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Definition of Stem Cells

(1)self-renewal
(asymetric division and unlimited growth)
(2)proliferation
()differentiation
(4)functioning



STEM CELL

STEM CELL
(&.0., hematopalatic
stem cell]

SPECIALIZED CELL
\ (2.0., neuran)

PROGENITOR CELL SPECIALIZED CELL
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(Embryonic Stem Cell)
(embryo, 8 ) (fetus,8 )
()

(Adult Stem Cell)

-Hematopoietic Stem Céll

-Somatic Stem Cedll
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A three-day-old embryo on the tip of a pin. Cells multiply
to form a blastocyst, from which stem cells are taken
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James Thomson says the importance of his worlk on stem cells cutweighs the arguments against it on ethical
grounds. He was in his primate rescarch center with a computer image of stem cell neurons, right.

“James Thomson
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There are several important reasons whv the isola-
tion of human pluripotent stem cells is important

1O science and o advances in health care.




Source of Adult Stem Cedlls

*Tissue derived stem cell (including

nematopoietic stem cell of BM)

*Mesenchymal stem cells (MSC)

*Multi-potent adult progenitor cells (MAPCs)

*Plasticity (transdifferentiation of tissue -
specific stem cell)
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CD34 Hematopoietic Stem Céll




Proposed cell-surface markers of
undifferentiated hematopoietic stem cells

Mouse Human
CD34'owr- CD34*
SCA-1* CD59*
Thy1*/low Thyl*
CD38" CD38low’-

C-kit* C-kit/ow
lin lin™"

*




Resour ces of CD34+ cdll

eBone marrow
Peripheral blood
mobilization: chemotherapy
growth factor
collection: cell separator
*Cord blood



Clinical Use of CD34+ cdll

*Allogenei c bone marrow/hematopoietic cell
transplantation

 Autologous transplantation

«Selected CD34 transplantation



1st BMT In Taiwan

(1)

(2) 1983 11 9

©) Cutaneous-T-cell lymphoma
(EBV associated |lymphoma)

(4) very refractory to C/T

(5)TBI (single fraction)

©

*Epidural anesthesia
*Non-cryopreserved BM
(7)Outcome short-term CR

(8)Relpase in 3 months



1st Allo-BMT

(1) O 0 O

1984 3 9

(2) CML
©)

VOD

aGVHD. Grll

cGVHD : liver+skin
(4)

HBsAQ(+) Anti-HBs(+)
(5)Alive and DFS x 16*yrs



Clinically approved stem cell markers

AC133* CD34-

Hematopoietic Differentiation



Myogenesis

dendritic
progenitor
Hematopoietic cells  Multipotent
stem cells adult progenitor
cells Mesenchymal
stem cells
Hemangioblast AC133 adherent cells
endothelial
cells
Preangioblast endothelial
precursor
cells
Angioblast

Angiogenesis



In vivo tissue stem cell plasticity

~ Astrocytes,

~neurons,
oligodendrocytes

Neural
stem
cells

All germ
layers _
INn chimeric

Muscle embryos

Eric Lagasse et al, Nature Med 6:1229, 2000
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BM-derived MSC

More than 20 years ago, Friedenstein and then others grew adult stem
cells from bone marrow called mesenchymal stem cells or marrow

stromal cells (MSCs).

Friedenstein A. :Stromal mechanisms of bone marrow: cloning in vitro and retransplantation in vivo.
In: Thienfelder S, Rodt H, Kolb HJ (eds). Immunology Of Bone Marrow Transplantation. Berlin: Springer Verlag, 1980, 19-20.

Function:
1. Invivo: Support HSC growth
In vitro: Feeder layer of HSC growth (in LTC-IC assay etc.)

21 days BM culture



Human MSCs - Mesenchymal Differentiation in vitro

| =

Culture expanded
human MSCs

osteogenesis adipogenesis chondrogenesis




detachment, M5Cs were mixed ex vive with peripheral-blood mononuclear
cells for direct comparisen of size. Cytospin preparation (1,000 rpm) was
made and a representative M5C was photographed aleng with admixed
nevtrophils.




