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Most current stem cell research is at the lab bench
stage

We need to discover and exploit the key stem cell molecules,

pathways, networks that regulate the development of each
human organ, tissue, cell:

U basic and translational research

u all types of stem cells
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What I1s a stem cell?

U 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).

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




2005 Lasker Award Recipients:
James Till and Ernest McCulloch

First identification of a stem cell (later found instead to
be an early progenitor cell)
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Hematopoiesis Is essential to human life

Homeostatic and reactive
production of all the cells of
the blood and immune system
for over a lifetime

http: //www ualberta.ca/~cw9/labtour/hem. htmI

U ~200x10° cells produced per day (Metcalf 1988)
UAt any given time, an individual 0s

of just a handful of HSCs


http://www.ualberta.ca/~cw9/labtour/hem.html
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Tree model of hematopoiesis

Dormant molecules
HSC

Self-renewal

LT-HSC

Long-term HSC

ST-HSC

Short-term HSC

MPP k
/ Multipotent progenitor Trumpp 2010 el
Proliferation
CMP CLP

Common myeloid progenitor Q Common Iymphmd progenitor

/ GMP
Granulocyte-
yt
MEP ;‘;gggﬁ roT chp Qp

Megakaryocyte-
erythroid progenitor & ¢ l
Erythmcylaas @ Granulocytes @ Dendritic Cells T -cells NK cells B-cells

Megakaryocytes Monocytes

Megakaryocyte

Progenitors

Bone marrow

| Kaplan and S Morisot



Hematopoietic (blood-forming) stem cells: best
characterized type of stem cells

U HSCs can be obtained for lab
studies from adult humans in health et
and with hematopoietic diseases

0 Paradigm for normal and
leukemia/cancer stem cell research

U But little is know about the
molecular mechanisms regulating
development of HSCs and other
types of stem cells

x We know only a few of the essential [ g
molecules and pathways

Jordan, N Engl J Med 2006




Overall Objective: Civin Lab

U Investigate normal and diseased
I mBho ematopoietic stem/progenitor cells
(¥IS Cs) to develop a better fundamental
understanding of the key physiologic and
athophysiologic mechanisms in normal and
eukemic stem cells

C Transcriptomic studies as starting point to identify
genes that might be important in stem cells:
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HSC self renewal I1s limited, ex vivo

Requlators:
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Immunophenotypic purification of HSPCs

Lineage Sca



MicroRNAs regulate hematopoietic development:
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What Is the promise of our studies?

U Matching hematopoietic stem cell transplants (BMT) available for
everyone

U Hematopoietic stem cell transplants to prevent rejection of
transplanted organs, such as kidney, pancreas, etc (or hESC/iPS-
derived organ-forming cells)

U Undertanding that will lead to new medicines to treat and prevent
diseases (Whole-world treatments and preventions instead of
expensive, first-world transplants)



The ultimate stem cells: Pluripotent embryonic stem cells can self-renew
iIndefinitely and differentiate into all types of human cells

Blastocyst .
(100-200 cepf) ] . Inner cell

7 mass '
\H‘\'I--
_ ) Cells dissociate
Pluripotent embryonic stem cells Dilerent growth

(abodt 4 days lactors added
% in culture) oo Sone i}
I‘_. e \ _..--'x““" J”_TL"'J S— MArow '.

i .\ Pancreatic

W/ isletcells
e




Differentiation of human embryonic
stem cells into blood cells

human embryonic
stem cell
aggregates called

fiembryoid 1-2 weeks later:
bodi eso Many differentiating
human embryoid
bodies

; N
b
S
. .
:
L
.
¥ T . o I Col Y
\ ” ‘:f- ik pav e L oy .’%.J g ;_ $iycle
A S ey A ey
3y LY, [ E
Y 5 R
A . 8 ¥ ”
g 4 A\ s ',»
ay E% )Y b
- - . . .‘ " L < 14
1 5B 2 g %
. . . \¥ ;! 2 %
D \ % N 5 b A X %
| iati it A \
PI‘ 3 J. »
.4 Vo
; £ % .
13, # ‘e ¥
7
2
e % s (i
&
r

g = ‘ l)nays hEB Din‘ere:limi:n
Y&

2 weeks later: Colonies

of functional blood cells
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What is a human
embryonic stem
cell?

