functional neurons, referred to as “induced neu- ronal” (iN) cells. For some 

applications however, it would be de- sirable to convert f ibroblasts into proliferative neural precursor cells (NPCs) 

instead of neurons. We hypothesized that NPC-like cells may be induced using the same principal approach used 

for generating iN cells. Toward this goal, we infected mouse embry- onic f ibroblasts derived from Sox2-EGFP 

mice with a set of 11 transcription factors highly expressed in NPCs. Twenty-four days after transgene induction, 

Sox2-EGFP+ colonies emerged that expressed NPC-specif ic genes and differentiated into neuronal and astrocytic 

cells. Using stepwise elimination, we found that Sox2 and FoxG1 are capable of generating clonal self-renewing, 

bipotent induced NPCs that gave rise to astrocytes and functional neurons. When we added the Pou and 

Homeobox domain-contain- ing transcription factor Brn2 to Sox2 and FoxG1, we were able to induce tripotent 

NPCs that could be differentiated not only into neurons and astrocytes but also into oligodendrocytes. The tran- 

scription factors FoxG1 and Brn2 alone also were capable of in- ducing NPC-like cells; however, these cells 

generated less mature neurons, although they did produce astrocytes and even oligoden- drocytes capable of 

integration into dysmyelinated Shiverer brain. Our data demonstrate that direct lineage reprogramming using 

target cell-type–specif ic transcription factors can be used to induce NPC-like cells that potentially could be used 

for autologous cell transplantation-based therapies in the brain or spinal cord.
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Direct Cell Reprogramming in vivo & in vitro
http://www.the-scientist.com/?articles.view/articleNo/39241/title/A-Twist-of-Fate/

http://www.the-scientist.com/?articles.view/articleNo/39241/title/A-Twist-of-Fate/

http://www.the-scientist.com/?articles.view/articleNo/39241/title/A-Twist-of-Fate/
http://www.the-scientist.com/?articles.view/articleNo/39241/title/A-Twist-of-Fate/
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Alternate Stem Cell Fates

Embryonic
Stem Cells

Adult
Stem Cells

Adult
Stem Cells

Courtesy of Minx Fuller
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signals from niches maintain
adult stem cells and tissues

Courtesy of Roel Nusse
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In the absence of niche signals,
adult stem cells will differentiate, by default

1. Self-renewal is proliferation coupled to blocking
differentiation, controlled by signals. 
2.Signals are local; niches have a limited capacity and
cells compete for the signals
3. The signals control tissue homeostasis, also after
damage

Courtesy of Roel Nusse
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Drosophila Oocyte Stem Cells

Li and Xie, Ann. Rev. Dev. Biol. 2005, 605-663

http://www.ncbi.nlm.nih.gov/pubmed/16212509?dopt=Citation
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Cell-Cell Interactions at Oocyte Niche

Li and Xie, Ann. Rev. Dev. Biol. 2005, 605-663

http://www.ncbi.nlm.nih.gov/pubmed/16212509?dopt=Citation


© Doug Brutlag 2015

Drosophila Spermatogonial Niche

Li and Xie, Ann. Rev. Dev. Biol. 2005, 605-663

http://www.ncbi.nlm.nih.gov/pubmed/16212509?dopt=Citation


© Doug Brutlag 2015

Cell-Cell Interactions at the Spermatogonial
Niche

Li and Xie, Ann. Rev. Dev. Biol. 2005, 605-663

http://www.ncbi.nlm.nih.gov/pubmed/16212509?dopt=Citation
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Summary of Stem Cell Niche Signals

Copyright © 2008 Pathological Society of Great Britain and Ireland. 
Published by John Wiley & Sons, Ltd.
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Hair Follicle Niche

Li and Xie, Ann. Rev. Dev. Biol. 2005, 605-663

http://www.ncbi.nlm.nih.gov/pubmed/16212509?dopt=Citation
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Intestinal Stem Cells in Crypts
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Rainbow Villi
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Extrinsic
factor(s)

Niche

Asymmetric stem cell divisions

Nguyen (2007) Genomics & Medicine
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John Cairns: The Immortal Parental Strands

Cairns (1975) Nature 255, 197

http://www.ncbi.nlm.nih.gov/pubmed/1143315?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/1143315?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/1143315?dopt=Citation
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Motivation for Asymmetric Strand Segregation

• Adult rat contains 6x1010 cells
• In its small intestine, a rat sheds over 1013 

epithelial cells during its lifetime.
• Requires 103 symmetric cell doublings from

embryo to adult followed by 1013 asymmetric
cell doublings during its lifetime

• How do epithelial cells minimize mutations
that lead to cancer?

Cairns (1975) Nature 255, 197

http://www.ncbi.nlm.nih.gov/pubmed/1143315?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/1143315?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/1143315?dopt=Citation
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Asymmetric Segregation of
Parental DNA Strands

Rando (2007) Cell 129 1239

http://www.ncbi.nlm.nih.gov/pubmed/17604710?dopt=Citation
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Asymmetric Stem Cell Growth with
Asymmetric Parental Strand Segregation

Rando (2007) Cell 129 1239

http://www.ncbi.nlm.nih.gov/pubmed/17604710?dopt=Citation
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Asymmetric DNA Labeling Patterns

Rando (2007) Cell 129 1239

http://www.ncbi.nlm.nih.gov/pubmed/17604710?dopt=Citation
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Duplicating Muscle Cell Pairs Display
Asymmetric DNA Labeling Patterns

Conboy et al, PLOS Biology (2007)

http://www.ncbi.nlm.nih.gov/pubmed/17439301?dopt=Citation
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Asymmetric Stem Cell Growth with
Asymmetric Parental Strand Segregation

Rando (2007) Cell 129 1239

http://www.ncbi.nlm.nih.gov/pubmed/17604710?dopt=Citation
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Wnt signaling
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Courtesy of Roel Nusse
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Wnt Signaling Pathway

© BioCarta  
    

http://www.biocarta.com/pathfiles/h_wntPathway.asp
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Jak Stat Pathway
http://www.biocarta.com/pathfles/h_stat3Pathway.asp

© BioCarta  
    

http://www.biocarta.com/pathfiles/h_stat3Pathway.asp
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The primary cilium: A specialized
compartment for signal transduction 
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Rosenbaum and Witman, Nature Reviews Mol Cell Biol (2002)
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Cilia as sensors for Shh: Shh binds to its receptor 
Patched1 at primary cilia in live cells
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Smo moves to cilia and when the Hedgehog 
pathway is activated
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Smo activates downstream
signaling components in cilia
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Smo as a model for signal-regulated protein transport
at primary cilia

Smo Cilia Nucleus

+Shh
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Models for ciliary protein transport
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Induction of Apoptosis via DR3 and DR4/5 Death Receptors
http://www.biocarta.com/pathfiles/h_deathPathway.asp

http://www.biocarta.com/pathfiles/h_deathPathway.asp
http://www.biocarta.com/
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Direct versus indirect Cell Reprogramming
http://www.the-scientist.com/?articles.view/articleNo/39241/title/A-Twist-of-Fate/
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