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Astrocytes, the major glial cell type in the CNS, have been considered to be passive bystanders
that merely provide support to neuronal networks. However astrocyte is now recognized as one of the
active elements that directly modulate brain functions. Astrocytes sense and integrate synaptic activity
and, depending on intracellular Ca®" levels, release gliotransmitters (e.g. glutamate, ATP and D-serine)
that have feedback actions on neurons. Although these reports provided clues that astrocytes are the
active components in the brain, they did not analyze the temporal and spatial pattern of gliotransmitters
release from astrocytes. To examine the release of gliotransmitters, such as ATP and glutamate, he
applied imaging techniques visualizing ATP and glutamate released from astrocytes.

Luciferin-luciferase solution was applied to the extracellular fluid of astrocytes to visualize ATP
release. To visualize glutamate release, glutamate optic sensor (EOS) was applied. This specific probe for
detecting glutamate is a hybrid molecule consisting of glutamate-binding protein (AMPA receptor GluR2
subunit extracellular domain as a glutamate-binding protein) and a small-molecule fluorescent dye. He
successfully observed ATP or glutamate release from astrocytes and applied these technologies to observe
spatial and temporal pattern of gliotransmitters release.

Many researchers found that the astrocytic intracellular calcium responses are co-related with the
functions of astrocytes. To reveal the significance of intracellular calcium elevation of astrocytes on the
gliotransmitter release, he tried to obtain the spatio-temporal information using these technologies
combined with the calcium imaging technology. By ATP (1 puM or higher) stimulation, intracellular
calcium elevation was observed in all astrocytes. However, under the same condition, only few astrocytes
(ca. 3~7%) released glutamate. A similar phenomenon was observed in glutamate-evoked ATP release
from astrocytes; even though all astrocytes showed increased intracellular calcium levels, small
proportion of astrocytes released ATP by glutamate stimulation (ca. 1%). It was expected that astrocytes
which showed intracellular calcium elevation release gliotransmitters, however, my results were totally
different.

Pharmacological approaches revealed that P2X and P2Y receptors showed different patterns of
intracellular calcium elevation, however, a similar pattern of glutamate release was evoked by P2X and
P2Y stimulations. For the glutamate stimulation, it was suggested that the subtype 5 of metabotrophic

glutamate receptor was responsible to increase intracellular calcium in astrocytes and to release ATP from
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astrocytes. The glutamate stimulation evoked calcium waves among astrocytes, and then astrocytes
released ATP around 200 seconds after glutamate application.

His experiments using cultured astrocytes revealed following things: 1) intracellular calcium
elevation was not enough to evoke' gliotransmitter release, 2) direct rélatiénship between glutamate
release and intracellular calcium elevation evoked by ATP stimulation is low, 3) ATP release evoked by
glutamate stimulation had relevance to the intracellular calcium elevation which represent the activation
of astrocytes. For the first time, glitransmitter release was successfully visualized and the mechanisms of

gliotransmitter release were revealed through these imaging technologies.
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BHESIT A oA ML BREENRD I ERNFRISNTNWE I VEZ I VB E ATP
IZDWT, UTAEA LOBEEDOHESL L I NELDWTRH LUEFERRMEE L O
HLDOTHY ., FHMITROELEBY THD,

TR ha¥A MNIFBRERZROZERMEO—D>TH Y, R EEMEIC SR L,
SEAAHIA L L CHRMIAA BT AT oM TH I LEX LN TV, LA LIESE
Wi o T, TA MW A MIFREENCS LT VBB REX 2iToTWDH I EHBHL
W TET, Thbb, 7R Ma¥A MNIVFTAOEHEEHRE L, HEL.
Gliotransmitter (ATP, 2 /v & I L EE, D-serine 72 &) ZH{HTAZ LI LD, #EMED
FEEMEFAH L TCVA LW IRTHD, L, ZOHDOERL L LBEOERRTIE
Gliotransmitter 23ZERIHY « BFRIMIC E D L 9 28 TT X bt A b I TWD
DNRE TRV, FZTHEZFIIT A bada b HEHENS ATPRINVE I VB
AR L L, FOREEREZHALMNTT D Z L 2R AT, ATP OF[HRAKIZIE Luciferin-
Luciferase D S4BV, MBS END ATP X FICEBR L TEE L, 772
B D ERALIT 1T Glutamate Optic Sensor(EOS) %/ L7z, EOS ixflfask 7/ 17 I s
BELICEEEE S LTS TFTHY ., INF I UVBESGIC L D HIEMEDORNREE
(kB INE I VBBRHEEIITHRTES, UED 2 o0OFMERAWTREET XA hat 1 bk
B HH &5 Gliotransmitter D22, BFREIMIEREZE D Z L BAIEEICR Tz, T A b
YA FOBEEL TR haY A MNEFRRNAINL S T LB EZR OO DENZHELH D, £
I TCHIEBN A AL T AL TREHENTWA T A batrA D% ke Gliotransmitter DFY
HTREINAT A Mathag FOBICED X 5 RERARAERH 505~ 7, 1M
PLED ATPHIBIC L > TEELZTRTOT A hat A FTHENA VYT A0
Rohfn, FUEBED ATPRE TIZIBE L) LD 3-T%DHIEN b IV F I VEROEK
HBSRLNZ, £2, 1mM Z¥ I UBBFBIC LD ATP OB L THRRDOIR S,
Thbb, TR_RTOT R had A S THIEAD ALY Y AREMT 55, ATP ZHHT 5
MBI DTN 1% Tholo b VI HSENEEI N, MlaRALy Y ANEEMUZT
TOHMEIH 5 Gliotransmitter WHHEND LEX SN TEEN, ZOKBRITENEE TS
DTholr, BEZERIZL-T, FOIIRZTREENLTT A bad A 26
Gliotransmitter D AT TV B et Lz, P2X, P2Y ZEEFIE CldEn b v
S AT ARG NER SO0, WTHORE L Va2 I UBERHER LT,
TNE I VS RERETIIEICRER S L4 2 UBEZAEEN UTHIRRN AL T L
e ATPHHERERZ A ERBALNI R oz, TNZ I VRS ERERIEEICT A e
A FETINY DL 2—T BBV, HERNI VYD NEERERIZRD 200 %15
ATP OB BESNT-, BET A oA b 2ANWEINLDOERNL, HEAAD
JL 7 KON T T Gliotransmitter 2= S22 & ATPZBEBRIEIZ L 5704
UK LY T AEM L EENMEN D & TAF I UBRERERRIC X S
ATP BHITHBERN LS 7 ABETREINDT A by A FOiEE(LEBEENIE V2
Mol
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RIERILZ Y T 0> DIFEMIRE ~ D IEHRIRTE Gliotransmitter D7z 72 RAZ B < DT
HDLEBIT, INE I VBB LW ATP IO FTHRALENRIL S U 7 LIS OB b Es
FIEETH Y, BIFEIC b RERHEREOTIRIC R E 2B E bz T E OB HIENAT
HY. FRLL LTHAICEETELDOTHL EEZLNB,
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