Requires oocyte (egg)

harvest:

U Hormone treatment of
woman (pseudo-ovulation)
UA Mi nor o sur gi
with anesthesia

U Medical definition of
Ami nor 0O sur ge
that happens to someone
else

U Ethical issues Iin egg
donors (coercive

—

circumstances, payment)




What is a human embryonic stem cell?

U The "embryo" Is
the stage between
the ovum (egg)
and the fetus
(beyond 2 months)
In prenatal

U When does human
life begin?

U Embryonic stem
cells are made
from cells of the
Al nner cel

of the blastula




From zygote to blastula: the early stages of human
development

Human fertilization-implantation au naturel

Fallopian tube

Fischbach et al, JCI, 114:2004




Human embryonic stem cells in tissue
culture on mouse feeder cells

7




Human induced pluripotent stem (iIPS) cells

SCIENTIFIC w2
AMERICAN

May 2010 $5.99 www.ScientificAmer

FROM YOUR CELLS TO
C IPS cells are mature cells that have been
Areprogrammedo (mani pul ated 1T

embryonic state
C If IPS cells fully emulate embryonic stem (ES) cells to
' form each of the >200 types of human cells, they could

model many cryptic diseases and provide cell therapies
| o Very promising research is focused on accomplishing this

'C Also, considerable research is focused on mechanisms
of reprogramming, and making the process safer and more
efficient

© 2010 Scientific American



IPS cells reprogrammed from many accessible human cell
types have many (all?) of the key properties of ES cells

A Biological Clock

In the developing human body, 2 cell’s possible identities become restricted with
time and ingeased specialization— although induced pluripotent stem cells (iPSCs)
seem to break those rules. Normally only the cells of an early embryo are pluripo-
tent: able to become any cell type in the adult body. Later, embryo cells commit to
lineages that limit their potential fates to spedific tissue families, making them
multipotent. In the aduit body, stem celis are still more spedialized. Mature body
cells are said to be terminally differentiated—locked into their identities. Repro-
gramming rewinds the internal dock of mature body cells to a pluripotent state.

-

Late embryo

{15-16 days)

CELLULAR POTENTIAL
@ Phurpotent Can giverise
to any cell type

@ Muitipotent: Can give rise
to cells within a tissue family

Terminally differentiated:
Lockad Into one identity



Reprogramming procedures are being enhanced:
more efficient and safer

A GENE-ACTIVATION
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Scientists focus an raising efficiency by identify-
ing distinct patterns of gene activation {re-
vealed by FLCfesc.:n markers) characterizing
cells that will successfully canvert to iPSCs. Skin
cell identity and reprogramming-gene markers
give way to pluripotency markers

Scientists demonstrate that iPSCs can be
made using retroviruses carrying only three

of the original Yamanakareprogramming [~ -~~~ ~-—"~--==-=--=-=-=
genes, then only two, or just by introducing

the proteins encoded by the four reprogram-

ming genes directly into cells




Transplantation is the icon, but not the only
exciting application of stem cells

The CD34 antibody developed in my Hopkins lab has been

used in bone marrow transplants for thousands of patients
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resulted in thousands of basic scientific and applied medical
discoveries



Stem cells as disease and testing models
probably, an@atnrdorrtvwosmaeoliriireionwea possibiyl |

APPLICATION STATUS

DISEASE MODELING B Human iP5Cs have already been used to generate
Convert iP5 Cs derived from 12 tissue types, including cells representing diverse
patients into the affected disorders such as Parkinson's disease and diabetes
tissue type, then study m Symptoms of smooth muscular atrophy and familial
d'EEEEEFr':_'grEE'E"J" and drug dysautonomia have been “treated” in cultured cells
respanses in those cells

