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Roles of neurotrophic factors for the development of the rodent
cerebral cortex

Makoto OHMIYA

Abstract: Elucidation of molecular mechanisms and cellular processes during development of the nervous system is one of the
major targets of neuroscience, because of merit for understanding or treatment of neurological diseases. Neurotrophic factors are
thought to play a vital role during the course of constructing the cerebral cortex, but their actual functions in vivo remain unknown
except for patchy findings obtained from in vitro experiments. Recently, neural stem cells have been found even in the mature brain,
and their activation or proper differentiation is now expected to be useful for the clinical treatment of neurological diseases with
neuronal loss such as Parkinson’s disease or Alzheimer’s disease. This encouraged us to investigate the effects of neurotrophic
factors on neural stem cells. In the present study, we focused on the effects of neurotrophic factors on the developing rodent cerebral
cortex, especially using in vivo experimental techniques. The obtained results suggest that abnormal expression of particular
neurotrophic factors is responsible for brain malformation including hydrocephalus, and that timely- and spatially-regulated
expressioh of neurotrophic factors is important in normal development of the cerebral cortex.
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MRITIERICHETE L, TO®RMRMIRD DV ) T
~OGEDFRBF R EN, EDONIALE~LBET
5. R R RREOME, HREEEDOES,
HRMEE OV T T ABER L OBEEERS{LBRERT
AL, METIHRREEMATS. ZoMicE< OHila
N7 7T ABRAEOTEILE 2T, BREAHIRZT AL
B5. LnLZoBorae 2 dsbd LbaF L~ TH
LN >THELT, TOMAITHERFIIK SN RE
DOEDTHB.
MOFERGERIIKMEEOZNICEHENTEY, £<
O ESKMBEEIZAET bNTV D, KIMREIZE OWE
DB 6 SORBIHTEIN, I1EPL VIBOEBIC
TN ENBOTE L RHEEK L b ORIl E
REBBEINTVS. BERORBENET & SREED OHF
BREPEREN, TOWMITHOL LT EBINTES.
T OB, KRIBEE O RETER LR LT D R
#HEE LTS, M EFEATIIMEY ETESHEZED R
LAaRLoRL, MR~ do2MRBEETS.
ZOMBITE b ICHERONMGE~ LB L, BERER
(Primordium Plexiform Layer, preplate) W9 5.
TIMmBEH A= LY AL A (Cajal * Retzius : CR) HiRE
P EIDZ#E L Y7L — | (Subplate : SP) MR b
LTK 5. BEHETICE - - IRkl L
FEITHBNEABE (Ventricular Zone : VI) 2T 5.
PRSI RE (B CEREE) 2 Lo L ERRC, iR
ja, 7R ha¥dA RBIOAYITF Rada fenig
R REeHERT5 3 BEOMImCHELTE S (41
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Fig. 1 Self-renewal and Multipotency of Neural
Stem Cell
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Fig. 2 Cellular Lineage of Developing Cerebral Cortex
Abbreviations used : CR, Cajal-Retzius ; SP, subplate

Lol RoTE . MREERT & IIHEMIBICERLE
DETE, LI, RS EER B, FEMRaORE
MOMERE, BlcEI2BEBEZ a2 ba—AT55FE
EZLN TV, BEFER T NE TRO(CHERR
oL R E SR E L THLIFRShTEL
B, HR LT OMR RO LICET 5 mEA
BEBO L ZAEFICS L. AREILZ ORI OMER
ERFOBXICEALRKY, BICAKRTOERE DO
MOTRBRIIETTEEZRM LIZLOTHS. LTI
BREBERFOINETOMREEZERTDILICENT,
AFENRINE TCOEE LRI HRERBRFOHF LY
BEER o TV Z &, AFROKRISHRRERF OB
BEEIROIER TR L TWA Z L AR L2,
HRERFFOFEOBFIIHERERTF (nerve
growth factor: NGF ) ™3 RAZHEE 5. NGF X 1950 R0
MDIC R S, KT CRY BRI M E iR
DA TFHRPHBREIRIERA L L O EBRALMN
&his 9. LA L NGF OIERIMEORZEMRICIR O
THEY, BIrMaRaacEsRiac e FRZR
IFE NI END, ThbOMRMERICERT 2 RMET
NEET S LBESNT. RRAEERF%EHTNGF L
OER%Z bORFEHREEERTFLEAKI DL OICRY,
HLUCREREFOREBBAITORD L)Xk
7-. Barde & P IENGF (2R < 2 & B OMREERFL LT
B B 3k B8 & % % K F (brain—derived neurotrophic
factor: BDNF) #* Bifl L7-. BETREATORR, BDNF 23
NGF & # 50%D7 I / BESIREu Y —% b DI L AL
e P 77 I Y —%FERLTWAARESERSL
oL Mo BEPRFAERIRZER, L
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neurotrophin-3 ( NT-3 ) %9 NT-4/5'Y, NT-6'? 28% R,
SINDE-T. ZNOORFIFIMEIT 55% DT I/ Brfd
FlFreas—2FL, ca—w b 77—
mEanTna.