Surface Phenotype of Human M SC

Surface marker EXxpression
Growth factor receptor
IL-1R (CD121) +
IL-2R (CD25) -
IL-3R (CD123) +
Transferrin receptor (CD71) +

SCF-R (CD117)
G-CSF-R (CD114) -
PDGF-R
EGF-R

Hematopoietic markers
CDla -
CD11b -
CD14 -
CD34 -
CD45 -
CD133



Surface Phenotype of Human M SC

Surface marker EXxpression
Adhesion molecules
ALCAM (CD166) +
ICAM-1 (CD54) +
ICAM-2 (CD102) +
ICAM-3 (CD50)
L-Selectin (CD62L) +

E-Selectin (CD62E) -
PECAM (CD31)

VCAM (CD106)

Hyal uronate receptor (CD44)
Integrins

VLA-a 1(CD49a)

VLA-a 2 (CD49Db)

VLA-a 3 (CD49c)

VLA-a 4 (CD49d)

VLA-a 5 (CD49%e)

VLA-B (CD29)

B 4integrin (CD104)

+ +

+ + + '+ 4+ +



Surface Phenotype of Human M SC

Surface marker EXxpression

Other markers
Thy-1 (CD90)

Endogin (CD1055) +
SH-3 +
SH-4 +
B7-1 (CD80)
B7-2 (CD86)

+ indicates routinely positive in all studies
Indicates variably expressed
- Indicates lack of expression

Steven M. Devine
Journal of Cellular Biochemistry Supplement 38:73-79 (2002)



Mesenchymal Stem Cells

INn Bone Marrow

Ages
Frequency

Newborn
Teenage
50 y/o
80 y/o

Estimated

1: 10,000
1: 100,000
1: 400,000
1: 1~2,000,000



Isolation of Multipotent Adult

Progenitor Cells (MAPC)
Catherline Verfaillie, Univ. Minnesota

Bone marrow mononuclear cells

4

CD45-,Gly-A- Cells, 5 x 103 / cm?

DMEM, MCDB, 2% FCS
PDGF-BB, EGF, Ascorbic a.
BSA, ITS, Linolic acid, Dexa

Fibronectin-coated
Plastic dish

V

Maintain at < 50% confluence
cell doubling time 48~60 hrs (20-25 )



Catherine Verfaillie
Director

Stem cell institute,
Prof. Medicine
Mdical school,
Univ. Minnesota
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Figure 5.4 Two-cell conceptus with asymmetrical  Figure 5.5 Three-cell conceprus nne larger
fiviEle Dne bBlastomere arper than the other, and two smaller blastomeres nth smaller blasto-
VR 'l-::-|'r e resi [ ar Impanding cleaw- neres have noclen whéreas tha ||=__:'-| Blasromers

ape. Faint nuclel can be wisualized In each blasto-  displays only a faint central nuclear remnant

vEFE ON ohe ||_|" I

Figure 5.6 Three-cell conceptus with blastcomeres  Figure 5.7 Typical four-cell conceptus showair
that are more equal | & campared with those in two blastomeres on one plane of focus and a fu

Figure 5.5. Two upper blastomeres are the result ther twa in alternate apposition on another plana

of division of a single superiar Dlastamara






Reproductive Cloning vs.
herapeutic cloning




. Therapeutic cloning using
nuclear transfer techniques

Patent
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Scientists Create Human Em ryo for Its Stem Cells, Igniting Debate on Medical Ethics
What some see as
PJ’IIHIJ‘\-I.";_’ l'l'.*t'n.!FI'lFr

others see as

ghoulish.

Stem-Cell Advances Are Likely to Heighten Ethics Debate ~ €he New Hork €imes
Ty
™S

Grants for Stem Cell Work Are Delayed
Stem Cell Politics

Stem Cell Debate Revives an Old Ideological Battle
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Send 1n the clones

The Economist August 24t 2002

SINGAPORE

Will a relaxed attitude to regulation make Singapore the stem-cell-
research capital of the world?



