
Check Against Delivery . 
Embargoed until 11:30 AM, 6 November 2010 

Translating Stem Cell Biology into Regenerative Med icine and Novel Cancer Therapies

by Irving Weissman
Stanford University, Palo Alto, USA

Session 10, Keynote Lecture
Our Common Future, Essen, November 6th, 2010

Our Common Future, Hannover/Essen, 2-6 November 201 0 (www.ourcommonfuture.de ) 



����������	
���

����
�����	�
����


��	���������
��������
���

�����
������
���������

• Three types of stem cells
• Adult organ or tissues stem cells
• Pluripotent stem cells:embryonic and iPS
• Cancer and leukemia stem cells



Adult (tissue) stem cells are useful 
in tissue and organ regeneration:

• Blood-forming stem cells to regenerate 
blood and immune systems.

• Brain-forming stem cells to regenerate 
neuroprotective potential in brain.neuroprotective potential in brain.

• Skin-forming stem cells/burns.
• Skeletal muscle stem cells for muscular 

dystrophies.
• Mesenchymal cell cultures make scar, fat, 

bone and cartilage; not any other tissues.



Blood -Forming Stem Cells

Ludwig Center at                                                                                  Stanford University



Self-Donor Transplant

Donor / Recipient

Donor / Recipient

TREAT PATIENT TO KILL CANCER CELLS
AND THIS KILLS BLOOD-FORMING CELLS

RADIATION EXPOSURE OR CANCER THERAPY

Cancer cells

Purified Stem Cells

Cancer free blood 
regeneration

Classified by FDA as unmanipulated
grafts

SyStemix/Novartis/Cellerant: IW was a Director and consultant

Cancer-free

The product is the cells, not drugs that act on the  cells
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Healthy Donor Transplant
Healthy Donor

Recipient Recipient

T cells

• Donor blood-forming and 
immune system 

• Reverse autoimmune 
disease (e.g. diabetes 1, 
lupus, EAE)

• Induce permanent 
transplant tolerance

MPB or bone 
marrow

Pure 
stem cells

• Dependent on 
Immunosuppressants

• Risk of Infections 
(fungus, bacteria)

Recipient Recipient

Graft vs Host Disease Healthy

RADIATION DAMAGE OR THERAPY



Do blood stem cell transplanted chimeric 
mice demonstrate donor specific tolerance?

Neonatal Heart Donors
Third Party (G3H)Stem Cell Donor

Irradiation or TLI/ATG: Strober

Shizuru, Gandy

Stem Cell Recipient

Stem cell donor  Stem cell donor  
heart is acceptedheart is accepted

Third Party heart Third Party heart 
is rejectedis rejected

White mouse (Balb) with C57BL
Mouse blood and immune system

Stem Cell Recipient

Donor stem cells allow heart, kidney, 
pancreas,etc to be transplanted with no 
ongoing immune suppressingdrugs

Weissman

The product is the cells,
Not drugs that act on the
cells



Rescue of Diabetic Mice with blood 
forming stem cells [HSC] from 

diabetes resistant donors

NOD male controls

NOD female controls

NOD WBM       NOD

100

80

60

0

NOD WBM       NOD

AKR HSC        NOD 
(unrelated donor) 
or Bl.g7 (related donor)

txp

NOD.Thy1.1 HSC      NOD

Months after birth
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20

0 2 4 6 8 10 12 14

Shizuru,Weissman, and Beilhack

Product is diabetes
Resistance HSC



Combined HSC & islet transplantation

Follow for:  
o  Hyperglycemia  
o  Chimerism  
o  Surviva lAKR MHC-mismatched  

          donor s

Purified  
HSC

Isolated  
islet s

Day -7,-1 anti-ASGM1  
Day -3,2,1 anti-CD 4

Diabetic NO D

Day 0 - AKR HSC Txp  
       & XR T

Day +1 - islet tx p

HSC

SHIZURU



Autoimmune diseases

• Systemic lupus erythematosus 

• Multiple Sclerosis 

• Rheumatoid Arthritis

• Ulcerative Colitis • Ulcerative Colitis 

• Vasculitides

– Polyarteritis

– Wegener’s granulomatosis 

• Autoimmune Hemolytic Anemia

• Type 1 Diabetes Mellitus



BM, 
circulation

HSC
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CD45(-)Mac-1(-) 
Sca-1(-)CXCR4(+)
Beta1-integrin(+)