HxD=a—abar7r77 ) —HBERFHIER
THMRMIRIIHHREEFE L TEH Y, BDNF (X NGF [l
B, M Eh R B ARARRS, AR 2 ) o fEEh
RARICAER T 523, NGF (ZIGE L\ VRbiRAR i e En B e
HEHRE, PRIBE K— I o EB R MERE, AR LR
GABA {EEN Mk iENe, MM RMAIRIC bIERAT S 113w,
FETNT-3 DIER T 2 MR Ha D £ < (X BDNF & #5583 5 23,
FHERAR BB A R AR AR SRV MER 2R T 0 28 NT-3 D
BTHD "D i, BDNF 22 NT-3 13 NGF (ZJG% LRV K
R BB Mg BRI bIEA L, e R BETFRELA
BBHZENMBN TN 1629,

NGF & HiEMIC LM% bz e WX RE F 03 8% <
BRENEZEL ZOEBOMERBICES L. - %
ERERIZERATEN 20 DY A ML iR
DRVBHDZ LI, MRRLEBFERDI T R b—J IR
FTHOREABRBRE 2o TWVD 0 RERICIEREAIRIC
x4 A HBAREFEIER 2 &, b0 A BEM 2 oM F 2%
JEOPICHHBREBYDRE L DLONRVH &N, #iE
RERFIIZTOEPHEOE TR BRI R TETH
5.

R ROFKIERE ST LV TCHREB L, BRERD
TREEDERE, 1BFIEORBIZENT Z L i3RI ZHED
KRERZRBEOVLDTHD. HRFEEEFIIMOERIER
THEELREEZ R TLHEHEEINL TV AR, EBRIZITEE
FRERAVEHAFORERLMEOATWRVORBRT
bbH. FLCTARRETIIKRMEERRBRICER L, #&
FERTORENCETILUTOHEEZITH, WL D00H
MR E/T.

2. XMAEET v b VZICBIT2MEREERFO
RERE
RRMAEET v b HIX 7 v b) 3ERFHEOHEE
FNTHY 59 WEHRMMEFTES 58 2L
X, BOREFBE (50% »HKBEEFREOFARETNVE
LTHWOHLRTWS ¥ —fR#IKIRIE & I MBER O E
A, TR, WX O FRFAME S 0FEIC L Y B, HE (—
WTEL LETE) MRS KEICITFE L-REDA
FThod. MEROBEEREEC S W TITEE DOREHE
B, EENOLEORBERS LUEIE, < bERRE
DORBAPBEENTHEN D, ZOREEIAHATHS.
HTX T v MM TIIME O L BRKZERASRD LB
%32 KEEAE DR TH DIMEOTLEIZA T 10 A (P10)
LU IEENUBETLIRD LN TR 2 ULas LA
FEOYER, HIEFREZ D VI OFKT 23 L ORI

FOHWIIARE 20 B (E20) ENOROLNDH T LMD
O S RVEKERE HTX T v MBI IR R F IIMED
TLEL VD LAMEENOMONDOREIZLDEEZLD
nas.

W, BORERBIZWV L O OMEEERFOBE N
FRENTWAS., FilxiE, KMEEOERE LT BINF R
NT-4/5 ZRUERNICHEAT S & KMBEESE 1 BICARR
LRAVHERMBOERRAITEREINDZ L ¥, HiA
OBMERMEFMMAK KK TF (fibroblast growth
factor-1: FGF-1) X FGF L& 7% —&EF & MAAATE
Lha A2 a=0 b ROMKRHRMRICEE S B
FIRBFS T3 L, MaBBORE L PR EIEORE
BIMHEENBEZE W, ILIERBLEXFXFLOMEN
CHEEMRMEFMBAKEF (fibroblast growth
factor-2: FGF-2) #FferE AT % & KBEREK L5 &
Bodoe®, P Ths ZOLIBHREROLE,
KEEDRE & iR R BE T & OREAA~5 BT, I
JEOTUENE Z 2 LIATOEME (P6) 2 AV, BETTHEIC X
DEBELHRRUIIRET, HIX 5 v F KIMEREN TORER
FERTORE - 9 & REAKFNFIHREICL VR L.

mEMROS{L, BERRE

TJULUNARAL ALy b RE LM EBE LTS Z
A, JKEEREHTX 7 v b, FEKFREE HTX 7 v bOWThIZE
WTHHEMRBHRE I ER ISR IN TV, KEE
HTX 7 v MIFEKEEIE HTX 7 v MR TRMRE R #E L,
FERAENPHBR TH o= (Fig. 3; Fig. 4). F/KEE
HTX 7 v b KB E ML TR BR OB Dl
RDH ) BECREETHHAREENRE L LN

F T, e Ui o d-cumi, shikzeiic
BEWIRETHIHNNEREG Y 737 H 2 (microtubule-
associated protein: MAP2) % DRI - 51 & REMERE
IR LTz, KEEOH &% Mb3 KM E OHEH
Rk & BRSBTS, KEEHTX T v b
DY EIRE N VEM TH o7 (Fig. 44, B). VZIZ
t MAP 2 (BtEMRE BB S, KERE HTX T v b MAP2
BRI IEKTRIE T v hOE NI REVEREZF
HLONELFE LR (Fig. 4C, D). $72bb, KIEE HTX
Ty FTCRAMEEREBIROBEN S LIZmE ST
WAHH, VI OMEMIRITSERTTELTWD EEZX LR
7.

