K £

FA (FHTEH)

&5

TR

== 3R A

FAFEE O QA

FAEEOEMS

mXBEEEER

BRI K

Bt (EH%)

IR 967 &

¥kl 84 3H24H

EmB AR SHEBFEEK

ARG 6 % 1 THE Y

Regulation of oligodendrogenesis in the developing

forebrain

* T =
Bz
B
iR

HAE
to
EH
Al

L gt
—
FZ
A (RERIIER K

— 253 —




MXABDEE
Reguration of oligodendrogenesis in the developing forebrain

The mammalian brain is composed of neurons, astrocytes and oligodendrocytes, which
are generated from selfrenewing neural stem cells under the regulation of a variety of extrinsic
signals. Neural stem cells give rise first to a variety of neurons and then switch to produce
astrocytes and oligodendrocytes. Several extrinsic factors are known to regulate glial induction,
differentiation, and maturation from neural stem/progenitor cells, for example, bone
morphogenetic protein 2 (BMP-2), fibroblast growth factor 2 (FGE2), and Sonic hedgehog
(Shh). In this study, she tried to clarify these two questions concerning the regulation of
oligodendrocyte generation, differentiation, and maturation. In the first part of this study, she
answered the first question; whether or not cystatin C regulates oligodendrocytic differentiation
in addition to astrocytic differentiation during gliogenesis in embryonic stage of the brain. In the
latter part of her study, she investigated why the embryonic dorsal neural stem/progenitor cells
do not generate oligodendrocyte progenitorsin vivo.

Cystatin C, an endogenous cystein protease inhibitor, was originally identified as a
factor promoting astrocyte development their laboratory, and it was also reported that cystatin C
has a role in regulating the proliferation of adult neural stem cells as a cofactor of FGF-2. Given
cystatin C promotes neural stem cells proliferation and induces the differentiation towards
astrocytes, it may also affect the induction, proliferation or maturation of oligodendrocytes. She
hypothesizes that cystatin C regulates oligodendrocyte differentiation in early embryonic stage,
when glial induction and fate determination occur. To examine this hypothesis, she used
dissociation cell culture and neurosphere culture of E14.5 mouse ganglionic eminence.
Treatment with an anti-cystatin C neutralizing antibody into dissociation cell culture increased
the number of PDGFRa oligodendrocyte progenitors and O4* oligodendrocyte, and in contrast,
addition of exogenous cystatin C suppressed O4" oligodendrocytes differentiation from
neurospheres derived from embryonic neural stem cells. These results suggested that cystatin C
suppressed the differentiation of oligodendrocyte progenitors.

During embryonic development, oligodendrocyte progenitors appear from the ventral
part of the spinal cord and forebrain under the regulation of Shhand migrated tangentially into
the dorsal part. Nkx2.1 is an upstream factor that plays a critical role in the induction of Shh,
especially in the forebrain. Nkx2.1-deficient mouse, in which telencephalic expression of Shh
is selectively lost, demonstrates that early oligodendrocyte progenitors are lostin vivo.
However, oligodendrocyte progenitors were generatedin vitro culture from Nkx2.1-deficient
mouse ventral forebrain, suggesting that an alternative pathway for oligodendrocyte
progenitor generation may exist. Indeed, in vitro treatment of dorsal neuroepithelial cells with
FGF-2 resulted in the oligodendrocyte progenitors. To investigate whether or not dorsal
induction of oligodendrocyte progenitors occurs in vivo by FGF-2, she used in utero
microinjection technique and injected FGF-2 into the lateral ventricles of mouse fetal
forebrain. A single injection of FGF-2 at E13.5 resulted in the generation of Olig2" or
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PDGFRabligodendrocyte progenitors in the dorsal ventricular zone at E15.5, and the
oligodendrocyte progenitors, which were generated from dorsal ventricular zone, matured into
04" early oligodendrocytes in vitro. These findings suggest that embryonic dorsal neural
stem/precursor cells can generate oligodendrocyte progenitors under the influence of
increased levels of FGE2. In utero microinjection of FGF-2 into lateral ventricles did not
induce dorsal expression of Shh, Patchedl or Nkx2.1. Furthermore, in utero microinjection of
Shh into the lateral ventricles of B13.5 mouse forebrain did not induce oligodendrocyte
progenitor cell generation from the dorsal forebrain, suggesting that Shh signaling is not
involved in this FGE-2-mediated dorsal induction of oligodendrocyte progenitors. These
results demonstrate that the dorsal neuroepithelial cellsin vivo have a potential to generate
oligodendrocyte progenitorssimply by increasing the concentration FGR2.