CELL THERAPY m 10 years or more in the future

'E':ﬂfrt 'I.JS'EE.':IE”ﬁE‘:IIFL':"'" m iPSC-derived neurons have been transplanted into
i;li; ffra::iilr;f;tal:ﬁ:; iﬁrl1t-:- > rats to treat a version of Parkinson's

that in-:Ii'.ril:h.aFII B iPSC-derived blood progenitor calls with correctad

sickle cell anemia genes cured the disease in mice




Stem cells as models for mechanistic studies, drug

development, toxicology
——————————

= MORE TO
EXPLORE
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can.com,/ interactive



Justi ce Brandeil

U On controversial national iIssues:
x Statescanbenl aboratori es of de m
x States as opportunities for multiple experiments

x Then cull best laws and federalize

AUniform, federal policies, procedures eventually
needed for efficacy in science



Maryland Stem Cell Research Bill 2006

® Forbids human reproductive cloning

i
i

Imposes criminal penalties

Maryland now one of a handful of states, including
California, where reproductive cloning is illegal

% Funds stem cell research

Human adult and embryonic stem cell research

SCNT (therapeutic cloning) will not be funded by
MSCRF, but remains legal (a compromise)

Legislature must reevaluate and can renew the
law in 5 yrs

No defined yearly budget (another compromise),
but widely perceived target = $25M/yr

In Maryland law, all funding depends on the
yearly gubernatorial budget proposal, then
legislative approval or reduction



What kind of stem cell research can be

supported by MSCRF?

&

Many advocates wanted to fund only human
embryonic stem cell research. Rationale:

. HESCs have greatest pluripotentiality and self-

renewal capacity

5. Funding HESC research would precisely fill the

current US Federal funding gap

Others, including Gov Ehrlich, wanted to fund
all stem cell research. Rationale;

. Fund the best stem cell science (All stem cell

research is currently underfunded)

. Adult or embryonic stem cells may be optimal for

given applications

Compromise made to end a filibuster in the State Senate and secure
Governor 0s s ualgids of huntfamu gtetdn cell research




Huge conceptual change, increasing funding

. MD changed qualitatively from customary
research support role of supporting only
research buildings, small startup research

programs

“.  State of MD Is successfully playing the new
role of providing sustaining funding for
stem cell research

&w Governor OO0 MaskSMeryaltthoagh dhiss
target has never been hit



Is MD providing enough research support to
make a biomedical impact, and to keep stem
cell science/scientists in MD?

Maryland California New York | Massachusetts
Proposed $25M/yr stem $300M ~$200M ~$120M
yearly cell research
research budget
budget
State 5.6M 36.5M 19.3M 6.4M
population population
2006
Research $4.5/person $8.2 $10.4 $18.8
$/person
Even i f the budget goal for stem cell
Anor mali zedo research funding wil|l b e




Maryland Research Bill; rationale

U State support of biomedical research is an
extremely good thing for Maryland

x  Research is a huge industry in Maryland
C JHU and Univ MD (and NIH) are huge research employers
x  Research provides the future, post-manufacturing
Industry of Maryland

C  With proper support, Maryland can continue to lead the
world in research

C Long after other less creative industries move to cheaper
shores

y Similarly-themed educational/lobbying efforts
ongoing at the federal, philanthropic, industry
levels




Opponents of stem cell research

U Tactic #1: link the debate on stem cell

research to irreconcilable differences on:
x when life begins
x the morality of abortion
x general discomfort with scientific progress




We 0 rie conio to ©lgo any Kindtofopeople!o

MMENTARY

And nobody in my lab is going to clone elephants




TJTactic#2: n Adul t o stem cel |

x Most expert scientists agree that research on both
adult and embryonic stem cells should be allowed
and encouraged. The findings and uses may even
be complementary, something like the CAT scan and
the MRI.

x IPS cells have taken a lot (but not all) of the steam
out of this issue