MAP2 1143 b L= iR BRI EB T 57K Y
NRIETHY, ML ORRERICEICSH LTS,
BEORABER T, HERBMBAN VI 2o KRER
(cortical plate) FND#EFERE (promordial plexiform)
LEIMMEEFR (subventricular zone) DRIIZHEIL 45
b5 ik > T MAP2 BBHEMIRESE L TL 5. AR
T, KEEFEHTX T v R OVZRIZR W EH#RZEE % £ O MAP2
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Fig. 3 Cresyl violet staining of HTX rats brains.
Photomicrographs of cresyl violet-stained coronal sections
of brains from non-hydrocephalic (A) and hydrocephalic (B)
6-day-old HTX rats. Vertical bars indicate neuronal layers
(I-VD), corpus callosum (CC), ventricular zone (VZ), and
hippocampus (HP). Horizontal double line indicates the
scale : 200 z m. Note the thin cerebral cortex in (B).

Bt A R U7z, g TIO/KEEE HTX 7 v b ORMIC
BL CThx RPIER), HENEENRESINTEY, XK
BIons B —ELUTWS, Fil 2 1T KM E M
DEHRERICAHA LN AR, HIEREII Y, 2R - %Y
BEAODET @ 20 0TE0BREREBZOFTHS.
ZOMBHBOTEREORER L LT, MlagBoREC
I 2RFHEOMBSILH D VI RBEAHENICLS
MABEOEEDONTNHOBENEESNS. BESL
LM A RET 2 EES T L L TR b TRENEG
DIIHREXEERFTHDEELLND. RERDL, ZThE
TICRETPOMCHERBRFEIEASED L, ERFLE
EREEINDZENNLONHILNTNENLTHS.
BDNF, NT-4/5 {2 & » TH&EMRORELESRBTMKS
n5Z &% | FGF-1 BB E R MaE OFEL M
Bz L M, FGF-2 MWKIEERFRELSIEREZITI L
B P ENREFDOFHTHD. 2FH ZOL S BRHEAROT
B REL, MEEBRRTFORROEEICER T 5 7HE
HENHB. £ TRICHRFERFORBICOVWTRETL
7.

MEEEBRTFOREB

BDNF, NT-3 3L R FGF-1 @ 3 fEOMEREEFIZ oW
THEtU 7o, FEKEAME HTX 7 > b VZ [ZId BDNF, NT-3
YO FGF-1 ORBENIFLALRDENRVDIIXL
(Figh) /KEEFE HIX T v hD VZ IZiZWFhoRERE T
< B LTV (Fig. 5 A, B, 0.

ZOfRRIL, E¥XRT v FORERRERDO VI ZBIT5
BDNF, NT-3 ORBLL E20 £ Tltha i@ L © , P6 T
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Fig. 4 Distribution of immunoreactivity of MAP2 in
the cerebral cortex of HTX rats. .
Typical low-power (A, B) and high-power (C, D) light
microscopic views of anti-MAP2-stained coronal sections of
brains from nonhydrocephalic (A, C) and hydrocephalic (B,
D) 6-dayold HTX rats. C, D Enlargement of the
ventricular zone seen in A, B, respectively. Sections were
prepared from four or five rats and immunostained, and a
typical one was photographed. Vertical bars indicate the
cerebral cortex (CRC), corpus callosum (CC), ventricular
zone (VZ), and hippocampus (HP). Horizontal bars
indicate scales : double bar 200 » m (A, B); triple bar 50 u m
(C, D).

Note that the MAP2-positive cells of the hydrocephalic rats
have long horizontal neurites.

IHIEIFHET D (Fig. 5D, BE) Z&ERELER T
%. —7#, FGF-1 122\ TiE, RS0 BEmeL R L
12 RS LEET AER Y BmbhTRY BINF B
FONT-3 L REAN LR TEZ LiIx—RERT /&R
ELIEZ LN B EE FCF-2 ICITHE BBt S
T ARHENL IR TS 218424 FGF-1 & FGF-2 1353
BEZIET D 0D, FeF-1 b Zh O OEREFELE
bETWAb LZuy, LML invivo TO FGF DER
WKOWTHE—HRRENIELNTORVONRBERTHY,
SHBOMBICEFLIENEZATHD.

PAE, 5o RMKBELE HTX 5 v bO VZIZBWTMAP2 & 3
BHoOMREERTFORELEBELBE L. @RIRMRER
#RFORB L NIRRT RABEEOMREE
MRS E KRB E X, R L U COKBEEDRKER
ROBRE-TWAEEZLNZ. LL, ZThOoME
FERFOBRREBENRELIDEDONEDEZAFRAT
H5. ZOMBEORERIZIE, SERTFHEE ThHDKBEE HTX
Sy FOBERBBFOREE TOBECHANRLEL R
bhs.
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Fig. 5 Expression of neurotrophic factors in the
ventricular zone of HTX rats.

Sections from 6-day-old hydrocephalic (HC ; A, B, C) and
nonhydrocephalic (non-HC ; D, E, F) HTX rats were
stained with antibody against BDNF (A, D), NT-3 (B, E),
or FGF-1(C, F). A section from a rat showing a typical
immunostaining pattern was selected from among
sections from four to five animals. Vertical bars indicate
the corpus callosum (CC) and ventricular zone (VZ).
Horizontal double bars indicate the scale : 50 u m. Note
the intense labeling of the neurotrophic

factors in the hydrocephalics.

