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Stem Cells: a hierarchy of potential

Totipotent - fertilized oocyte

Pluripotent - capable of forming many cell types,

contributing to all 3 germ layers

Multipotent - gives rise to a limited number of

cell types

Unipotent - gives rise to a single cell type



““The bank will hold stem cell linesThe bank will hold stem cell lines

derived originally from embryonic,derived originally from embryonic,

foetal and adult tissuesfoetal and adult tissues””



Differentiation
Pluripotent

embryonic
stem cells



‘Therapeutic cloning’







Stem cells for the broken

heart
• Embryonic stem cells (ECs)

• Skeletal Myoblasts

• Endothelial Progenitor Cells (EPCs)

• Mesenchymal Stem Cells (MSCs)

• Haematopoietic Stem Cells (HSCs)

• Cardiac Stem Cells (CSCs)

• What cell to use?



Morphology
Immunohistochemistry



ES cells: In vivo

• A Behfar et al, Ann N Y Acad Sci, May

2005 1049:189-198.

• mES cells used to repair MI in rats

• Conclusion: ES cells useful and

effective promoting sustained repair



A Behfar et al, Ann N Y Acad Sci, May 2005 1049:189-198.



ES Cells - problems

• Transmit Infection (HIV, Hepatitis)

• Tumorigenic potential

• Cultured under non-GMP conditions

– Xenoproducts

• Immunology (Allogenic)

• Ethical



LIF/MEF

Embryoid
Body

Spontaneous
myocyte formation

ES cell Avoiding Tumours

Mol Med 2000;6:88-95PNAS 2000;97:11307-11312



Differentiation

Cardiomyocyte
Non-myocyte Cell
Lines

Gene Transfer



Digestion Percoll-Gradient

FACS



Xenoproducts

• R Passier et al

• Increased cardiomyocyte differentiation

from human embryonic stem cells in

serum-free cultures.

• Stem Cells 2005, 23(6): p772

• Xu C et al

• Feeder-free growth of un-differentiated

human embryonic stem cells.

• Nat. Biotechnol 2001, 19: p971



The Allogenic Problem

• Somatic cell nuclear transfer (SCNT)

• Therapeutic cloning

• Adult cell nucleus from the recipient into

an enucleated oocyte

• Generates pluripotent ES cells

• Shown to form cardiomyocytes in vitro

and in vivo

Genesis 2000,28:156 Nat Biotech 2002;20:689 NEJM 2003,349:275



Sources of adult

stem cells

for regenerative

medicine



Human Stem Cells for Therapeutic Use

““50 - 100 million50 - 100 million

stem cells per halfstem cells per half

pound of fatpound of fat””

Can differentiate intoCan differentiate into

fat, bone and cartilagefat, bone and cartilage

For: soft tissueFor: soft tissue

cosmesiscosmesis,,

haematopoietichaematopoietic

support, bone repair,support, bone repair,

CNS injury repairCNS injury repair



NeuronesNeurones

HepatocytesHepatocytes

TeratomasTeratomas





Mitchell, et al.   Stem Cells 2003;21:50-60

We have identified an easily attainable source of

primitive, potentially multipotent stem cells from

Wharton’s jelly, the matrix of umbilical cord.



Wharton’s Jelly

a soft connective tissue that occurs in the umbilical cord and consists of

large stellate fibroblasts and a few wandering cells and macrophages

embedded in a homogeneous jelly-like intercellular substance

Thomas Wharton:

Adenographia: sive glandularum totius corporis descriptio.

London, 1656, pp. 243-244.



Mitchell, et al.   Stem Cells 2003;21:50-60

After 3 days the neuron-like cells in these cultures stained

positively for several neuronal proteins, including neuron-
specific class III -tubulin, neurofilament M, an axonal growth

cone-associated protein, and tyrosine hydroxylase.

Note the multiple

neurites with primary

and secondary

processes

(arrows).



