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C
onserved M

echanism
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of Stem
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ell C
ontrol 

and Regeneration

O
V

ER
V

IEW
 

C
oordinated by the U

W
 Stem

 C
ell and Regenerative 

M
edicine C

enter and the BioPharm
aceutical Technology 

C
enter Institute (BTCI), this sym

posium
 brings together 

w
orld leaders in the area of stem

 cell regulation and tissue 
regeneration.  Th e focus is on basic m

olecular m
echanism

s 
that are broadly conserved across species and likely to be of 
clinical signifi cance.
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Regulation of stem
 cells by chrom

atin and com
petition

Todd N
ystul, M

ichael Buszczak, Lucy M
orris, D

on Fox and 
A

llan Spradling, H
H

M
I/Em

bryology, C
arnegie Institution, 

Baltim
ore M

D
 21218

Adult stem
 cells hold a special status as relatively undiff erentiated, long-

term
 tissue progenitors that can undergo asym

m
etric, self-renew

ing 
divisions. W

e have identifi ed a novel D
rosophila gene, scra

w
n

y, that 
encodes an H

2B ubiquitin-specifi c protease. Scra
w

n
y m

utant anim
als 

prem
aturely lose m

any kinds of stem
 cells, suggesting that H

2B deubiq-
uitination is a w

idespread m
echanism

 for suppressing prem
ature stem

 
cell diff erentiation. A

lthough stem
 cells m

aintain tissue structure over 
the adult lifetim

e, m
any individual D

rosophila stem
 cells are regularly 

replaced w
ithin their niches by the daughters of neighboring stem

 cells. 
W

e studied long distance replacem
ent using the follicle stem

 cells (FSCs), 
w

hich are located laterally in exactly tw
o single-cell niches on opposite 

sides of the germ
arium

. FSC daughters frequently m
igrate laterally across 

the w
idth of the germ

arium
 w

here they target the opposite FSC niche. 
Cross-m

igrating daughters usually fail to take up niche residence, but 
instead diff erentiate and contribute to the follicular epithelium

. About 
5%

 of the tim
e, how

ever, they displace the resident FSC, rem
ain in the 

niche and function as active stem
 cells. Stem

 cell com
petition m

ay be 
a com

m
on and selectively advantageous adaptation that reduces the 

chance that deleterious m
utations w

ill be m
aintained in stem

 cells and 
the tissues cells they support. O

ur studies also show
 that m

utations can 
arise that cause m

utant stem
 cells to preferentially replace w

ild type stem
 

cells. Th ese “hyper-replacer” m
utations m

ay be able to spread from
 one 

niche to another until they com
prise a substantial portion of tissue and 

m
ight represent an im

portant new
 class of precancerous lesion. 

N
ystul, T. and Spradling, A

.C. (2007). A
n epithelial niche in the 

D
rosophila ovary undergoes long range stem

 cell replacem
ent. C

ell Stem
 

C
ell 1, 277–285.

M
olecular controls of C

. elegans germ
line stem

 cells: 
W

nt signaling, N
otch signaling and an RN

A
/M

A
PK 

regulatory netw
ork

Judith K
im

ble, D
epartm

ent of Biochem
istry, U

niversity of W
isconsin-

M
adison and H

H
M

I, M
adison, W

I 53706
Th e nem

atode C
. elega

n
s has proven to be a prem

ier m
odel for discovery 

of fundam
ental regulatory m

echanism
s that are used broadly throughout 

the anim
al kingdom

, including hum
ans. W

ell know
n exam

ples include 
regulators of cell death and RN

A
i. Stem

 cell controls are no exception. 
Th e concept of a “stem

 cell niche” w
as originally derived from

 studies 
of vertebrate blood stem

 cells, but the fi rst cellular candidate for a stem
 

cell niche w
as the C

. elega
n

s “distal tip cell”. Th e distal tip cell (D
TC) 

is a single m
esenchym

al cell that is both necessary and suffi  cient for 
m

aintenance of germ
line stem

 cells. Th e specifi cation of D
TCs relies on 

W
nt signaling during early developm

ent, and the m
aintenance of stem

 
cells by D

TCs relies on N
otch signaling, both during developm

ental 
proliferation and adult hom

eostasis. Th e D
TC expresses the LAG

-2 
D

SL ligand, and germ
line stem

 cells (G
SC) express the G

LP-1 N
otch 

receptor and transcription factors dedicated to the N
otch pathw

ay. W
hen 

N
otch signaling is elim

inated, G
SCs are lost; w

hen N
otch signaling is 

unregulated, G
SCs form

 a germ
line tum

or. W
e are just beginning to 

learn how
 N

otch signaling controls stem
 cell m

aintenance. Indeed, 
N

otch signaling prom
otes the transcriptional activation of tw

o M
A

PK 
regulators. O

ne such regulator is FBF-2, a PU
F RN

A-binding protein that 
represses M

A
PK m

RN
A

; the other is LIP-1, a hom
olog of M

KP/D
SP dual 

specifi city phosphatases that inhibit M
A

PK activity. In vertebrates, N
otch 

signaling has been im
plicated in the control of neural and hem

atopoietic 

stem
 cells, and M

A
PK has been im

plicated in controls of both grow
th 

and diff erentiation. O
ur analysis of the regulatory netw

ork controlling C
. 

elega
n

s G
SCs is therefore likely to have im

portant parallels for stem
 cell 

controls broadly in the anim
al kingdom

.