3. FGF-2 DBZEABSICL DT IAKBERED
HRMERE & T ORI

FGF-2 |3~ U ABHEF ML BB I/ FELTY
VTEENDL T, £, FERORLIBELEESTL
L T FGF-1 MBS BERE, RIE & iz . FGF-1 & FGF-2 1% 55 %
O7 I BERIKEr V—%2F LEUOEHEEETRT
25, invitro MF TiX FGF-2 M J5 )8 FGF-1 {2~ 10~100
FHLRNERHETT EREIN TS 79 FeF-2 BIGT
DOEEERIIVBRE SN, BEFELAMMISTHEOND X
IRV RBIMES N, TORER , FGF-2 (TMHMESE
MlaOMAERT & UTERT 271510 TR < LBHEML,
M FiEHARR, AR, BFMiag Ska 2RO
FERFET 2 Z L Y, FHBYOMERRK CEEREE
FHRHZ LW BRENTVS.

<~ ARBIFD VZ IZEHBED FGF-2 7 > /37 B X mRNA,
EDIC FGF LT —DREBRH DI Lnh 455,
FGF-2 MR BOWRICEERREI# B> T\H Z LA
RN TWAD. in vivo TOMEELZ AT 3 IZILBEF
REBEWOER, BB ADRFETHIM, Zo0 70
—Th o2 R sMT#ESBREIh TS ©9,
Dono & O3k & OERL L= FGF-2 Bz F R~V A&
L, MRHMROBEICIIRELRD T, —HoMan
BOHXGTONKMEEORBEEICRENE L2, 18
EBREICIIRAMEC VT 7T AT I B R R & 3R
Wik, ZRELTWS, Z DO EIZ FGF-2 ASFhiRMEa
OBELHEIZELS BE LTV 328, Mgy L
LEELRHNILETRBE LTS, LA L Vaccarino & %

1 Dono & & IR0 RHD FGF-2 BT K~ 7 A LA
WLz, O i mRa s s Bdl S, REREOKIKMEEIC
B 2R MMEE 7Y THRROKBRE - MiaEE B
AR AZHRBFP L TWEERE L. 372b% in
vivo |28 B FGF-2 DERIZOWT—B T 3RENSEL
NTHELT, H—RIREBIZIIE> TR,

FGF-2 DEEEZ A DMOF AL FEL LT, EENE
WAF R HEEAT D HENH S, Vaccarino b ¥
¥, 7 v FMZEMIZ FGF-2 (75 ng) % E15.5 CHAT S
&R MRaER NS, B20.5 THEAT S &) Tl M
LIt BELTWS, ZORRIIMESEROETEE
FGF-2 M43 Z & 2R LTV 3.

INETOEBERYAVWEHEN D, FGF-2 iIMR&H
KaDOHFEZ BT B1E0 0 TRL, HUREETFHERE
BAbboZ ENRBEIN TS 21824 iRl o &
MRS ERET HIBRA~D FGF-2 OIERITIERICHM
TH5. Flxid, FCF-2 OBEEIEKTF L THEM L 2H{EDIE
ARG ABRERL 2 ma—a a7 g ohgll b
WCIERED FGF-2 2 EA X% LB oL FEIID
2P BBEDFGF-21X7 Y THR~DOHbERET S
LW BAETHD. ZoOL)IIHRRMIICHT S in
vitro CTOFGF-2 DIEATT OH—MICEBRINTE LT,
in vivo TOHEIZ DWW TIIRBELRARANRELEE
nTn3,

AR TIT FCF-2 ORBMEEREBRICET 2&E %
B4 %5 BEHT, El4 =9 ADOMMEMIZ FGF-2 2 EHEEA
L, KBRS L OHERAR~DEBIZ OV TRE L
7=,

KBEEOHBELBL Re—b—F I ED
BH - 3

fE4 14 B (E14) ~ v AUB%EEIC FGF-2 £ 7213 Y BEfR
EeAERAE K (PBS) 251, BRASHIELE, &£
#% 10 A# (P10) T THETUHOMIELBZE L. FeF-2#&
BT, REOTER & KIMRED V&V D R E LS
Blex &L, KEERXEZOLOTREUTZFRELZ2L
(Fig. 6 a, b). TLOBREIHEBKENTHo-. Y
R EER UKIMEE 2/l L -~V TRET D L, dHBRIC
KT FGF-2 B 5B Ti3Mifas, MasEsFEICER L
Tw/e (Fig. 6c-f, Table1). ZDFERIXFGF-2 2% in vivo
TRBMEEHEREROMBICTES T2 2R LT
W3, E£i, MIERRICITEE, SRERBITY TR
LWV o - RS BEED T- D OEENERB L TV 508
FGF-2 #EH TIXZ OMlaMROBIMEBE Z > TV
INBKMEEEBLOERFEREZEZOLNDH, 2 b
DOEERE M HEBREANOEL e EHENTLRE
LIFET D AREEN H D, AFERN O FCF-2 iZRER LD
BT Z L AURM SN, FGF2 B EHDOKMEE %
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Fig. 6 Morphology of the postnatal cerebral cortex

with or without injection of FGF-2.

FGF-2 (1 u! of 300 ng/ul in PBS) or 1 w1 of PBS alone
(vehicle) was injected into the telencephalic vesicle at E14. Most
of the mice had a normal delivery. Brain sections from P10 mice
with vehicle- (a, c, e) or FGF-2-treatment (b, d, f) were stained
with Mayer's hematoxylin dye. Photographs (c-f) are enlarged ones
of (a) and (b), respectively. Arrows in (f) indicate ectopic
pyramidal neuron-like cells.

Scalebars : 200 mm (single) ; 100 x m (double).

BET D L, REE VBB T 3 #iEMak o KB
DS, RlEEREE VI BICEBESFEL TV (Fig. 6 ).

