YAKUGAKU ZASSHI 131(9) 1311—1316 (2011) © 2011 The Pharmaceutical Society of Japan 1311

—Review—

MIERAIBRMRR(CH (T DA T ILY S BT TV T
HhoE R
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In this review, we have summarized our recent studies on the functionality of ionotropic (iGluR) and metabotropic
(mGluR) glutamate receptors expressed by undifferentiated neural progenitor cells (NPC) isolated from embryonic rat
and mouse brains. NPC are primitive cells with the self-renewal capacity as well as the multipotentiality to generate
different neural lineages including neurons, astrocytes, and oligodendrocytes. Isolated cells were cultured in the presence
of growth factors for the formation of round spheres by clustered cells so-called ‘neurospheres’ under floating condi-
tions. Reverse transcription polymerase chain reaction analyses revealed expression of mRNA for particular iGluR and
mGluR subtypes in NPC. Moreover, sustained exposure to an agonist for the N-methyl-D-aspartate receptor
(NMDAR) not only inhibited the formation of neurospheres but also promoted differentiation of NPC into cells im-
munoreactive to a neuronal marker protein on immunocytochemistry and western blot analyses. On the other hand, sus-
tained exposure to an agonist for the group III mGluR subtype led to suppression of proliferation activity in these neu-
rospheres along with facilitation of the subsequent differentiation into astrocytes. Accordingly, glutamate could play a
pivotal role in the mechanisms underlying proliferation for self-replication, together with determination of the subse-
quent differentiation fate toward particular progeny lineages through activation of NMDAR and group III mGluR sub-
types in NPC.
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Neurodegenerative disorders
* Alzheimer’s disease

* Parkinson’s disease

* Huntington’s disease

» Amyotrophic lateral sclerosis

* Brain ischemia
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“Once severely damaged,
adult mammalian
central neurons
cannot regenerate.”
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Fig. 1. Circumstances of the Patients Suffering from Neurodegenerative Disorders
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WT, 72 BRI INF—EELEHHNITY
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FHAPRFI O ELTORRMBAEDET S, 49
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A (iGIuR), KUHIIEANORE Y > I8 Ko i
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TWSHEEMEICDNT, T FHDHVNIEIT T X KK
BEXDHEEEL 25%E NPC Z2HWTHRE L7zbh
DN OWFERRA Z IS Lz,

2. A A/ bOEYIVRIILY I CBRSEERSY
T

v b RIKEE XD BEEE®O NPC 12T,
NMDAR & f AMPAR Z# 32 W nod 7
—v b ® mRNA ZEE &I N7z, KAR kY
7= MZBL TIE, GluR6 DAFEENED 5
Nixm-o7-. iGluR O 3 FHHEOY T H A T ThHD
NMDAR, AMPAR, KAR IZH B MO ENWE T T=
Z k NMDA, AMPA, KA % NPC | £ 1C ig 5%
L7z&Z%, NMDA OANEREICI NI RYY
EHEEERTIERE. —FH, WTFROIGUR 7I=
A NEZED, MO & 72 % lactate dehydro-
genase (LDH) OISt~ DBHEIIIEEE n &%
MIE S 73> 7=, NMDA O#ifiiEE1Z, NPC 7%
in vitro S5 B &M T CTRIFEED 1 DTH 2 Mkl
(neurospheres) O JE k<> BrdU D HL D A A5 % &
EEICHELRZ. 2O NMDA IZX5HE,
NMDAR QR R T > % = A kN TdH % MK-801
DRIFFRIMZE D, W H NMDA JEREZERE & [H
FEEEICE THIE L7z, NMDA g5 Al a4 E R
IIEERETIC ha Y RY 7IEH, #REERD 5
Wi BrdU B D A A & o 7= il B B4 AiE AE D FEHE 2 FH
ELZEMS, NPCIZIZHEEER 72 NMDAR M35
L THD, NMDAR 7 )L AH A3l el D 34 5E
REZAICHITL ThaR[EEENEZ 5N 5, 111
JKIZ, NMDAR 73 )L AH17 NPC O 4HLHEIC
MIFTHEEIIDONWTERT S, NMDA % Fiiic
MR L7z NPC Z M5l R 1 IEF1E T CHEE &S
ZITD 2 &ITRD, Ml bz E L. Mk
AT NMDA % £ g 85 U 72 Ml R i CLdouf BB
EHLT, MRME—-— - L THWwE
microtubule-associated protein 2 (MAP-2) $Hi{KEE1%
M msEmL, YA MadA hy—h—& L Tl
i U /= glial fibrillary acidic protein (GFAP) Hif&lS
PERRE B LU, £, AbikE#ERALZY ©
A& T 0y 5q4 7KK BT TH, NMDA
W T TlE MAP-2 UK IE S > X7 OFEBL &A1
ML, GFAP ORBI&IIWA L7z, £/, NPC