In conclusion her studies suggest that cystatin C and FGE2 have opposite activities
for oligodendrocyte differentiation; cystatin C suppresses differentiation of oligodendrocyte
progenitors from ventral neuroepithelial cells in vitro and FGF-2 induces the oligodendrocyte
generation from dorsal neuroepthelial cells in vivo. The oligodendrocyte development is

under the regulation of bya series of extrinsic factors including cystatin C and FGE-2.
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AVITForadAMI, B MEAERIVEAELEN~BI LN SEIZIENDLE 2L .
NTWa, ZOHIHEFEL T, ZNETIZ Sonic hedgehog (Shh). bone morphogenetic
protein (BMP) %4k « 2[R+ B ME I T3, KA EIL. cystatin C & fibroblast
growth factor 2 (FGF-2)0A VT F U R AbF 4 Ll B REZR T LI O TH D,

cystatin C (X, 7AraH A O S{LFERER FLL TEH < ME cystein protease
inhibitor THY., FGF-2 @ co-factor & L TR MR &M g iosf L CHEMIREEN A T5
TERMESATVWER, AVIFURaY A h~DIERAIRXTBA ThHoT, Il 145 BiO
ganglionic eminence OHifd% M 72 neurosphere assay #3Z/8-72&Z 5, cystatin C
% primary neurosphere O# % 8 (K 77 092 N & 7243, primary neurosphere 236453
LT B4V F oRad A OBITE D S, FlaE 14.5 B E O H) R 5 BEE % I cystatin
CoORFMPIEZEMTEE, AV TF o Rad A MOBITEZ MU0, M E b
IFEEENR o, ThBDRE R LY, cystatin C AV F o RadA b~ 5 bZ T2
ER R SENRBINT,

FGF-2 i3EMBEOMBIVAVIF U RadA iR MR OEALFETLHEN in vitro
DEBRTWEIN TS, EAEWIZ FGF-2 1I3H FIZFELTEY, FGF-2, FGF receptor
HCEM O AR TERUMERB BN CORADBEIND, B 13.5 HEORMNEITS
FIRED FGF-2%2FERNEEL, B 165 AMETRASELHZIZBrdU 2R 5L, Ml
W OB EERRELEEZA, FGF-2 S MIZ T, BTN =B /IME T B IcB W Tl
HETE AR E T L T, 208 1556 BicRB W T, AV F R A MR MR 0=
——Th5b Olig2t PDGFRa D38 % in situ hybridization JEIZEVRFILIZEZAL E
HWRBAFOBIZEBWT, Olig2, PDGFRa 5 M BEIZMKZE B ICIRBESh2R20Vnollx LT,
FOGF-2 B 5 WM TIZE MM E B ICEFTED Olig2, PDGFRa B MR BB EINE, 208
R IV FGF-2 2 in vivo CERMERMIRLVAVI TP A MRTEEM I O R AL 2 E T
HIEMWEEOEIGRBR I, EMNHEEHIC Shh signal ICB#E 585 FRIABRFTHICHE
BINHHEIRL FLBFEDO Shh AIMER S I THERMEB MR OAVITT AR
Y AMTEEM R OR AEZFETEHI LI R R -T2, TNODOFE RIZEY, in vivo TFGF-2
23, Shh (ZIERF R A VT T U Fah AT MR FEE LR OFEN RSN, BAER
/A 442 I D R AR B A BRI B FE A SN B T LT B STV
HIlEBEZADLERE, AHROMKRIL. FMHERKOAVIT T Rt MaTBEHEE O 5 A 5
FGF-2 IZE-> CHHEINDFIREMEZ R L TV,

PLEDISIZ, BMXiE, RERBPBORINBZ WAV TP AMREABRICELT, ¥
RBEBEPOOREDOS THFEHRATLIAENREROIENAERLIZLDOTHY ERILH/IT
BB, Fo T HFEZBRIT,. 2B BT AR XPFEMMALEL THRIE LS D THHEH B
L7z,
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