F T INO KRN EERIZEED b N DB D5y
{LOBELBRT A9, PO DI ZRAVWTERES v
RUBREBRZ REHBENCRF L. =a—n a7y
VT 72N —O— DO THYAEKMEESE VB TR
BT 5BNF, #7237 IVBROBEREETHY F—m
U, N ERT Y CERIFIT R T Y ARBMERRO
MR ECE TR A3 B Tyrosine hydroxylase (TH) ¥,
REBMBO~—h—TH VIEHD VZ TREIEDDL
NBXAFy 9 S LR oMidECmaE, &
RERITHTT D MAP2 O &t e L.

BDNF {3 FGF-2 #% 58 0 KAk B B =0 (85 VI @ DM =)
WCEBEMBRB LTV (Fig. TAa, b). TH, XRAF U
MM TR BB O KB EICEE BBEABD L2y
2 (Fig. 7Ac, e), FGF-2 H5RETIZBINF LA LK
MBI RENRBO LN (Fig. 7TAd, ). X8
BEO R E S V B OSSR EE & SH&RIC A
Dy TE - F X U7 85 70 R BB (A s iR MR D
A LD, HIMAP2 AT e X N7z (Fig. TBa).
U2 L FGF-2 # 5.8 TrI A BIEERICALE 35 KB
fa (2 MAP2 DRV EARD b, T OMIITRAMEE
MR EE T RS Lo, BEREROFT M —TE
TR, BEOFL LIV ELEBHLNKE (Fig. 7 B b).

wIZ, THRBDF 7 ERE— ORI IERE ST 55

Cell number
Regions Vehicle (n=3) FGF-2 (n=3)
Whole cerebral cortex 267.3+44 320.8 + 8.7**
Upper layers (I /1) 101.1£12 130.2 £ 0.4%**
Lower layers (IV-VI) 1689+22 196.5 + 8.9*
Cell density (cells/10%um’)
Regions Vehicle (n=3) FGF-2 (n=3)
Whole cerebral cortex 2.09 +0.04 4.04 £0.147**
Upper layers (11 /1) 4.10+0.08 6.41 £ 027**
Lower layers (IV-VI) 2.12+£0.03 3.24+0.20*

Table1  Cell number and Cell Density in the Cerebral Cortex of
the Vehicle- and FGF-2-injected Mice

Coronal sections (20 pm thickness) of the brain were prepared from
P10 mice that had been injected with vehicle or FGF-2 at E14, and
stained with Mayer's hematoxylin dye. The parietal region of the
cerebral cortex (450 um wide circumferential band) was selected,
and total cell number and cell density ( cells/ 10* um® ) of the whole
cerebral cortex (layers II-VI), upper layers (II /1), and lower layers
(IV-VI) were calculated by counting the number of the stained
nuclei with diameters more than 5 pm. Significance vs.
vehicle-injected group.  *P <0.05, **P <0.005, ***P<0.0001.

LIy hakBatT 579, BINF & ZhFhOHE L O T
WA ZEREEIT o, BB, FCF-2 &E5H L LITKER
S OHENET MAP2 & BDNF OF#REBABHOLRIZ. EHIC
TH £ 72130 A F B O ¥4 BDNF 2 £ RB L T
V= (Table 2).

TH BB R MR U 7z KM B IS TETE LRV A4S
) EET TIIEBICHET S, ZOFEL Y HREMEAD
T ) AT 0T T LENTbOTIERL, RERF
WKL AHBEZTHENTREND. ZOREBERTOKE
#WE UTBINF ¥ Hs. BONFixEME LT FR3
v, BEEE LT v MAEFRE FOKRMBEICHE
AL, RS EEErEMInEFE T ENRESR
T A 88 RBFZEIZRBWV T FeF-2 5B TRMRER
iz R8I AR & Bbh D TH BEMEH %
HBRD N (Fig. 7). FGF-2 HNEHE TH ORBLFE ¥
BERE LOMNE D DIIFRHATH S5, FCF-2 AgHH%E
OEEAIAIC R L CBINF 8% LR X5 D2 LR,
AN U T KRB B IRERD TH BRI DK 5005
BDNF Bt Cdh 7= (Fig. V2 &, BWNF L&/ 4—Th
% TrkB & Z OIALICRKBBBRBL WD L (T—F#
R, R EMD, FOF-2 1L 0 RBERFHFH S/ BDNF A3
CHREC THRBLZFELUI-TREELELOND.

R AT AN — BV S RIS R T B PR
BIALTALNERITHY, BEAOKRBMNTIILE
WRHBEAR VZ IZTRE L TRET S 0 &b, KK
BRSO X AF B (Fig. 7) (21X, #ERMiao
MEDESHNIIEFE L TV D ATREM DS E X DL D. RS
#H =T L FGF-2 # & DItk x R R BEF 15—
WWEREIN, 20 ESLLEEHRMEIZ S R RAF U F
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Fig. 7  Expression of various marker proteins in the

cerebral cortex with or without FGF-2 administration.

A : Brain sections of P10 mice that had been injected with PBS
(a, ¢, €) or FGF-2 (300 ng) (b, d, f) at E14 were stained with
anti-BDNF (a, b), anti-TH (c, d), or anti-nestin (e, f), antibody.
B : Brain sections of the vehicle-treated (a) or FGF-2- treated
(b) mice were doublestained with anti-BDNF rabbit antibody
and anti-MAP2 mouse antibody. Abbreviation: cc, corpus
callosum. Scale bars : 100 u m (single), double, 50 um
(double).

