
Lamason et al. SLC24A5, a putative cation exchanger, affects pigmentation in zebrafish and 

humans. Science 2005; 310:1782 (and cover)

Deep relevance of 

science to society:

üBlack to white skin 

because of a single change 

in 1 gene.

üThis is due to a mutational 

change in 1 base of DNA, 

an A to a G, like a typo. But 

weôve made this typo into 

so too much more than it 

means in nature.



McMullan, D. M. et al. N Engl J Med 2006;354:397

Is this science relevant to you?
72-year-old man with worsening cough and difficulty breathing
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Stem Cell Hype Cycle: 1998-?

Sometimes I wonder if thereôs more to life 

than unlocking the mysteries of the universe



Stem cell research = hot news!

üJan 2006: This research was falsified

(using simple Photoshop edits!)

üABCNews Medical Unit 5/17/05: A paper in Science reports 

that production of new human embryonic stem cell lines tailored 

to specific patients. Having a personalized stem cell line could 

circumvent problems with immune rejection, should the stem 

cells be inserted back into the patient for therapy (ñtherapeutic 

cloningò). 

üIs this a giant step in the potential of using stem cells?  How 

significant is this research?

üWhat types of treatments do you think these cell lines could be 

used for? Diseases? 

üHow soon do you think scientists will be able to test these cell 

lines in humans? 



What is a stem cell?

üA "stem cell" is a single cell that has the 
ability to self renew and differentiate 
extensively, generating both:

(1) all (totipotent) or most (pluripotent or many 
[multipotent]) types of specialized cells, and 

(2) new stem cells with identical potential (self-
renewal).

üSo, the defining features of a stem 
cell are that it can differentiate and self-
renew extensively.



Hematopoietic stem cell defn

üA ñ(lympho)hematopoietic stem cellò is a 
single cell that has

× self-renewal capacity: can generate many new 
HSCs, and 

×multipotent differentiation capacity: can 
generate all of the cells of the blood-immune 
system (>11 specialized types of cells).

üThe defining features of a hematopoietic 
stem cell (HSC) are that it can generate new 
HSCs, as well as the entire blood/immune 
system.



Paradigms of ñadultò stem cells, hematopoietic stem 

cells form only (mainly) blood cells

Self-Renewal

Pluripotency

Development of all 11 lineages of mature blood and immune cells from a 

single, pluripotent stem-progenitor cell; and probably endothelial cells, as well



Stem 

cells

Multipotent

progenitors

Committed

progenitors

Mature cells

Regulators:

IL-1 IL-6 G-CSF

IL-3 IL-11 GM-

CSF

G-CSF   IL-4      M-CSF

IL-2 IL-6 Epo IL-7

Blood-forming stem cell self-renewal is 
limited, in vitro

Novelli, Human Gene Ther 1999;Tanavde, Exp Hematol 2002

SCF TPO FL

üLack of self-renewal capacity is a limitation of all 
types of ñadult stem cells,ò in addition to their 

limited ability to differentiate to multiple tissue types



Blood-forming stem cell transplant: Icon

The CD34 antibody developed in my Hopkins lab has been 

used in bone marrow transplants for thousands of patients

And research studies on purified CD34 blood stem cells have 
resulted in thousands of basic scientific and applied medical 

discoveries



Identification & purification of hematopoietic 
stem cells: Financial disclosure

ü The Johns Hopkins University holds patents on CD34
monoclonal antibodies and related inventions.

× Dr. Civin is entitled to 
a share of the sales 
royalty received by the 
University under 
licensing agreements 
between the 
University, Becton 
Dickinson Corporation 
and Baxter HealthCare 
Corporation. 

× These arrangements 
are being managed by 
the University in 
accordance with its 
conflict of interest 
policies.



Steinbrook, R. N Engl J Med 

2006;354:324-326

Requires oocyte (egg) 
harvest:
üHormone treatment of 
woman (pseudo-pregnancy)
üñMinorò surgical procedure 
with anesthesia

üMedical definition of 

ñminorò surgery = surgery 

that happens to someone 

else

üEthical issues in egg 

donors (coercive 

circumstances, payment)

What is a human 
embryonic stem 

cell?



Sperm

What is a human embryonic stem cell?

üThe "embryo" is 
the stage between 
the ovum (egg) 
and the fetus 
(beyond 2 months) 
in prenatal 
development

üEmbryonic stem 
cells are made 
from cells of the 
ñinner cell massò 

of the blastula

üWhen does human 

life begin?

Egg

IVF:



From zygote to blastula: the early stages of human 

development

Fischbach et al, JCI, 114:2004

Blastocyst: 5-7 days

Uterine implantation: rarely successful

üWhen does human 
life begin?

üDevelopment of 
neural streak

× first embryonic 
structure

× day 14 gestation



Pluripotent embryonic stem cells can self-renew indefinitely and 

differentiate into all types of human cells

Fischbach et al, JCI, 114:2004



üThey donôt look human!

Human embryonic stem cells in tissue 

culture on mouse feeder cells



In Vitro Differentiation of Human ES Cells

Embryoid Bodies

Neural Cells

BFU CFU-GM

Epithelial



Stainier, D. N Engl J Med
2006;354:521-523

Human endoderm from HESCs

DôAmour KA, Agulnick AD, Eliazer S, 

Kelly OG, Kroon E, Baetge EE.  Efficient 

differentiation of human embryonic stem 

cells to definitive endoderm.  

Nat. Biotechnol. 2005;23:1534-1541.



What is an embryonic stem cell line?

GFP+ colony after

lentiviral transduction
SSEA-4+alk phosphatase+

Embryoid body containing hot pink primitive 

erythroid cells (embryonic + fetal hemoglobin)



Derivation of human embryonic stem cell lines

Nature 413:13, 2001

8 cell human embryo

üWhen does human life 

begin?

üShould the embryo have 

all the rights of a human 

being?



ñReproductive Cloningò:

ñI cloned a guy in Reno. How óbout 

yourself?ò

ñTherapeutic Cloningò:
generation of embryonic 
stem cells after somatic 

cell nuclear transfer 
(SCNT)

Snyder, N Engl 

J Med 2006



Progress in human embryonic stem 
cell research

üMouse ES research has been ongoing for over 2 

decades, has resulted in many ground-breaking 

discoveries, and has translated to disease understanding 

and cures.

üHuman ES cells were just discovered in 1998, and US 

federal funding has slowed progess é But weôre getting 

there.



Wishful thinking?



How long are stem cells grown in vitro before 
they are used?

üElias Zambidis, MD/PhD, getting some ñPresidentialò human 
embryonic stem cells that are growing in the tissue culture incubator

üThe cell lines grow immortally (indefinitely) in tissue 
culture.



Why not use adult stem cells?

üAdult stem cells are less ñplasticò (less versatile in ability 
to differentiate, less pluripotent).
üFor example, blood-forming stem cells (from bone marrow, blood, or neonatal 

placental/umbilical cord blood) form blood cells (predominantly).

üIn contrast, embryonic stem cells can form all the cell types of the body.

üAdult stem cells have limited self-renewal
üBut we hope that studies of ES cells will lead us to ways to teach adult stem cells 

to self-renew more expensively.