CD45(-)
Sca-1(+)
CD34(-)

Myoblast

In vivo myofiber 
contribution Robust rare rare

Autonomous in vitro 
myogenicity (% cells) ~50% 0% yes
Regenerate muscular 
dystrophy muscles yes no no

fusion                    fusion

Richard Sherwood, Amy Wagers, and IW



Human CNS-SC Neurosphere Cells Engrafted, Migrated & 
Differentiated Into Neurons, Astrocytes and Oligode ndrocytes

In Vitro Expansion

Transplantation

DopaminergicDopaminergic
NeuronNeuron

CerebellumCerebellum

Cerebral CortexCerebral CortexUchida et al

x

NeuronNeuron

AstrocytesNeurons Oligodendrocytes

Immunodeficient mouse brain 



MRI of End Stage Batten 
Brain

Normal Human
Brain

7 yr old Batten child
Vanhanen, S. et al, Neuropediatrics 35:27-35, 2004
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Not transplanted Low Dose
Transplanted

High Dose
Transplanted
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p<0.001 p<0.001

n=6n=9 n=6

Capela, Uchida
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30d Delay

Astrocytic markers (GFAP and SC123): 2.9%
Neuronal markers (Beta-tubulin III, GAD-67, NeuN): 26.4%

Oligodendrocyte markers (anti-NG2, CC-1/APC): 64.1%
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Control
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Human cells

Restored Motor Function Linked to HuCNS-SC

Weeks Post Injury

Control (n=15)
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Repeated Measures ANOVA p<0.01
*  individual time points P<0.05



Pluripotent Embryonic Stem Cells

ES cells = pluripotent
stem cell

Self-
renewal

Somatic Lineages
Germ Line

Sperm
+

Egg From in vitro fertilization clinics

2

Endodermal
SC

Liver
Pancreas

HSC

Blood

PNS-SC

Neural
Crest

Peripheral Nerves
Neuroendocrine cells

Schwann Cells
Pigmented Cells

Smooth Muscle Cells

CNS-SC

Brain

Cardiac 
SC

Heart 
Muscle

Skin
SC

Skin 
& 

Hair

Bronco-
Alveolar
SC

Lung

Other
SCs

Muscle
SC

Skeletal
Muscle



embryonic stem cells

differentiated donor cells

transplantation

Genetic reprogramming

To study disease in a dish
Or in the same organs of
Immune deficient mice

nucleus

adult cells

enucleated oocyte

blastocyst

?

4 genes: Shinya Yamanaka



Regenerative Medicine from stem 
cells

• Prepare pluripotent stem cell lines from a 
thousand people

• Isolate and prepare transplantable blood 
forming stem cellsforming stem cells

• Isolate needed tissue stem cells [e.g.islets]
• Develop methods to prepare patients for 

transplants with minimal toxic agents
• Co-transplant the two stem cell types



Can Tissue Stem Cells Transdifferentiate?

Pluripotent stem cell 

PSC

Differentiate

OR

Dedifferentiate

Print  
02/16/991

CNS-SC

Neurons
Oligo-
dendrocytes

Astrocytes

HSC

Blood

Trans-differentiate

Cardiac
or

Skeletal
or

Lung

Trans-differentiate

NO! NO!

Wagers and Weissman



Clonal Selection of HSC with 
Aging

Normal HSC 2 mo                            Normal H SC 2 years

Hypothesis and data: Rossi, Eaves, Muller-Sieburg, Nakauchi, Bryder,
Beerman, and Weissman [Beerman and Weissman are fro m Power and Great 
Falls, respectively, trained in the McLaughlin Rese arch Institute 45 years apart]



Target of immune orTarget of immune or
drug therapies

Reya, Morrison, Clarke, and Weissman, Nature 2001



SIRPa

CD47

“Don’t eat me signal”

Mouse AML marrow cells overexpress CD47 
compared to syngeneic mice that don’t progress
to AML

SIRPa

Macrophage                leukemia stem cell

Jaiswal, Jamieson, Traver, and IW



TET MOLM 24hTET47 MOLM 24h

200X 200X

TET47 MOLM 24h TET MOLM 24h

400X 400X



Clearance of human AML from the blood of Anti-
CD47 Treated LSC-engrafted NOG mice