“Retrodifferentiation”



Sunday Times 1.2.04



CR3/43 (Dako)



Organ-specific stem cells



TRANSIT AMPLIFYING

Limited self-renewal

S

TA

*

Probability of self-renewal = 0.5

Low level of proliferation

High clonogenicity

TA TA

TATA TATA

Rapidly cycling

Low clonogenicity

Some specialisation

Adult tissue-specific stem cells

TDTD TDTD TDTD
TERMINALLY DIFFERENTIATED

Reproductive sterility

Highly specialised

Cell Death

TDTDTDTD



Adult tissue-specific stem cells: small intestine

Stem Cell

Differentiated ProgenyDifferentiated Progeny





Normal epithelial cells: in vitro colonies can be classified 
by properties of the founder cells and by their abilities to be
passaged further (Barrandon and Green).

Holoclones      Meroclones   Paraclones
(Stem)      (Amplifying)   (Differentiating)

Expansive growth      Growth   Little growth

Large and smooth           Wrinkled    Small and  irregular
(30%)      (50%)   (20%)

CA1

Malignant epithelial cells: patterns of colony morphology are 

found similar to those of normal epithelia.



Adult Stem Cell PropertiesAdult Stem Cell Properties

Self-renewal

Multilineage differentiation

Relatively undifferentiated

Have immortal template DNA strands (LRCs)?

Slow cycling, but clonogenic



Slowly cycling



Slowly cycling - so label retaining





BrdU LRC

Keratin 14

2 days post-BrdU 140 days post-BrdU

HF IFE

SG

Mouse tail - courtesy of Dr Kristen Braun





Properties of Hoechstlow LRTCs







GFAP Ki-67



Approaches to the expansion of adult stem cells

1. Growth factor supplementation

Add GFs

Explanted cells
Expanded ASCs
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CyclinD/

Cdk4
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Trilineage potential in vitro

Are clonogenic



The biology of cholangiocytes (in humans)

  Potential stem cell compartment

(oval cells/hepatic progenitor cells)

CK19





           CK 7: progenitor cells/intermediate

              hepatocytes in regeneration



SC

TACSC

Asymmetric cell division





Centrosomin mutant



Drosophila Drosophila neuroblastsneuroblasts



ThereThere’’s no place like home: the stem cell niches no place like home: the stem cell niche



Approaches to the expansion of adult stem cells

2. Suppression of asymmetric cell kinetics (SACK)

Shift to symmetrical

self-renewal

Asymmetric self-

renewal



SACK reversion



p53 off

p53 on

SACK agents

IMP

XMP

GMP

rGNPs (guanine ribonucleotides)

IMPDH

p53 Hypoxanthine

Xanthine

Xanthosine

Adapted from Pare and Sherley. Biological principles for ex vivo adult stem cell expansion.

Current Topics in Developmental Biology 2006; 73: 141-171



Markers?Markers?



Cytoprotection



Survival kit:

• ABC Transporter proteins

• Aldehyde Dehydrogenase activity (ALDH)

• Low Cytochrome P450 activity



The side population (SP)





Adhesion



6 CD71dim

• 2-5% of CK14+ basal cells
• blast-like morphology
• lack CK10
• regenerates full thickness epidermis

6 (partners 4 in binding to laminin)
CD71 (transferrin receptor)
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CSC

CSC

CSC Drug that kills most tumour

cells but spares CSCs
Drug that kills CSCs

Tumour shrinks -

temporary remission

The cancer grows back

Tumour shrinks - no

ability to self-renew

 Cure



Bone Marrow hosts multipotent stem cells

Stem Cell Plasticity -

challenges traditional

views of lineage

commitment

EPC

MSC

HSC

Haematopoietic Stem Cells

Mesenchymal Stem Cells

Endothelial Progenitor Cells

 and what else?



Stem cell plasticity: the big issuesStem cell plasticity: the big issues

•• Real Real

•• Reproducible Reproducible

•• Fusion Fusion

•• Function Function

••  ClonogenicClonogenic??











Matrigel Matrigel + FGF4 + HGF+ FGF4 + HGF

CK18CK18

AlbuminAlbumin






