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Qur research interest is to
characterize functional nolecul es of
stemcells, particularly 1) signaling
nol ecul es that regulate proliferation
and differentiation of stemcells, and
2) genetic manipul ation of stemcells
by appropriate gene transfer system
For this purpose, we are focusing on;
1) the nmechanism of self-renewal in
enbryonic stemcells, 2) ex vivo
expansi on of hematopoietic stemcells
usi ng chimeric cytokine receptor
transgenic mce, 3) identification of
master regul ator(s) for pronephric
tubul es formation using ani mal caps of
Xenopus enbryos, and 4) identification
of self-renewal nolecule(s) for neura
stem cel | s.
Functional cells of blood, inmune
system nervous system and skin have a
relatively short life conmpared to an
i ndividual. To supply these cells,
functional cells are nmaintai ned and
generated from stemcells of various
I i neage during enbryoni c devel opnent
or adult, resulting in the formation,
mai nt enance, repair and regeneration
of tissues and organs. Stemcells are
defined by virtue of their functiona
attributes as (a) undifferentiated
cells (i.e. lacking certain tissue
specific differentiation markers), (b)
capabl e of proliferation, (c) able to
sel f-mai ntain the popul ation
(self-renewal), (d) able to produce a
| arge nunber of differentiated,
functional progeny, (e) able to
regenerate the tissue after injury,
and (f) flexible use of these options.

A maj or inpetus here has been the
desire to identify these stemcells in
tissues so that strategies for
targeting these permanent |ineage
ancestor cells for gene therapy may be
devel oped. Al so there has been an

i ncreased interest in manipulating the
tissue stemcells in various clinica
situations including, for exanple, the
normal tissue stemcells during cancer
therapy. It is still not possible to
identify stemcells in npst tissues

ei ther by their norphol ogi ca
characteristics or by the use of a
specific marker. Nunmerous attenpts
have been nmade to find stem cel
specific markers, but the problem here
may be that what characterizes these
cells is nore likely to be the absence
of specific features than the presence
of something that can be identified by
a marker or probe. So far, there are
no established stemcell lines and
self-renewal factors for stemcells,
except enbryonic stem (ES) cells and

| eukem a inhibitory factor (LIF),
respectively. Therefore,
identification, establishment and in
vitro expansion of stemcells is
essential not only for analyzing their
sel f-renewal mechanism but also for a
variety of clinical applications, such
as bone marrow transpl antation, tissue
regeneration, and gene therapy.

We have been investigating (1) the
mechani sm of self-renewal in ES cells
using chineric receptor approach, (2)
ex vivo expansi on of henmatopoietic
stemcells (HSC) using chimeric
receptor transgenic mce, (3)



i nvol venent of Jak/ STAT pat hway in
ventralization of Xenopus enbryos and
identification of naster regul ator(s)
for pronephric tubules formation using
ani mal caps of Xenopus enbryos, and

(4) identification and establishment
of neural stemcells from nmuse feta
brai n.

1. Analyses of self-renewal and
differentiation in embryonic stem
cells and nmyeloid | eukemi c cel
lines

a. A selective switch-on system
for self-renewal of embryonic
stem cells using chimeric
cytokine receptors
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Propagati on of enmbryonic stem (ES)
cells with an undifferentiated

pl uri potential phenotype depends on

| eukemi a inhibitory factor (LIF). The
LI F receptor conplex is conposed of a
het erodi mer of LIF receptor b (LIFRD)
and gpl30. To activate LIFR signaling
pat hways i ndependently from endogenous
ones, we constructed chinmeric
receptors by linking the extracellular
domai n of human granul ocyt e- nacr ophage
col ony-stimul ati ng factor (G CSF)
receptor a or b (hGvWRa or b) to the
transnmenbrane and cytopl asm c regions
of either mouse LIFRb or gpl130. The
chimeric receptors, hGvRa/nLl FR + hGWR
b/ ngpl130 or hGVWRa/ngpl30 + hGWR

b/ mgp130, but not hGWRa/nLl FR + hGWR
b/ M.l FR, preserved the self-renewa
activity in AB ES cells. Al of these
chimeric receptors were phosphoryl at ed
after hGVt CSF stimul ation, w thout
phosphoryl ati on of endogenous gpl130.
Phosphoryl ati on of the signa
transducer and activator of

transcription 3 (STAT3) through
chimeric receptors correlated with the
undi fferenti ated phenotype.