B0 8ENHS P, FGF-2 S ILBEROMA
REICEELTWSO0E L,

LUl, FGF-2D#EIZX-T1) AKREVRBIZHFEETSD
SRR D KBNS KM BRI BT 52 &, 2)
ZOREMIRD L MAPZ 2 BB L T o b Mila DR &7
T LRI, RRAF 2 RBT 5 ERMROMEE bt
ThoTWHI L, 3) ARKMEE TR LW TH %
RETHE, REBHLNE RS-, $Tihbb, FGF-2
BEIC LY RINR BRI Uiz KB IL IE # O
WRHEELZVWEELREE2 L MR THLZ LB
ne&ilpot.

KB E R 5l C D BDNF OREBRE(L

FCF-2 5% 0 & ORHICRE L HRRBER R T 2 D0,
BONF DORBAIERE L L TRET L7z, EI7T 2O PLIZHITT
BEAMR D FELEIC BINF O3EWEENBH N, ZOM
VIXTERBE S FGF-2 BEHORIOEWIRD bNRieho it
(Fig. 8 a~d). P iZe D&, MBHTIIAMEES VE
{258 < BDNF RRBL, fIOBTHLHEADBBERENDIDIZ
xt U, FGF-2 58 CTIXRIMEEERERIZ BDNF BN R/TE
THEOICARY, FOMEMAIE PI0O TLYEEIC-T=
(Fig. 8 e-h). ZDZ B EZ U RV BEORBERIL PS5
DBETRIBEEX LN,

KA B RS O R MR L FGF-2 2 #% 5. L 7= E14 LLATIC
BEEZETLTWS., LEX-T, MENICERESN:

BDNF/TH % (n=3) BDNF/nestin % (n=3)
+/+ 29.1+0.4 ++ 26.2£1.7
+- 24.6+0.4 +/- 26.5£1.3
-1+ 7.1x0.3 -1+ 6.7£0.9
-/- - 39.2+04 -/- 60.6£1.0

Table 2 Percentage of the Cells Expressing BDNF or TH, or

BDNF or nestin in the Bottom Layers of the Cerebral Cortex.
Brain sections from P10 mice that had been injected with FGF-2
(300 ng) at E14 were reacted separately with both anti-BDNF rabbit
antibody and anti-TH mouse antibody, or with both anti-BDNF
rabbit antibody and anti-nestin mouse antibody. BDNF was then
visualized with FITC-labeled anti-rabbit IgG antibody. Layers V
and VI of the parietal cerebral cortex (120 p m-wide
circumferetial band of the corpus callosum) were selected, and total
cell number, numbers of cells positive for BDNF or TH, or BDNF or
nestin were counted with a phase-contrast or a confocal laser
microscope. Total cell number was ranged from 250-350/individual.
The percent values of the positive cells are expressed as the means
* SE.
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Fig. 8 Developmental changes in BDNF protein expression in
the cerebral cortex after FGF-2 administration.
Developmental expression of BDNF protein in the cerebral
cortex was followed immunochemically by using
anti-BDNF antibody after injection of FGF-2 at a dose of
300 ng (a,c, ¢, g) or vehicle (b, d, f, h).Abbreviations: MZ,
marginal zone; CP, cortical plate; SP, subplate; 1Z,
intermediate zone; VZ, ventricular zone; CC, corpus
callosum. Scale bar :300 um.

FGF-2 1%, PLBUIC & » TN L RSO EEER % &
WFEL-FREMRE X GG, EEEMTO BINF BERIIHE
HWOINVE I VBRI > TER L, #MEtED GABA A
L ->THHR S5 00 5 &if FGR-2 12 & » Tk
BRMERF Y — B b U, KIBMEEESIC IV Z
I U HRHERS GABA FRHED IR OMAIZ A LI TEE LB
ETERV. 0L ) RESER %52 - ki £
FMEORF 2 EZ NI ERBEEZLTWSIDRLAR
.

LLEDOFRERMN G, FGF-2 3R ER L KM B EEH
R DEETE & AT $1F 20, BEDO KIE ErR MO 5% #
HT@ERHDENHALIL LT
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4. TORAKRREOMIBEICEH &IEXT BINF OEA

BDNF (Zi3tiMRa (b, TR/ SRR WEEIS
HHNTWS ?, Fukumitsu & O I KM E R EREROH
17> BDNF & DR R L7 —Td 5 TrkB 43 CR #
L VZIZEBRLTWAZ E2BELTHS. AKDZ L
X mRNA DREBHTHEFMT 5TV 5 9. CRMILY —V
VEURIBERSWTHD kD, KMEE O
BEIZHESL, ZORRL L UBHEEOHEICEE LS
EFHOTWALEZ LN TWAD.CRHIKAM BDNF ZEA£ L,
ZOLVES I —HRBETDHZLIIBINF A — 7 TA
ISETHIEEBWRLTED, T04TE, Hibd L UME
DBINF KL > CRABSNDZ ERTRBE LTS, T4hb
%, BDNF (X CR HEfEZ D Y — U VEEA RN L CRIEEMIC KRN
FREHEARICEELTWD LELXLNS. Ringstedt 5
4t BINF R AT z=y s U REBTL, @R
BDNF 2L o> TY—V v OREBEMBEIL, TO/ER, KM
BREOBEECRENRROONIZZEEFHELTWA. L
7L BDNF BEICHIRBENEE LB XITTHEI D, b
LZ D7 ET 5 & BINF OERITY — U AKTFRI 2 D>,
OBBIIEE LRV ONR Y, ZBOOMIITIZEALH
BT > TR0,

AFETE, v~V AKMEEREBRTO VI »OFRE
WRA~OHIBOBENZ BONF RED L D 2 BEEX A%
BRIT5EMT, E13 BEIVE4 =V 2AORIKEICERE
BDNF # 30 HEHEAL, TOHEEREN L.