ERFZ NMDA i T TR#EZTTO &, LA ER
IZ NMDA JR & PEICHERI N ERE Ca2t IRIE L F 2R
THIfEBEMAEREEICHEMLZ., Ladis T,
NMDAR %7 5L A J11d NPC D &l fa ~ D 531t
REZ e T 2 A[EEENE A 5 5. 1L

3. AYRMOEYVRSILY I BRRESY
T
NUARMEE XD BEEERO NPC I, 7
W—TTROZ )N —T N Z2HERETHIVTND
mGluR 7 1= v b ® mRNA ¥ b I N
7z. Z7)—7 Ol mGluR # k712w MIBL
TliX, mGluR4 KT 8 O FEHIIMER T = /=77,
mGluR6 X' 7 OB I D s Nizh-> /=,
mGluR O 3 BEHOY T H A1 T THH7 I —T1,
TWN—71, Z)—7 N IEREOFEWEY I
Z k DHPG, DCG-IV, L-AP4 % NPC |2 ¥ #1912
BELE-ZEZA, L-APADANAEZICI PR
7EREEK TS ERZ. —FH, WTNO mGluR 7
T A Mg S, LDH OREHirh A fHic E A 7
Bz G AlEMho 7. L-AP4 OFHgEEIZ,
a2 RYUZEMEZT Th < O # L BrdU
OHEDAAEESBEREICHEL 20, ZVIL—7 11
mGluR OFRIY > 5 T =X b Tdh % CPPG DI
BRRINC KD, WINn s L-AP4 JERE B R & R E
WCETEELZ. ZJ)—7 11l mGluR > 7 F )L A
HDVHMEERIC BT THEIZ DN THME L7z & 25,
L-AP4 Z FEingIC g & L - Ml #E T, MAP-2 it
KB MR A B AT U, GFAP $i4A b Ml i B s
WinlL7z. ULZzMN>T, NPCIZIZHREM T )L —
7 1l mGluR 8B L TH 0, FAZHEEKENT S
27 IV AT G O ¥ESERE 2 £ HIEH 9 S nTRETE
KOY A O A bADbEEE(EHET S ATREMEA
EZiovn5 (Fig. 2).1219

277 )V—7 1II mGluR OIEHEILITEN, #EANO
cAMP A3 Hlifl SN 5. cAMP IZfilaNt 71 >
RAvtE2 Py —ELLTLEL<AGNTED, £OF
W7+ IV A4 — R &L T protein kinase A
(PKA) DiEMEAE, cAMP response element binding
protein (CREB) ®U > Efk#4r L, CRE fl%l%z~
O&—4% —HBICE T 5B TORRZHFE T2 Z
LK THLZ DABENE(LEG ISR I Y. i
BRIZBWVWTSH cAMP 2 M9 % 2 7 FIVREMN,
MR O AEF PR GE DM E, MWREERT O
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Fig. 2. Signaling Machineries Mediated by Group III mGluR in NPC
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INTWB WD 2z ’6’2/15 cAMP 7 )Lt
NPC D ¥E5HAE & oL RE EIREIIONVNTD
@ﬁéwzt.m@W®MMP%E%iﬁéﬁé
forskolin (FK), dibutyl-cAMP & % Wi F&EA& T 5
BT T —BIEE LR U XRTF R (PACAP)
#NPCIZIEET AHZ &L, T NI RUTIE
HOH B LR R OMREI O RIEE DTS S 7z,
KK B HHHAE D KIL, L-AP4 & % Wi PKA
HEXTH S HRY ZRINEZE TSI LICXVAER
SNz, 50T, MERE S >N ET
& O MR G FERF IZ FE BN FAE I 5 Cyclin D1 OB
BIZOWTHREFZMATLE T A, L-AP4 EEHH
TIIoa EEE & Hei#k LT Cyclin D1 @ mRNA ¥ &
kO7 0 —4 —{EHOR BRI D 5N D
WAL T, FKEEZR TII mRNA BHE RO T O
E—F—IEHOFEREBREMNBRD 5Nk, £z,
CRE BlFI D FRICL R —F —BRTEMAAALL
I2ANT T hEHWEMITITED, L-AP4 13
CRE B3 N O¥s 5 29 2705, FK I (e
TEHZENHEMERS . —T, HMEREICHT B
WEIIODWTHBHRFLZEZ A, FKIBERETIEL-
AP4 BRERE S 1350012, MAP-2 BRI E s i L,
GFAP G803 A Uiz, L EofR KD,

