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Stem Cell Research Community: 1998-?

Sometimes I wonder if there’s more to life 

than unlocking the mysteries of the universe



Stem cells: Political science? – Not!

Curt Civin, MD

civincu@jhmi.edu
JH Ped Grand Rounds

Jan, 2007

Bench Bedside

mailto:civincu@jhmi.edu


Identification & purification of hematopoietic 
stem cells: Financial disclosure

 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.



Learning Objectives

 Review the key defining properties of stem 

cells

 Describe the properties of hematopoietic stem 

cells

 Discuss the big translational questions in 

hematopoietic and cancer stem cell biology

Recall Len Zon’s November 2006 Coopersmith Grand 

Rounds, which provided an elegant introduction



Big question: What is a stem cell?

 A "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).

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



Hematopoietic stem cells

 HSCs form the blood throughout adult life 

(kilograms of short-lived blood cells/day). Blood 

cell count (CBC) as one of the primary evaluation 

tools in the clinician’s black bag

 Many diseases involving hematopoietic failure 

(aplastic anemia) and mutations (leukemias, 

lymphomas, myelomas = hem malignancies)

 The amazing potency of HSCs has been 

exploited for almost 50 yrs with regenerative 

therapies (BMT) for patients with hem 

malignancies and other blood-related diseases

HSCs are themselves clinically important 

cells, and they are also the most widely 

studied cell differentiation system (stem cell 

biology paradigm)



What is a Hematopoietic stem cell?

 A “(lympho)hematopoietic stem cell” 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).

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



The human hematopoietic hierarchy (by 

cell function)

Self-Renewal

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

single, multi/pluripotent stem-progenitor cell; and maybe endothelial cells, as 

well

Stem cells  Progenitors  Precursors  Mature, functional lineages

Hem progenitor cells are the transit amplifiers in this lineage
Multi- or 

pluripotency



How do stem cells “decide” to self renew, to 

maintain stem cell numbers vs die or differentiate?



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

Can we influence hematopoietic stem cells to 
“expand” in vitro?

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

SCF TPO FL

 Lack of self-renewal capacity is a limitation of all 
types of “adult stem cells,” in addition to their 

limited ability to differentiate to multiple tissue types



Embryonic hematopoiesis in mouse and 

human: When & how is the die cast for cell fate?



More recent studies (Dzierzak) have identified the aorta-gonad-

mesonephros (AGM) region (esp the dorsal aorta) as the

birthplace of adult-repopulating (“definitive”) HSCs in mammals

AGM (dorsal aorta)

Human 

gestation



Developmental hierarchy of HSCs in the 
mouse

How do groups of apparently identical cells 

assume different fates?

How do cells in different anatomic locations take 

on the same fate?



Early human CD34+ cells in dorsal aorta



Pluripotent embryonic stem cells can self-renew indefinitely and 

differentiate into all types of human cells

Fischbach et al, JCI, 114:2004



H1 human embryonic stem cell line

GFP+ colony after

lentiviral transduction
SSEA-4+alk phosphatase+

Embryoid body containing hot pink primitive 

erythroid cells (embryonic & fetal 

hemoglobin)



In vitro hematopoietic differentiation of hESCs

Stromal co-culture optional:

Favors definitive over 

primitive hematopoiesis, 

including DCs

Salmon pink (as opposed 

to hot pink) erythroid cells 

suggests definitive (adult-

type) BFU-E lacking 

embryonic hemoglobin

Keller



Differentiation of human embryonic 

stem cells into blood cells

Day 2: Differentiating

human embryonic

stem cells

1-2 weeks later: 

Many differentiating 

human embryonic

stem progeny

2 weeks later: Colonies

of functional blood cells



0 5 10 15 20

hES DAYS EB DEVELOPMENT

CD34

KDR

CD31

CD45

GATA1

SCL

GATA2

cdx4

OCT4

Mesoderm/Hemangioblast

Phase?
Hemangioblast/Hemogenic

Endothelium Phase?

2 waves of Primitive, then 

Definitive Hematopoiesis?