Bromodeoxyuridine (BrdU) Ml oBH It LiF ¥
BDNF DB 4

E13 BR{F 2 EMRT 28~ 7 AOMEFEANIC BrdU 285 L
3 BRI IR ORI EN Brdl mmEBETH L, V2
ICRRB L CHEOBERRNRD bk (Fig. 9a). =
DFETHRIEE NS BrdU BBHEMRAOIZ L A &M HREH
BThdZeNbhnd. TZCEI3RIF2ERT B~V
A ~BrdU Z#5 U 1 BRI FRUMEIZ BDNF 285 L
7. £ LTE®D2 A% (E15) (T BrdU BBMEMIREBE LT,

*tPREE, BDNF 3% 5-BELIC BEMRPIC BrdU BBAEMERRAS 4

28 L, VZ T BrdU Z# S N/ kel A R E RPN~
CBEBILI D EARLTWS., BBREND LT R
~ BDNF BEHTIIZOEN 2FL LIz LA LTV
(Fig. 9 b,c; Table 3).

Z ORI, E13 T BrdU ZRE /i Milao o b ELs ¥
TICRER~ & B 5 MO BDNF (£ X > T
FTHZEERLTWS, KIZ, RHEICELS IR{F&TERT D
<7 ZA~BrdU 15 L 1 BRI IS {FRIAKE =R Z BDNF %
5 L. BARSBeE W21, Pl T BrdU BBtEMa 4 B2
L7z, xHBREETIX 30 % DOBEMRS KIMEES IV-V &
TERDONI-DIZK L, BDNF REFETIL 60 % 235 V-VI
BIZfZE LTV /- (Fig. 10 a, b ; Table 3). 2% Y Pl

Vehicle

Dt T -~

VZ

Fig. 9 Early migration profiles of BrdU-labeled cells after
BDNF administration.

Ventricular progenitor cells were prelabeled with BrdU at E13,
and BrdU was visualized 1h later (a). The progenitor cells were
prelabeled with BrdU at E13 1h before injection of vehicle (b)
or BDNF (700ng) (c) into the ventricular space. BrdU was
visualized in the brain sections of the E15 embryos. Scale bar :
50 1« m. Abbreviations used : MZ, marginal zone; CP, cortical
plate; SP, subplate; 1Z, intermediate zone; VZ, ventricular zone.
The results were almost equal in separate three experiments.

vehicle BIDNF
a - . b . '
: - . In/m
: Y
' ;Iwm
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BrdU labeled at E14

Fig. 10 Migration profiles in the cerebral laminated
structures of BrdU-labeled progenitor cells after BDND
administration.

Ventricular progenitor cells were prelabeled with BrdU at E13
(a, b) or El4 (c, d) 1h before injection of vehicle (a, c) or
BDNF (700ng) (b, d) into the ventricular space. BrdU was
visualized in the brain sections of P1 mice.Scale bar : 50 4 m.
Abbreviations used : CC, corpus callosum. The results were
almost equal in separate four experiments.

THEET 3 L BrdU EFRARII KIMEED LY EERIZALE
4 5L 5ICBINF DEEBLZIT ¢ EERLTWD.
iz E14 T BrdU 5% U, = 1 By (2 BDNF & iHZEMN
B}EL, PI TEELL A, Brdl BitHaIxRREE L
Fibie < KSR ES 11/111 BIZALEE HH Tz (Fig.
10 ¢,d ; Table 3).

— T T A KRB DT inside—out DIERNICZKE
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BrdU label, Observation Vehicle (n=3) BDNF (n=3)
BDNF Injection (cells/10%um?®)  (cells/10%um”®)

A:E13 E15 Cortical Plate 84.1+48 175.1 £14.2*

Pl
B:EI3 Upper Layers (IV-V) 158.3+12.7 104.3 £24.3*
Lower Layers (V-VI) 56.1+124 159.5 +12.8*

Pl
C:El4 Upper Layers (I/M-V) 146.2+9.0 1412 £10.4*

Lower Layers (V-VI) 393+24 356+0.5*

Table 3  Density of the BrdU-labeled cells in the cortical plate
or cerebral cortex of vehicle- or BDNF-treated mice.

BDNF or vehicle injection into the embryonic ventricles after BrdU
administration to pregnant mice was performed at E13 (A, B) or E14
(C). Mice treated at E13 were used for observation at EI5 (A) or P1
(B). One animal was arbitrarily selected from each group of both
BDNF- and vehicle-treated littermates of three mother mice. Namely,
three animals of each group used for the experiment were derived
from different three mother mice. Coronal brain sections (50pum
thicness) were prepared from each animal, and stained with Mayer's
hematoxylin dye. The parietal region of the cerebral cortex (200um
width of the circumference and 100-150 pum height) was selected, and
the number of the BrdU-positive cells in objective layers were
counted. The average value of serial three sections was considered as
the value of each animal. The cell density (cells/105um3) was
calculated, and expressed as M*SE of three animals.Significance :

*P<0.005.