60
70
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100
Mouse 4 (anti-CD47)
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Mouse 7 (anti-CD47)
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Chao, Majeti et al



��������	
���
����������������	
���
��� �����	
���
���

Anti CD47, but not IgG control Mab, depletes primar y transplant human
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Mark Chao, Ravi Majeti, IW



Combination antibodies eliminate a 
primary human lymphoma from immune 

deficient mice

Chao, Majeti, Alizadeh, and Weissman, 2009



Antibodies Targeted To CD47 Can Eliminate 
Ovarian Cancer Xenograft Tumors
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In Collaboration With Chad Tang & Robin Martin



Antibodies Targeted To CD47 Eliminate 
Breast Cancer Xenograft Tumors



Unproven stem cell treatments

• Beware of advertised treatments where one 
kind of stem cell is used to regenerate blood, 
brain, heart, lung and other damaged 
tissues; none can.

• There are plenty of these fraudulent 
treatments advertised to save lives.

• There are plenty of these fraudulent 
treatments advertised to save lives.

• They mainly deplete patients with hopeless 
diseases of their money without any tissue 
regeneration. They do so while they risk your 
lives, rob you of the time better spent with 
family and friends, and rob your children of 
any assets you wished to pass on.

• Go to the ISSCR 
website:http://www.closerlookatstemcells.or
g//AM



As of Oct 2009 we have found the 
following cancer stem cells to 
overexpress the ‘don’t eat me’ 

signal, CD47
• Acute myelogenous leukemia LSC
• Acute phase of chronic myelogenous leukemia LSC

[Bill Walsh]

• Acute phase of chronic myelogenous leukemia LSC
• Bladder cancer stem cells
• Ovarian cancer stem cells
• Non-Hodgkins Lymphoma
• Glioblastoma and Medulloblastoma brain tumors
• Malignant melanoma
• Breast cancer
• Colon cancer



A model of blood-forming stem cell aging

Young adult Mid-age Old age

Lymphoid gene expression

Myeloid gene expression
Leukemia genes

Self-renewal 
Myeloid potential
Myeloid genes
Leukemia genes

Lymphoid potential
Homing
Lymphoid genes

Cell intrinsic changes

Lymphoid gene expression

1) Old mice have blood forming stem cells that, comp ared to those 
from young mice, make more stem cells, make more im mediate 
infection fighting cells, and make fewer new immune  cells that can 
expand upon vaccination to form immune memory

2) Old stem cells behave as old in young or old mice ; young stem 
cells behave as young in young or old mice.

Beerman, Rossi, Bryder, Weissman



Director of the Institute for Stem 
Cell Biology and Regenerative 
Medicine at Stanford University

Irv Weissman



HuCNS-SC Restores Motor 
Function in Spinal Cord 

Injured Mice
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Aileen Anderson, Brian Cummings,Nobuko Uchida et al



Cancers don’t come from Mars

They are derived from our own tissues 
through a  series of mutations. We 
propose that the first events must propose that the first events must 

occur in the normal stem cells of the 
tissues, but that later emergence of a 
highly cancerous great-grandaughter 

cell could occur.
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WHICH OF THE FOLLOWING 
NEURAL DISEASES DO YOU 

NOT WANT TO CURE?
• Lysosomal storage diseases(Battens, 

Gauchers, etc)
• Brain cancers
• Spinal cord contusion with demyelination
• Stroke
• ALS
• Parkinsons
• Alzheimers
• Huntington’s
• Cerebral palsy
• Others I forgot since medical school

The product is CNS stem cells that regenerate for l ife; not a drug



Pluripotent stem cells

• Normally exist only in pre-implantation stage, 
and are gone after implantation into the 
uterus

• As cultured cells can give rise to all body cell 
typestypes

• Go through adult or tissue stem cell 
intermediates before making body cells

• The orchestration of expression of genes to 
make body cells in a dish recapitulates what 
happens in the body



Nuclear Transplantation To Produce Stem Cells

_____________________________________INSERT GENES FROM ES TO REPROGRAM TO
PLURIPOTENCY_______Body Cell Nucleus from Normal Subject,

Subject with a Heritable Disease,
or from the Diseased Cell Itself

Human Genetic Disease
Pluripotent Stem Cell Lines;
to study disease 
pathogenesis and identify 
gene targets for therapies