Stem cells
rise in the East

As China pougrs reseae b iuncks
I ro crieralhee: o, ks
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2002/9/26



NIH Human Embryonic Stem Cell Registry

/

BresaGen, Inc., Athens, Georgia

CyThera, Inc., San Diego, California

ES Cédll International, Melboume, Australia
Geron Corporation,Menlo Park, California
GOt berg University. Got er ,@Swedem
Karolinska Institute, Stockholm, Sweden

Maria biotech Co. Lte.- Maria Infertility
Hospital Medical I nstitute, seoul, Korea

MizMedi Hospital — Seoul National
University, Seoul, Korea

National Centre for biological Sciences/

Tata I nstitute of fundamental research, Bangalore, India

Pochon ChA University, Seoul, Korea
Reliance Life Sciences, Mumbai, India
Technion University,- Haifa, Israel
University of California, San Francisco
Wisconsin Alumni Research Foundation
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(1)

( )
()
(1) (nuclear transfer )
(2) (gene knock-out) (substitution)

minor histocompatibility antigens



Genetic Manipulation of Embryonic Stem Cells
Prevention of Graft Rejection

A. Genetic manipulation B. Nuclear reprogramming C. Hematopoietic chimera:

of MHC genes complete, mixed, micro

ES calls u

Deletion of l aubshitution of

MHC geres MHC ganes

COMR OO+
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HHE-:Ieﬁl:mﬂ ast-MHC donar rnk s _
-aq:lr-a-ng MHC genes Cofransplartation




Demonsirate
afficacy

+ Iniedent modek

+ In non-hurman pirmate model

with rhesus E5 cell-derved c=lls
[&.q., diabetes cnd Paikinson's

dissase modek in primotes)

+ Evaluote integration into host
tissue [2.9., cardiormyocytes for

treatment of heart failuis]

+ P iecurrent aubairm rmunity
[&.0., diabetes)

Demaonstrate
sof ety

+ In non-hurman prircate model with
rhesus E5 cell-deiived fissues

+ Show absence of turmar foimation

+ Show absence of fronsmission
of infectious agents

Y

« Mulfi-drug immunosuppression

» Create diffeientiated c=lls

« Transducs ES cells to exprass

« Establish hermatopoietic chimesia

‘ Human frials I

Test methods
to pravent rejection

Bogenic fo prospeclive ecipisnt
LEINg nUClear repiogiamming

iscipient MHT genes

and immunclogic tolemnce







Table 1. Adult Human Stem Cells and Their Primary Direction
of Differentiation.

Cell Type Tissue-Specific Location Cells or Tissues Produced

Hematopoietic  Bone marrow, peripheral Bone marrow md blnrn-l Iqrrl-
stern cells blood :

Bone marrow, peripheral

Hepatic stem  In or near the tr=r'rr|ir'|-ql bile EJ'-HI ( cII' ﬂut .ubwqu:nm
cells ductules {ca T
Hering)
Pancreatic
stern cells

of the epidermis,
one of the hair

lung

the intestinal a '.__:und thc ba
epithelium each crypt

52 t:]f'-







the same way in people, the re-
searchers say. people suffering =a
heart attack would be treated by
e having cells extracted ffrorm their
rf bone marrow. The cells would be
sorted and amplified, then injected

ln threae mens Shucine
port hawving repaire
haeart tissue im amnimals wit
cells taken from bone mar

OME STUDY: SUCCESS IN MICE either directly into the heart, or may-

be just into the bloodstream, from
o’ A heart "T"‘C"" was induced in which they would home in on darm-
a female Mmousea, causing darmags aged heart tissue and on the en-

i the left venitricle

larged heart muscle cells that Soom
prow arowured it

It may even prove possible. though
this concept has not yet been tested,
to do no mere than inject a heart
attack patient with a cytokine, a nat-
ural protein that stimmulates the bone
marrow’'s stem o=lls to proliferate
The cells would home in on damaged
heart tissue, and repalir it. Biologists
say it is oo early o know if the
blood-forming stem cells of the bore
marrow are also the heart's own
sterm cells, which researchers have
been seeking in vain for years, or if
their remarkable ability to Trepair
the heart is just a general property of
stem cells.

Srem cells are unspecialized cells
that can turn into the mature cells of
the body while replenishing their
own numbers so as to remain a con-
stant source of new cells. The cells
involved in the Dew reports amne
called adult stem cells, and differ
from the controversial embryonic
stem cells that generate the fetus
and adult organismm.