7%, @E EL3 1A Ui KEong Iv-v g
I, El4 A U-mRMRIIEE 11/111 BIzBET 5.
McConnell & ™ %, $$3&%E VI @AM T 5 MR8 %
B I/ BAEERTHRMOMENCBRELIZLE A,
KEDIEFE VI BAEE L0, —8I3E 11/111 BIoBE
THILEEZBELTVWS., LHLEERSE /111 BEER
TOMBBELIDY LUK ERENMOMEN~LB
BLThIhboMimizb e EB0E /I BE2ERT
™. oF0E /11 BEFRT 5 EEMRI3EH
DREICEEBINVISWHEEER b2 LB X bh, AP
RESELHHTES. Thbh, El4 TBrdl E#i&h
DRI RE I1/111 2R T5/mTHY,
SLE9Z BONF 2 EA L THZEDEEBEZITH Z L FE
OMBIZBH LI EZX NS, ZDEL3, El4 TO BDNF
IR A RISHEDEVL BDNF L2 7% —, TrkB, OXH
BOEWERBT 200 LAV, Fukumitsu 5 9 (3,
Z v h®DVZ TO TrkB OFBBIT E13 THRL&EL, TO%
E20 lZ3F TIRA A LT ZE2BEBLTWAS. <
DA THRENNT - BERRICET DRSS, —
¥, HEE VI BEERT 2R MARBER L= X 5z
REBOELEZZITAZEMNHD. McConnell 5 ™ XD
MlaxMREM I Lo, 8B II/II AR T 56
HOMENICBET S & S HIOMBOLRIE Y ORIEIC
FIFELE I/IIIEB~BE8L-LBELTWS. 2%, S
HobhEn 62 8, M HUICHIADOEMMPRESIND DOTIX
RNEEZ NS, KFFEORERNL S, MEANICIEA
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Fig.11  Morphology of CR neuronafter BDNF administration.
Vehicle (a) or BDNF (700ng) (b) was injected into the
ventricular space of E13 embryos. CR neurons and
subplate neurons in the brain sections of P1 mice were
identified by staining with anti-calretinin antibody (swant).
Arrow indicates a layer of calretinin-positive CR neurons,
and arrowhead, a layer of calretinin-positive subplate
neurons. Abbreviations used were shown in the legend of
Fig.1

L 7= BDNF X DNA &% & 2 - HIRRICZETER L, £0#
laB#EELEEsLtEx LN,

LU EDEEH S, BINF i1 E13 T Ui MEMloBE
I EEZ RIT T, El4 T Ul miiaia~o g8t/
EnEBEZ LR,

CR MURR DT HE

Ringstedt & ™ |[XE13.5 D BDNF hS v AT x=v o=
7 2% BrdU 2 L, P18 CHlaNBEEZBEL L 25,
BAERM- YA THRKBIBKMEETBIZBE LD
*fL, BONF b5V AV 2=y /2 ATHENALY L E
B~BET oMl LR, BEERENSIEREZ ST
BRI EEWELTWA., 513 BDNF A5 CR MkICERRL Y
— Y OREBREME LR, inside~out DIERINEN
Tt THDHEEZTNS, Fiz CR MR KR G5 &%
B EIR CEBERFERTIREOBERE LRV
LTWA ™, ZZTCRAMIIGRIRMIZER TNV Y
LIERE VNI E, ANV F =l oNWTREMBRES
fTolo& Z A, BINF #HENKRS LTH CRHAOEESE
{LIXBIE SN, RFEER Tid BDNF i CR A OBEEICE
BEEX e EEZ LRI (Fig. 11 a,b).

AW TRD bz BINF 12 X D HRBEOEIE 1)
BDNF # 5% b CR fiROFERE IR ALV &
(Fig. 11), 2) % 11/111 J@DO &L BDNF DREENER
ootz & (Fig. 10 ¢, d), 3) BINF#&52 8
BICHIRBEBSEELZITTEY (RERENTIRE L
LCIiBE@ED (Fig. 9b) Z &, 2805 CRAME
NTBHLOTIIRVWEEZ LRI,

BDNF A3 #Repia o {LFEEREZ O L13E< D
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I L > THLDCENTERY 7 EHEMEN~R
542 & RN E RO MAP2 B A EBRICTET S
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2, BDNF |X TrkB #3H L TW5 VI OMRIERA LT
S B, TORE, VI »ORER~EBEZRST
AEBMABRDLBHE L L TWVADOTII VW EEZ LN
To. ZOEZIZEINIZ, E13 OMEEMEIL BDNF (X -
TR VZ O EER~EBEIL, El5 OBETIILY
ZLOBEBRABRIAREBEIND I EVIBEEL VL L
(Fig.9 c), BHICBE XA L T4, inside—out Dk
AlcESx, AROMBE LY TRICMNEL DT (Fig. 10
b) L#EEIND. OFEY Fig. 10 DFERIZDEZLEX
BFLTWBEEZ TS,

ARERERE»D, KBFEREBRTEZ 2MianBE)
{Z BONF A SO THELTWDH EEX bR,

5. 8%

ARERERENG, HEFBRFIIRMEEEEBRICE
WCEHELRZREZ R L TWA I EMWREBINE. B,
BRI aRREBERFOREBEAMPEIND Z L IIKIRE
BFIILDETIEREDHERRT LB TREERH D
TEHRB LTV A, RENIC bBRBRERRRWESh,
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