‘Therapeutic
Cloning’

PLURIPOTENCY_______



Sources of blood-forming stem 
cells

• Bone marrow
• Mobilized blood
• Umbilical cord

• All 3 stem cell populations only make 
blood, and are very rare cells (1 in 15,000)



That’s all folks



SC

SC

The stem cell paradigm

Long-term stem cell

Short-term stem cell

MPP

PP

Terminal
differentiation

Multipotent progenitor

Progenitor



WHAT IS STOPPING US FROM 
TREATING ALL PATIENTS WITH BLOOD 

DISORDERS WITH STEM CELLS??
• TO GET STEM CELLS TRANSPLANTED ONE MUST 

FIRST WIPE OUT THE RECIPIENT’S IMMUNE 
SYSTEM THAT WOULD REJECT THE STEM CELL 
DONOR GRAFT, WHICH IS UNACCEPTABLE IF THE 
PATIENT IS TOO SICK OR TOO WELL.PATIENT IS TOO SICK OR TOO WELL.

• ANSWER: USE ANTIBODIES TO WIPE OUT IMMUNE 
CELLS, AND MILD IMMUNE SUPPRESSION TO 
BLOCK THE IMMUNE RESPONSE

• TO MAKE SPACE FOR NEW STEM CELLS ONE MUST 
FIRST WIPE OUT THE RECIPIENT’S OWN STEM 
CELLS TO MAKE SPACE.

• ANSWER: USE ANTIBODIES TO DEPLETE STEM 
CELLS.



Generally accepted requirements 
to establish that a discovery is a 

scientifically acceptable fact
• The findings are published in a peer-reviewed 

journal wherein the peers are experts in the 
field…but that is not enough

• The findings are replicated in several independent 
laboratories..but that is not enoughlaboratories..but that is not enough

• The principles that derive from the findings lead t o 
new kinds of experiments and new approaches, both 
of which independently validate the original findin gs 
and the conclusions from the findings…but that is 
not enough

• To use the findings in human clinical medicine, the  
transplantation must be robustly regenerative.



Misguided lymphocyte responses cause 
autoimmune diseases

Antibodie s

Pl

Cross reactive bbbb
cell protei n

HSC CLP THYMUS

POSITIVE SELECTION
OF PROTECTIVE T CELLS

DELETE SELF
REACTIVE T CELLS

CTL

CTL

Activated NK cells and macrophages  
and other inflammatory cells  

NK

M

Pancreatic  
b b b b  Cel l

Antigen Presenting  
Cell

CD4+ Helper  
T Cel l

T
H

cytokine s
APC

Cytotoxic T Cell s



Pluripotent Embryonic Stem Cells

ES cells = pluripotent
stem cell

Self-
renewal?

Somatic Lineages
Germ Line

Sperm
+

Egg From in vitro fertilization clinics

2

Endodermal
SC

Liver
Pancreas

HSC

Blood

PNS-SC

Neural
Crest

Peripheral Nerves
Neuroendocrine cells

Schwann Cells
Pigmented Cells

Smooth Muscle Cells

CNS-SC

Brain

Cardiac 
SC

Heart 
Muscle

Skin
SC

Skin 
& 

Hair

Bronco-
Alveolar
SC

Lung

Other
SCs

Muscle
SC

Skeletal
Muscle



totipotent

---trophoblast:makes placentaInner cells: make embryo,
Not trophoblast=pluripotent

HSC

multipotent



Should you save umbilical cord 
blood for the child?

• Umbilical cord blood contains blood forming 
stem cells and some mesenchymal stem cells

• Blood forming stem cells only make 
blood;mesenchymal stem cells only make bone, 
fat, cartilage, and scar tissuefat, cartilage, and scar tissue

• Umbilical cord blood has the same genetic 
disease potential that the child has; only very 
rarely has a person needed their own cord blood

• Public cord blood banks are a blessing for 
others who don’t have a ‘match’



embryonic stem cells

differentiated donor cells

transplantation

“Therapeutic” cloning

nucleus

adult cells

enucleated oocyte

blastocyst

?



• human disease model in the dish

• Test disease model in SCID 

mouse by transplantation of 

Patient-specific stem cells

each affected tissue’s stem cells 

into the tissue of origin in the 

mouse.