 Stem
 cells from

 the m
am

m
alian blastocyst- not all 

 stem
 cells are alike

 Janet Rossant,  SickK
ids Research Institute and the D

epartm
ent of 

M
olecular G

enetics,  U
niversity of Toronto

 Th ree types of perm
anent cell lines can be derived from

 the m
ouse 

blastocyst;  em
bryonic stem

 (ES) cells,  trophoblast stem
 (TS) cells and 

extraem
bryonic endoderm

 (XEN
) cells. A

ll three express m
arkers 

and show
 properties in chim

eras consistent w
ith their origin from

 
the epiblast,  trophectoderm

 and prim
itive endoderm

 lineages of the 
blastocyst respectively. Key lineage-specifi c transcription factors,  such 
as O

ct4/Sox2,  C
dx2 and G

ATA
6/Sox7 determ

ine their fate. A
ltered 

expression of these factors can reprogram
 ES cells to TS or XEN

 cells. 
Th is direct parallel betw

een lineage specifi cation in the em
bryo and stem

 
cell behavior in

 vitro allow
s experim

ental cross-talk betw
een cell culture 

and em
bryonic developm

ent to provide new
 insights into stem

 cell fate. 
To date,  how

ever,  it has not proven possible to derive all three perm
anent 

progenitor cell lines from
 hum

an blastocysts. H
um

an ES cells seem
 to be 

less lineage-restricted than m
ouse ES cells,  producing som

e trophoblast 
and extraem

bryonic endoderm
 upon diff erentiation in

 vitro. W
e have 

developed a system
 to conditionally express lineage-specifi c transcription 

factors in hum
an ES cells and show

 that hum
an ES cells respond 

diff erently to m
ouse ES cells,  producing new

 progenitor cell lines w
ith 

properties of postim
plantation germ

 layers rather than extraem
bryonic 

cell types. Th ese studies and other published reports lead us to propose 
that there m

ay be m
ore than one stable pluripotent phenotype that can 

be derived from
 early em

bryos or germ
 cells. U

nderstanding the lineage 
origin of stem

 cells is im
portant in order to understand the starting point 

for driving their diff erentiation into cell types of therapeutic im
portance.

 Transcriptional Regulatory C
ircuitry of H

um
an Em

bryonic 
Stem

 C
ells

 Richard Young,  W
hitehead Institute and M

IT
 Th e capacity of em

bryonic stem
 cells to self-renew

 and to give rise to 
virtually all som

atic lineages holds m
uch prom

ise for hum
an regenerative 

m
edicine. Recent studies have show

n that som
atic cells can be 

reprogram
m

ed into an em
bryonic stem

 cell-like state. W
e are m

apping 
the regulatory circuitry of these cells by investigating how

 transcription 
factors,  chrom

atin regulators,  sm
all RN

As and signaling pathw
ays 

control the gene expression program
s responsible for self-renew

al 
and pluripotency. W

e are also investigating how
 genom

e expression 
is reprogram

m
ed to produce new

 cell states. N
ew

 insights into global 
control m

echanism
s w

ill be discussed.

 Stem
 C

ells and Regeneration in the Planarian Schm
idtea 

m
editerranea

 A
lejandro Sánchez A

lvarado,  H
oward H

ughes M
edical Institute, 

 D
epartm

ent of N
eurobiology and A

natom
y,  U

niversity of U
tah School 

of M
edicine

 Th e problem
 of regeneration is fundam

entally a problem
 of tissue 

hom
eostasis that involves either the replacem

ent of cells due to norm
al 

“wear and tear” (cell turnover),  or the replacem
ent of cells aft er injury. 