The new results all depend om the
recent finding thar the stem cells of
the bone mMarrow are far more Yyersa-
=5 e tile than supposed and can generate
-|r-r-=r'1-- : other tissues besides the red and

e white blood cells, their best-known

e da function. It seems that the cells are a
kind of universal clay, so responsive
to local cues that if placed in the
heart they will develop into heart
tissue instead-of blood cells

Im one of the new rreports, pub-

Suramm B rikins for The Few YWors T
Dwr. Piero versa of the N
York Medical College im Walhs
used mace 1n hlq heart rc']:-.i.lf ST

lated a special kind of stverm: cell fr
human bone marrow The oCe
which they call angioblasts, ars
subset of the blood-forming st
cells that make the red and wh
blood cells. Angioblasts generate
cells of the fine blood wessels
though their existence had been
ferred, they had not been isola
before, Dr. ItTescu saild

After a heart attack, caunsed
blockage of one of the heart™s
arteries, the muscle cells thhat w
deprived of oxygen die off amd
cells around therm grow Towr or [
times larger to compensate for
damaged rissue That is wihwy m
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Medical Progress:
Adult Stem Cellsfor Tissue
Repair—A New Therapeutic

Concept?

Korbling & Estrov, NEJM
2003/8/7,349(6):570-83



Preclinical in vivo studies

From BM

1. Marked unselected cells—>conditioning
treatment of animals
— Seetransdifferentiation but origin of SC is obscure

2. M or e specific methods
a. Purified cellswith specific marker
b. Limiting-dilution technigque
From PB

« Most are mobilized §/p cytokine

— Cardiac studies:. neovascularization, myocyte
r eplacement

— Most rat/mice models OK, primate not




Clinical 1n vivo studies

1999: MSCs in allogeneic sex-mismatched BMT
Improved osteogenesis imperfecta [Nat Med]

2000: donor-derived hepatocytes after BMT [2
groups: Hepatology, Nature]

2001: endothelial cell chimerism after renal
transplantation [Lancet]

2002:

— Liver-tissue chimerism after liver
transplantation [Hepatology]

— donor-origin epithelial cells [Nat Med],
hepatocytes, endothelial cells [NEJM],
cardiomyocyte [Circ] after BMT

— Chimerism after heart transplantation [NEJM]
2003: donor-origin neurons after BMT [PNAS * 2]



Table 2. Potential Clinical Applications of Hematopoietic Tissue-Derived Adult Stem Cells for Tissue Repair or Replacement.™

Disease or Category

Myocardial
infarction

Model

Experimental EMT

Experimental BMT

G-CSF-induced
experimental
stern-cell
mobilization

Experimental
G-CSF-
mobilized
peripheral-
blood 5CT

Clinical BMT
(autologous)

Clinical BMT
(autologous)

Clinical BMT
(autologous)

Stem-Cell Source

Purified bone marrow—
derived hematopoietic
stem cells

Purified bone marrow—
derived hematopoietic
stemn cells

Peripheral-blood stem
cells

Maobilized and purified
human peripheral-
blood-derived
angioblasts

Bone marrow cells

Purified bone marrow—
derived hematopoietic
stem cells

Eone marrow or
peripheral-blood cells

Route of Cell
Application

Intracardial

Intravenous

MNA

Intravenous

Intracoronary

Intramyocardial

Intracoronary
infusion

Outcome

Study

Reduction of infarcted area, Orlic et al.2®
improved cardiac hemo-

dynamics

Generation of donor-derived Jackson et al.1e
cardiomyocytes and endo-

thelial cells

Decrease in infarct size and Orlic et al.2s
mortality, increase in ejection
fraction, improvement in

hemaodynamics

Stimulation of neovascularization  Kocher et al.24
and angiogenesis in infarcted

region

Decreased infarct size, improved  Strauer et al 43
ventricular function and myo-

cardial perfusiony

Enhanced leftventricular function, Stamm et al 44
improved infarct tissue per-

fusion:

Assmus et al 45

Improved left ventricular ejection
fraction, improved regional
wall motion in infarct zoneT




Table 2. Potential Clinical Applications of Hematopoietic Tissue-Derived Adult Stem Cells for Tissue Repair or Replacement.*

Disease or Category

Osteogenesis
imperfecta

Tyrosinemia type |

(liver)

Hepatitis B or C

Liver cirrhosis

lschemic heart
disease

Impaired cardiac

angiogenic func-
tion associated

with aging

Chronic limb
ischemia

lschemic vascular

disease

Model

Clinical BMT
(allogeneic)

Experimental EMT

Experimental BMT

or peripheral-
blood SCT

Experimental BMT

or peripheral-
blood SCT

Clinical BMT
(autologous)

Clinical BMT
(autologous)

Experimental EMT

Clinical BMT
(autologous)