Therefore, these chinmeric receptors
prove useful to analyze nmechani sns of
the self-renewal of ES cells.

b. STAT3 activation is
sufficient to maintain an
undi fferentiated state of
embryonic stem cells

Takahi ko Mat suda, Takanori Nakamural
Takao Arai 1, Toshi o Hei ke, Takashi
Yokot a:

We have previously reported that the
intracel lul ar domai n of gpl30 plays an
important role in self-renewal of ES
cells. In the present study, we
exam ned the signaling pathway through
whi ch gp130 contributes to the
self-renewal of ES cells. Mitationa
anal ysis of the cytoplasm c donain of
gpl30 reveal ed that the tyrosine
resi due of gpl30 responsible for STAT3
acitivation is necessary for
self-renewal of ES cells, while that
requi red for SHP2 and MAP ki nase
activation was di spensible. Next, we
constructed a fusion protein composed
of the entire coding region of STAT3
and the ligand binding domain of the
estrogen receptor. This construction
(STAT3ER) induced expression of junB
(one of the targets of STAT3) in ES
cells in the presence of synthetic
I'i gand 4- hydr oxyt amoxyfen (4HT),
thereby indicating that STAT3ER is a
conditionally active form ES cells
transfected with STAT3ER cultured in
the presence of 4HT, maintained the
undi fferentiated state. Taken
toget her, these results strongly
suggest that STAT3 activation is
required and sufficient to maintain
the undifferentiated state of ES
cells.

c. Cytoplasmi c domai ns of the



| eukem a i nhibitory factor
receptor required for STAT3
activation, and inducing

di fferentiation and growth arrest
of myeloid | eukem c cells
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Leukem a i nhibitory factor (LIF)
i nduces growt h arrest and nacrophage
di fferentiation of nmouse nyel oid
| eukenic cells through the functiona
LIF receptor (LIFR), which conprises a
het erodi neri ¢ conpl ex of the LIFR
subunit and gpl130. To identify the
regions within the cytoplasm c domain
of LIFR that generate the signals for
growm h arrest, nacrophage
differentiati on and STAT3 activation
i ndependently of gpl130, we constructed
chinmeric receptors by linking the
transnenbrane and intracell ul ar
regi ons of mouse LIFR to the
extracel |l ul ar domai ns of the human
gr anul ocyt e- nacr ophage
col ony-stimul ating factor receptor
(hGW CSFR) a and bc chains. Using the
full-length cytoplasm c domain and
mutants with progressive Ctermna
truncati ons or point rmutations, we
show that the two nenbrane-dista
tyrosines with the YXXQ notif of LIFR
are critical not only for STAT3
activation but also for growth arrest
and differentiation of WEH -3B D+
cells. A truncated STAT3 which acts
in a dom nant negative nmanner was
i ntroduced into VWEHI - 3B D+ cells
expressi ng GV CSFRa/ LI FR and GVt CSFR
bc/ LI FR. These cells were not induced
to differentiate by hGw CSF. The
results indicate that STAT3 pl ays
essential roles in the signals for
grom h arrest and differentiation
nmedi ated through LIFR

2. Controlled expansion of
primtive hematopoietic

progenitors through chimeric
granul ocyte-macrophage
colony-stinmulating factor (GM CSF)
-l eukem a inhibitory factor (LIF)
receptor expressed in transgenic
m ce
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The LIF receptor consists of the LIFRD
chain and gpl30, a signal transducing
receptor conponent which is known to
be essential for hematopoiesis. To
examne roles of LIFR signaling in
expansi on of primtive hematopoietic
progenitors, we generated transgenic
m ce expressing chineric receptors

whi ch conprise extracellul ar domains
of the human GW CSF receptor and
transnmenbr ane and cytopl asm ¢ donai ns
of the mouse LIF receptor. The
chinmeric receptor transgenic mce were
phenotypi cally normal, but when
treated in vivo wi th exogenous

hGw CSF, there was a marked increase
in CFU-M x, which gave rise to

mul tilineage henatopoietic colonies in
met hyl cel l ul ose culture, in either
bone marrow (BM or spleen. In vitro,
a conbi nati on of hGw CSF and stem cel
factor (SCF) induced exponentia
expansi ons of CFU-M x fromthe

I i neage-negative (Lin-), 5-FUresistant
BM cells of the chinmeric receptor
transgenic nmce in a serumfree
culture. The conbination of hGw CSF
and SCF was al so effective on
enriched, Lin- Sca-1+ c-kit+ BMcells
of the chimeric receptor transgenic

nm ce, and increased either CFU-Mx or
cobbl estone area formng cells (CAFC
wi th high hemat opoi etic activities.

In addition, CFU-Mx within the AGV



(aorta-gonads- nesonephros)regi on of
the chimeric receptor transgeni c nouse
enbryos al so increased in response to
hGw CSF. These data suggest that the
expansi on of henmatopoietic cells of
the chinmeric receptor transgenic mce
is controll abl e by exogenous hGw CSF
both in vivo and in vitro. Such
evi dence neans that the hGw CSFR-nLl FR
chimeric receptor may function as a
nol ecul ar switch for expansion of
primtive hematopoietic progenitors.