Waves of hematopoietic development from hESCs

 Looking for new markers to trace hem-
endothelial origins back to an earlier cell 
(which might be capable of extensive self-
renewal ex vivo)



Elias Zambidis, MD/PhD

2005



Cancers likely originate in stem cells

 Their longevity and (self-)renewal capacity 

should make stem(-progenitor) cells susceptible 

to the acquisition of both initiating and secondary 

oncogenic mutations (in the same cell):
 Stem(-progenitor) cells persist long enough to 

accumulate the multiple oncogenic hits necessary for 

cancer development

 Stem(-progenitor) cells are already programmed to 

generate huge clones of identical or similar progeny cells

 These cancer stem cells persist and maintain 

the fully-evolved cancers

 Are cancer stem cells vulnerable to inhibition of 

canonical stem cell signaling?



 Investigate normal and diseased lympho-
hematopoietic stem cells (HSCs) to develop a better
fundamental understanding of the key physiologic 
and pathophysiologic mechanisms in normal and 
leukemic stem cells

 Microarray and SAGE transcriptomic studies as the 
starting point to identify genes that might be 
important in stem cell:
 Survival

 Quiescence

 Self-renewal

 Differentiation

 Fate specification

 Homing

What are the mechanisms underlying “stemness” 
properties?

Toward high performance stem cells

Weissman Cell 2000



Intersection Analysis highlighted mRNAs 
over-expressed in HSCs from all 3 tissues

  

HSC-enriched HPC-enriched

Georgantas Cancer 

Research 2004



Meta-analysis to reveal the best 
candidate HSC-functional genes

Gene Name1

Human

Unigene ID

Mouse

Unigene ID

Ave Fold

Change2

Santos

Mouse3

Ivanova

Human4

Ivanova

Mouse5

GATA3 Hs.169946 mm.606 4.38 YES YES YES

CD110* Hs.84171 mm.4864 8.47 YES no YES

CEBPB Hs.99029 mm.4863 2.23 YES YES no

HERMES* Hs.80248 mm.12436 20.71 YES YES ND

HLF* Hs.250692 mm.45146 27.99 no YES YES

MDS1 Hs.54504 mm.56965 3.82 no YES YES

ROBO4* Hs.111518 mm.27782 8.35 no ND YES

HOXB6 Hs.183096 mm.215 6.07 no YES no

SOCS-2* Hs.351744 mm.4132 4.35 YES ND no

SPTBN1 Hs.107164 mm.3601 3.89 YES no no

KLF4* Hs.356370 mm.4325 3.28 no ND YES

TRAIL Hs.83429 mm.1062 3.00 no Yes ND

GBP2 Hs.171862 mm.24038 2.97 YES ND ND

DKFZP434J214* Hs.12813 mm.21712 2.79 YES ND ND

• Ivanova et al, 2002 Science 298:601  

• Ramolho-Santos et al, 2002  Science 298:597 

Potential new HSC master regulators?

Also, potential new HSC markers?



Hematopoiesis requires the Kruppel Family

Lund Stem Cell Center
KLF1

KLF2

KLF3

KLF6

KLF4?

HSC HPC HL60
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DsRED

One gene, one grad student (or postdoc)?

EF.AML1-ETO-ER/Ub.GFP

Ub.GFP

EF.INV/Ub.GFP

PUb GFP

PEF1a
PUb

GFP

SMMHCCBF-β

PEF1a PPGK
GFP

RUNX1 ER

EF.RUNX1-ER/PGK.GFP

PEF1a
PUb

GFP

AML1-ETO ER

EF.CEBPα-ER/Ub.DsRED
PEF1a

PUb

CEBPα ER

EF.mutKIT/Ub.DsRED PEF1a PUb

mutant-KIT

EF.PU.1-ER/Ub.DsRED PEF1a PUb DsRED

PU.1 ER

Ub.DsRED
PUb

Parental 

vectors
Yu X et al, Stem 

Cells 2006

U6.siAML1-ETO/Ub.DsRED PU6 PUb DsRED

siAML1-ETO 

U6.siKIT/Ub.DsRED PU6 PUb
DsRED

siKIT

U6.siFLT3/Ub.DsRED PU6 PUb
DsRED

siFLT3

DsRED

DsRED

Need many lentivector tools for enhanced 

expression, conditional expression, knockdowns



Hematopoietic development from rare stem cells

926 100 575

81
77 127

314

Bone Marrow: 1190

Mobilized Blood: 605

Cord Blood: 889

But some of the results puzzled us:

 Why are so many genes required for later development already expressed in 

hematopoietic stem cells? Why doesn’t this cause hem stem cells to 

differentiate?