GM-CSF=induced

experimental
sterm-cell
mabilization

Stem-Cell Source

Bone marrow cells

Purified bone marrow—
derived hematopoietic
stem cells

Interferon-B—transfectad
bone marrow—derived
or peripheral-blood-
derived stem cells

HGF-transfected bone
marrow—derived or
peripheral-blood-

Aderivad ctem ralle

Bane marrow cells
Baone marrow cells

Bane marrow cells

Bone marrow cells

Peripheral-blood—derived
endothelial progenitor
cells

Route of Cell
Application

Intravenous

Intravenous

Intravenous

Intravenous

Intramyocardial
Intramyocardial

Intravenous

Intramuscular
injection in
ischemic leg

NA

Qutcome

Increased total-body bone mineral

content

Correction of metabaolic liver
disease

Profoundly reduced viremia
invivo

Inhibition of fibrincgenesis
and apoptosis, resolution
of hepatic fibrosis

Improved myocardial perfusion
and function

Improved myocardial perfusion
and left ventricular function

Improvement of aging-impaired
cardiac angiogenic function

Improvement in ankle-brachial
index, pain at rest, and pain-
free walking time

Improved neovascularization of
ischemic tissues

Study

Horwitz et al.27

Lagasse et al.13

Eto and
Takahashi+

ek et al 42

Tse et al 4¢
Perin et al 47

Edelberg et al 42

Tateishi-Yuyama
et al.42

Takahashi
et al.23




Table 2. (Continued.)

Disease Category Maodel

Ischemic retinop-
athy

Experimental BMT

Experimental BMT

Duchenne's muscu- Experimental BMT
lar dystrophy

Clinical BMT
(allogeneic)

Lung diseases with
extensive alveolar
damage

Experimental BMT

Renal diseases in-
volving glomer-
ular mesangial
tissue

Experimental BMT

Route of Cell
Stem-Cell Source Application
Purified bone marrow— Intravitreal
derived hematopoietic
stem cells and endo-
thelial progenitor cells
Single hematopaietic Intravenous
stem cells
Purified bone marrow— Intravenous
derived hematopoietic
stem cells
Bone marrow cells Intravenous
Single hematopaietic Intravenous
stem cells
Clonal population of cells  Intravenous

derived from a single
hematopoietic stem cell

Outcome

Improved retinal angiogenesis

Induction of retinal neovascular-
ization

Partial restoration of dystrophin
expression in the affected
muscle

Partial restoration of dystrophin
expression in the affected
muscle

Generation of alveolar type I
prneumocytes

Generation of glomerular mesan-

gial cells

Study

Otani et al 5

Grant et al.1®

Gussoni et al.22

Gussoni et al 5t

Krause et al .18

Masuya et al .20




Table 2. (Continued.)

Disease Category

Neurodegenerative
diseases

Middle-cerebral-
artery occlusion
(stroke)

Route of Cell
Model Stemn-Cell Source Application
Experimental BMT Bone marrow cells Intraperitoneal
Experimental BMT Bone marrow cells Intravenous
Clinical BMT Bone marrow cells Intravenous
(allogeneic)
Clinical BMT Bone marrow cells Intravenous
(allogeneic)
Experimental Stem cells derived from  Intravenous

card-blood
transplanta-
tion

umbilical-cord blaod

Outcome
Generation of cells expressing
neuronal markers

Generation of cells expressing
neuronal markers

Generation of cells expressing
neuronal markers

Possible formation of Purkinje
neurons

Improved functional recovery
from neurclogic deficit

Study

Mezey et al.®

Brazelton et al.2©

Mezey et al .32

Weimann et al .33

Chen et al 52




Trandational Study in Stem Cell Therapy

e Preclinical invivo studiesfail to show
similar findings in large animals, including
non-human primates

* No confirmation on validity of many
clinical results as of yet

e Limitationsin ID of chimeric cells



Stem Cell Therapy in Myocardial Ischemia
Cell Types

myogenesis angiogenesis

()Skeletal Myoblasts/Cardimyocytes (+) (-)
(IDBone Marrow Stem Cells
(l)unselected mononuclear cells
(2)CD34+ / CD133+ cells (+)
(3)mesenchymal stem cells (+) (-)
(4)MAPCs (+) (+)



Myocardial I nfarction asa Model of Adult
Stem Céll Therapy (1)

(1) Cells

Resour ces cell separation  culture corelab

1.BM mononuclear cells : : no

2.BM CD34+ /133 +cells clinimax - ?