Th is is particularly signifi cant for organism
s possessing relatively long 

life spans,  in w
hich m

aintenance of all body parts and their functional 
integration is required for m

any years in order for the individual to thrive. 
Replacem

ent of diff erentiated cells,  therefore,  is a m
ajor challenge all 

m
ulticellular organism

s m
ust face. H

um
ans, for exam

ple, w
ith an average 

life span of 80 years m
ust replace billions of cells lost to cell turnover 

every day. D
espite the im

portance of tissue hom
eostatic processes to 

hum
an biology and health, relatively little is know

n about how
 adult tissue 

hom
eostasis is controlled. G

aining m
echanistic insight on these problem

s 
requires the identifi cation of a m

odel organism
 in w

hich these issues can 
be easily dissected and rapidly understood. Key m

olecular insights can be 
obtained by studying sim

pler anim
als since cellular diff erentiation events 

are know
n to be ancient evolutionary inventions and tissue replacem

ent 
is broadly distributed am

ong m
ulticellular life form

s. Planarians provide a 
unique and experim

entally tractable system
 for studying such hom

eostatic, 
regenerative processes: all tissues are regulated in the adult, and tissue 
turnover is robust and rapid (as little as 7-10 days). H

ere, I w
ill discuss how

 
the study of a sim

ple m
etazoan, the planarian Schm

idtea m
editerranea, 

is beginning to shed light on the w
ay adult anim

als regulate tissue 
hom

eostasis and the replacem
ent of body parts lost to injury. 

M
echanism

s guiding organ regeneration in zebrafi sh
K

enneth D
. Poss, A

ssistant Professor, C
ell Biology, D

uke U
niversity

C
ertain non-m

am
m

alian vertebrates like urodele am
phibians and teleost 

fi sh regenerate com
plex tissues m

uch m
ore eff ectively than m

am
m

als, 
creating tantalizing exam

ples of successful organ regeneration.  Zebrafi sh 
are extraordinarily regenerative, equipped to renew

 am
putated fi ns, 

injured retinae, a severed spinal cord, and lost cardiac m
uscle; plus, they 

are am
enable to both forw

ard and reverse genetic approaches. Current 
goals in the fi eld are to uncover the responsible cellular m

echanism
s, and 

to develop and use tools for high-resolution interrogation of regenerative 
events at the m

olecular level.  Zebrafi sh heart regeneration is particularly 
interesting, since the m

am
m

alian heart show
s little or no regeneration 

aft er injury. In our analysis of zebrafi sh heart regeneration, w
e have found 

evidence that undiff erentiated progenitor cells help build new
 m

uscle aft er 
m

echanical injury, and that this activity is facilitated by dynam
ic responses 

of the epicardial cell layer surrounding the heart.  W
e are continuing to 

pursue the cellular origin of regenerated m
uscle, and to identify m

olecules 
synthesized in the epicardium

 and other cardiac cell types that infl uence 
the success of regeneration. Th rough these investigations, new

 insights 
into heart regeneration w

ill be revealed that have the potential to im
pact 

regenerative m
edicine. 

The loss of N
f1 transiently prom

otes self-renew
al but not 

tum
origenesis by neural crest stem

 cells
N

ancy M
. Joseph, Jack T. M

osher, and Sean J. M
orrison, C

enter for 
Stem

 C
ell Biology, H

oward H
ughes M

edical Institute, and Life Sciences 
Institute, U

niversity of M
ichigan, A

nn A
rbor, M

I, 48109-2216
Cancers are oft en proposed to arise from

 stem
 cells that have been 

transform
ed by m

utations that inappropriately activate self-renew
al 

m
echanism

s. In the peripheral nervous system
 (PN

S), a congenital 
disorder called neurofi brom

atosis type I is caused by the loss of the 
n

eu
ro

fi b
ro

m
in

 (N
f1

) tum
or suppressor, leading to the form

ation of 
PN

S tum
ors including neurofi brom

as and m
alignant peripheral nerve 

sheath tum
ors (M

PN
STs). A

 long-standing question has been w
hether 

these tum
ors arise from

 neural crest stem
 cells (N

CSCs) or diff erentiated 
glia. G

erm
line or conditional N

f1 defi ciency caused a transient increase 
in N

CSC frequency and self-renew
al in m

ost regions of the fetal PN
S. 

H
ow

ever, N
f1-defi cient N

CSCs did not persist postnatally in regions 
of the PN

S that developed tum
ors, and could not form

 tum
ors upon 

transplantation into adult nerves. Adult P
0
a

-C
re

+N
f1

fl /– m
ice developed 

neurofi brom
as, and N

f1
+

/–In
k
4
a

/A
rf

–/– and N
f1

/p
5
3

+
/– m

ice developed 
M

PN
STs, but N

CSCs did not persist postnatally in aff ected locations in 
these m

ice. Instead, M
PN

STs and plexiform
 neurofi brom

as appeared 
to arise from

 diff erentiated glia that began proliferating inappropriately 
postnatally or during adulthood. Cancer and benign tum

ors in the PN
S 

can therefore arise from
 diff erentiated glia.

BTCI is pleased to announce the 
7th A

nnual International Bioethics Forum
: 

Evolution in the 21st C
entury

April 17–18, 2008

Please visit w
w

w.btci.org for m
ore inform

ation. 
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