3. Organogenesis using Xenopus
embryos

a. Cytokine receptor gpl30
ventralizes Xenopus embryos

t hrough Stat3 and antagoni zes
Smad2 and Xwnt -8
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gpl30 is a receptor subunit shared by
mul tiple cytokines. To investigate the
role of this receptor in early

devel opnent, we introduced into
Xenopus enbryos chineric cytokine
receptors containing the intracellular
regi on of gpl30. Activation of the
receptors resulted in a dramatic
ventralization of enbryos. It also
ventralized dorsal marginal zone
explants and activin-treated ani nmal
caps. Miutation analysis of the
chimeric receptors revealed that the
ventralization correlated well with
Stat3 activation. This led to
identification of Xenopus Stat3, which
showed a 95% honol ogy to muri ne and
human counterparts at the am no acid

| evel , and was expressed fromthe
one-cel | stage throughout devel opnent.
A dom nant - negati ve Xenopus Stat3

i nhi bited the gpl30-nedi ated
ventralizing effect. Furthernmore gpl30

signaling inhibited the activin

pat hway downstream of Snad2 and al so
ant agoni zed the Xwnt-8 pat hway. This
ventralization mechani smproved to be
i ndependent of BMP-4. These data
suggest that a cytokine signaling
utilizing Stat3 is conserved anong
various species and functions to

nmodi fy dorsoventral patterning in
early devel opnent.

b. Identification of a Xenopus
pronephros-specific gene

Aki ra Sat 05, Yuko Mat sunpto, Makoto
Asashi ma5, Takashi Yokota, Ryuich
Ni shi nakanur a

Ani mal caps of Xenopus enbryos, which
are treated with activin and retinoic
acid, give rise to pronephric tubules.
We have used a cDNA library
subtraction nmethod to identify

nmol ecul ar markers of pronephros and
eventual |y essential nol ecul es for
pronephros devel opment. W recently

cl oned one gene (Senescence Marker

Pr ot ei n-30 (SMP30) honol ogue), which
was specifically expressed in
pronephros fromst. 30 throughout
early devel oprment. Aninmal caps treated
with activin and retinoic acid, but
not those treated with activin al one
or retinoic acid al one, expressed this
gene, indicating that it serves as a
good nar ker for pronephros fornation
though functions of this gene remain
unknown. We have isol ated an upstream
genonic region of this gene and are

pl anning to use it for luciferase
assays both in animal caps and in
whol e enbryos, to identify essential
regions for gene expression in

pr onephr os.

4. Self-renewal of neural stem
cells induced by activation of
| eukemi a i nhibitory factor
receptor (LIFR)
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The mammalian nulti-potential neura
stem cell s have | ong been thought to
exi st only during enbryogenesis.
However, recent evidence suggests that
the adult brain does indeed contain
nmul ti-potential neural stemcells.
These stemcells can proliferate in
t he presence of EG- and be passaged
continuously. It is well known that
several signal transduction pat hways
are activated after the stinmulation of
EGF receptor, i.e. Ras- MAPK, Jak/ STAT,
Pl 3 ki nase, PLC-g et al. Although
nuner ous experinents on EGF signa
transducti on have been perforned,
there is no report which signal is
involved in the self-renewal of neura
stemcells. STAT3 is well known to be
activated by EGF as well as
LIF-rel ated cytokines. LIF-related
cyt oki nes stinmul ated astrocyte
differentiati on and the direct
i nvol venent of STAT3 activation is
reveal ed. However, EG- does not
i nduce astrocyte differentiation, but
rat her maintains the self-renewal even
in the activation of STAT3. These
opposi te phenonena m ght be derived
fromdifferent culture conditions
(EGF: suspensi on cul ture, LIF:adherent
culture). Therefore, we exanined the
effect of LIFR signaling on the
sel f-renewal of neural stemcells in
suspension culture. To activate LIFR
at will, striatal neural stemcells
fromtransgeni c nouse enbryo, which
expresses chineric receptors
consi sting of human GV CSFR
extracel I ul ar domai n and nouse
LI FRo/ gpl130 intracel lular domain, were
prepared. hGWM CSF stimul ated the
sel f-renewal of neural stemcells, but
not so strongly as EG-. The forned
neur ospheres differentiated into
neurons, astrocytes and

ol i godendrocytes after the renoval of
hGvt CSF. These data inply that neura
stemcells can be maintatined in the
presence of LIF signaling as well as
EG-. Further analysis is under way.
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