3.PB CD34+ / 133+ cells +leucopheresis

4.BM CD34- cdlls clinimax short-term ?

5.BM mesenchymal SCs clinimax long-term  yes
(Ogiris)

6.BM MAPCs clinimax long-term  yes

(Athersys)



Myocardial Infarction asa Mode of Adult
Stem Céll Therapy (I1)

(11) Cell Administration

1. thoracotomy and trans-epicardial 1njection
2. Intra-coronary infusion

3. electric mechanical mapping and injection
4. systemic injection



Human Studies

Author Cell Administration Results

(1)Stamm BM/AC133 epicardial Good(6pts)
(Lancet) (+bypass surgery)

(2)Tse BM/MNCs endocardial Good(8pts)
(Lancet)

(3)Assmus. BM/PB/CD34+ intracoronary Good(20pts)
(Circulation)

(4)Osiris allo/MSCs epicardial Good

(multi-ctrs)
(5)Galinanes. auto/BM ? Good(14pts)

(Am Heart Ass)




Cell Number

Group Cell Resources Cell expansion Cell No.
Stamm et al AC 133 BM 100-200ml none 1-2x106
Tse et al MNCs BM 40ml none 1-2x10/
Assmus et al CD34 PB 250m| x3d 7.35 7.31x10°

Osiris MSC BM 100ml x3wk 108




Cell Number: how many we need?

Heart: 250 gm
Size of infarction: 10-25 gm

AC 133 cellsinfused: 0.001 gm (1x10°)
CD34 cell infused: 0.01 gm (1x107)
MNCsinfused: 0.01-2 gm (1-2x10/)
MSC infused: 0.1 gm (1x108)



Cell Expansion

(1)CD34/CD133: Many studies are undergoing in
European countries.

(2)Mesenchymal stem cells : Well-established by
Odiris.

(3)MAPCs: Athersysisnow developing.



Cell Expansion vs. No Expansion

(1)Advantage of Expansion
. Cell number can be more sufficient

(2)Disadvantage of Expansion
GTP needed
e Problem of contamination
« Side-effect from growth factors
e Costjumps
GTP
Culture
Growth factors
Man powers

(3)Clinical outcome is truly better?



Clinical Autologous Cell Transplantation

Skeletal myoblasts Systemic injection

Circulating \\ /: Intracoronary injection

progenitor cells
39,

Unselected ‘ X Transendocardial
mononuclear cells ‘\‘ catheter delivery —» 7
N
S

&
" Surgical implantation &

A‘ CABG

Hematopoietic
stem cells

Mesenchymal Surgical implantation

.~ — alone
stem cells



Reguirementsto Conduct a Good
Clinical Trial in Céll Therapy

1. Multi-Center study: to obtain a significant patient
number
2. Corelab(s): GTP lab, Bioreactors (?)
guality control
money saving
3. Research wards



Reportswhich question plasticity

e 2 reportsin 2002 (both in Science)

— Castro et al: no donor-derived neurons seen
after BMT In mice

 Purified and unfractionated BM used
— Wagers (Welssman) et a: single HSC
transplantation in mice
* Repliesfrom 3 groups: sensitivity/specifi-
city depends on experimental system



Cdl Fusion

e Nature 2002 & 2003 [3 articles]: BM T-derived
hepatocyte<-cell fusion (used DNA ploidy as
proof)

— However, hepatocytes can be polyploid
— Numerous other studies show diploid donor-derived
cellsin host solid organs

e Fusionislikely 1 of several mechanisms for
Incorporating donor cells
— May be an ongoing physiologic repair mechanism
— Datafrom liver models may not be applicable to other

solid-organ tissues

e Requiresrigorous criteriato distinguish between
transdifferentiation vs cell fusion



Stem Cell Competition

2002. 7. 4)



What about embryonic stem cells?

— Superior in its differentiation ability after
ex VIVo expansion when compared to in
vivo differentiation ability of HSCs

—Not superior to MAPC since formation of
teratomas Is amaor concern



Conclusion
e HSCs:
— Distributors of hematopoietic progenitor cells

— Systemic supplier of progenitor cellsfor
homeostasis of solid organs

* Need to learn how to direct circulating
blood SCsto areas of injured or diseased
organs

e Obstacles remain, including
misinterpretation of data
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