The gene expression profiles provided direction:

 Study the 81 genes that are highly expressed in stem cells vs progenitors to 

understand the key properties of stem cells: self-renewal, differentiation, etc



For some HSC-expressed mRNAs, the 
encoded protein was not expressed



What are microRNAs?

 Originally observed as a class of shRNAs

 Thought to be RNA processing junk

 First shown to be regulatory elements of  Let7 
expression in C elegans by Reinhart et al, 2000

 Found in most higher organisms

 Involved in regulation of development, apoptosis, 
metabolism, and other major cellular processes

 Critical regulators of mRNA translation to protein



MicroRNAs are processed extensively

Esquela-Kerscher &

Slack 2006



MicroRNAs can act as oncogenes or 
tumor suppressors

Esquela-Kerscher

& Slack 2006



microRNAs are expressed in HSPCs

 Measured 228 human microRNAs in CD34+ HSPCs using 
microarray chips

 Intersection analysis found 34 microRNAs expressed in 
CD34+ HSPCs from both BM and PBSC harvests 

BM microRNA

Expression
(74 miRs)

PBSC microRNA

Expression
(36 miRs)

34
4

42

Georgantas PNAS

2007



The Transcriptome Interaction 
Database

Using bioinformatics to test a theory

Comprehensive

Stem Cell

Transcriptome

Interaction

Database

MicroRNA Chip data
Methods in Lui et al PNAS 2004

Multiple miR Target Predication data sets
Lewis et al 2005/2003; MicroRNA.org: miRBase Targets; TargetScan

We combined a number of 

different datasets into a 

single tool, allowing us to

bio-informatically test the 

interplay of HSPC 

microRNAs and mRNAs in 

hematopoietic differentiation

Affymetrix

mRNA Data
Georgantas et al

Cancer Research 2004



MicroRNAs regulate hematopoiesis: Model

 



Luciferase assays to test microRNA-mediated 
translational repression



TID-predicted microRNA targets



mRNAs are controlled by specific microRNAs



Mir-155 blocked erythroid differentiation 
pf the K562 leukemia cell line

FUGW control
72% positive

FUGW-mir-155
< 1% positive

Benzidine Staining



Mir-155 blocked myeloid and erythroid 
colony formation from primary cells

Myeloid Erythroid



Mir-155 –transduced primary cells formed not 
only fewer, but also smaller colonies



Mir-16 predicted to down-regulate 
erythropoiesis

 



Mir-16 is predicted to up-regulate apoptosis 
(by down-regulating inhibitors)

mir-16



Mir-16 blocked erythroid differentiation of 
primary HSPCs



Mir-16 blocked erythroid differentiation of 
primary HSPCs

 



MicroRNAs regulate hematopoietic stem cell 
development

miR-128, -181

miR-146miR-155,

-24, -17

miR-16, -103, -107

miR-223

miR-221,

-222



A productive fishing expedition

Mir-16 Mir-155



Steinbrook, R. N Engl J Med 

2006;354:324-326

Requires oocyte (egg) 
harvest:
Hormone treatment of 
woman (pseudo-pregnancy)
“Minor” surgical procedure 
with anesthesia

Medical definition of 

“minor” surgery = surgery 

that happens to someone 

else

Ethical issues in egg 

donors (coercive 

circumstances, payment)

What is a human 
embryonic stem 

cell?



Sperm

What is a human embryonic stem cell?

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

Embryonic stem 
cells are made 
from cells of the 
“inner cell mass” 

of the blastula

When 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

When does human 
life begin?

Development 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



 They don’t 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

D’Amour 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

When does human life 

begin?

Should the embryo have 

all the rights of a human 

being?