cAMP > 7 F)Lix PKA OiE (L, CRE E 4% I
U R TG, Cyclin D1 OREIEME( 2 It
L C, NPC O % fie S O & el ~ D 73 {L BE 2 {2
T D REEN RSN, £, FII =711
mGIuR {3 Z @ cAMP > 7 F VIR ERIE 2 W3 5
Z&ITL D, NPC DOIEFHAE 2= AIZHHI#H B 2 WY
Z hOvA bADOSEREEEEL TndH D LR
N5 (Fig. 2).1219

4. BHYIC

2010 4E 10 A, KENZBWTHRTYD TE MK
PEepffife (ES M) koAU d5> kodo b
AT BKAH A 22 T U 7 BB TR 5 R o0 S % B PR AR B e
Bis S N7z, B OBAEIC K 28R TERE DIRE
EBIFREWE TR, SREHICERRME MM
JTCHERET S 2 ENTHIEI NS, @l OB EEE
MEIULT UL, BRICHERMEZE )R I < ER
TELHENDLELRD, £z, BEIIBITZKER
M & LT, BRI R 9 2R 280T 5
N5, ZOMEZERTLZODHIED1IDEL
T, HHE T MO/ 2z &ML, AAENT
EYPGIC X DS 21, BN & MES
V57 7O—FNERERDND LN, Bl
BT TR, WELEMW) O KRR DB S N D
FRAERIC BT, NPC O IEH 720 LAy B 8
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THBHZEWEFEO FETHRW., LMN>T, NPC
DYEGE - MEEHIHT D 7 FIVEREDN, FBERE
DO—RERBAHEEIE THFICEAS NS, £, Bk
EKRIZBNTH, 0772 N T EREBREZIC @I
NPC OEN T2 &0, LIAMEZRARNL X
fEid (PTSD) DFAEICBAE L T % AlRElE D s
INTNVE. LU EDOXDIT, KEHTHEMNLE
NPC D5t 50k % §il 9 % > 27 F )L D fg B L
W, & DR AR 5 R OD FEAE BEAS R B X DR D
B NWTIEFICEERZERE/HED.
ONONOHETIN—T1F, Ty hdHdNEIIY
A KRS & NPC IZHBEBERY 72 NMDAR & % W
17 )y —7 I mGluR N EBLTHD, Mo
JHEE R Vb EEZ G L TW A AT fEM 2R L
Fo. 1) S123 e N ES Mg d 2 WIE A T 2Rtk
fif (GPS M) Mk NPC T%H GluR >~ F )L
AT E > THEGE - s LREDREI SN TS DO %
Rt 20ENH D, £z, K OFRMICHIIZ
W - I E B 7202, Glu &7 FIVET T
<, o> NPC 45 - sr{bEREis 7 )L & O EAE
HAZ2HNZEBEETHS. DNbIIBEIC
NPC D ¥45H - 3 LHEDS,  HIH: whfe 1 A L
TdH 5 y-amino butylic acid (GABA) & % WL
WHEBE Lo THHficnsZeazHmEL TV
% 1920 4% NPC O BAGE - 40 LIC B9 2 H il
ANZALRHANRZ S SICRESI D LI
0, SBREPRHRE R BRI T 2 ARAIRETED
ML SN 5.

HEE AR ZEERTT D LB TRIETRY)
BB THREECHEEZRD LU, SIRRZEEER
(B FEIEEE AR - oK HH 32 M U B VIR R BRI
BEHELEBEL EFET. £k, 2RABZTHIED
B ZHE XU GIRREERREVITEE SR -
Y E T K I T E YRR AT E O BRI
<EGEH WL ET.
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