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e S OMEEE (2230) : I clarified the following points; Different glutamate transporters
(GLT) were differently involved in glial cell-related effect on RGC. Major GLT, GLAST
exerted neuroprotective effect on RGC, while GLT-1 exerted effect on promoting neuritis.
Muller cells, major retinal glial cells, showed a protective effect on retinal ganglion
cells (RGCs), while astrocytes in optic nerve did promoting effect of neurites. Several
mRNAs influenced to RGC survival or neurite elongation were identified as key mRNAs for
GLT-involved RGC effects. EGFR, Gabbr2, Agtrla showed protective effect, while Id3.
Egrl, Gjalp, App, Nr2f2 mRNAs were involved in RGC death. I developed an animal model that
enables to observe axonal flow of lived rat retina.

AT IR AERH
(EHHAL : 1)
[ERESES SR & &t

200 9FE 1, 300, 000 390, 000 1, 690, 000
201 0 1, 100, 000 330, 000 1,430, 000
201 14E 1, 100, 000 330, 000 1, 430, 000

A

T
&t 3,500, 000 1, 050, 000 4, 550, 000

WFgesyr iy« [E 3k

BHFE O - MEH : ARSREGRE S - IRBMF
F—U— RNk, JAVZ IV, TVEIVEENT VAR —H —,
REE, B A~ T A

IRZ7 D 7 A, Mo




,

=

FalGLCE

Z

o
=30
§
Al
[
A
S%
H
A
N

)J@;'E?%

o

LS NHD T

b
1%

S

Sl

&
Em N
i

E
H R
r#c‘*

alyl

BRI ES
S
gel!
iﬁﬁ
W&,S
4@((
AT
=
%9—(4
e
T
T
*x
S

B I RS R
FEAH Ok
SIS

FTURS
B0k

S
e
(\‘%
mc*

=

)

FVE Tin vitro 78 5
% O ENEENE RGC &
%@%%%ﬁ LT&7,
EiE RGC OFEE O#IH St
0)ﬂ>ﬁbEﬁEE1EaLEﬁET1Kﬁ)
T D72 O E A DD
2 L7-., F¥7- RGC BRI
CHIAE SR MK < R Y 4R
RGC #H &< 7V 7l
% X L CRUSER V2 &
AR S 22 & O RGC L% #11i]
7H@@%%hm R4 HHE
Z LT RGC WEERBEH S NS
Iz i*ﬂﬂ@%i@ﬁﬂﬁ%ﬁ@ﬁ"é
YEH 121X GSK3 3. MAPKI1,
E@*%@#% t#%%bfw
LN LT, 2 —HEOWE
AR R IR E ﬁ.’ﬂbﬁ
SO L %@n‘*% RGC %
HRHY . ALY TR
2 K%Oho

{

<
—
<
o
H

=aiog
HSRTE

N

A
Eal
I

T

(

S
m-EE-&-:E;
HEER
?rwﬁ%
?%ﬁ

=30
¢4 TR

%$°aﬁ$%ﬁ7
Hﬂ%%ﬂﬁa@“WNS

\y,

N

°NE
=)l
SE

(ONRY (N O S48 A BEES.
R0
FE

A= I B TR

:

i

S
i
=

)

bt
Pz

| Sh=oros
R
At
SrOuH

O Gk B

o |
M
I
m

2. WO HK
FNBEICRBT 57U 7RO E & Tz
T D L &b, 77U TR E N Lk
W&ﬁRGC%®% EH LS BITHRETT 5,
I LI EE I E TOMSE Th
WE?mRGCﬁ@&ﬁ%fWM%%W%@
DERFROEELEE WD I ENHAL
DI UTamd, NP R R = O FE AR I
R EE O EMRE, mk=a—a v
TR EBMETH D, 7 U THEE
EHERMHE A2 L WD, AR CIX
7Y TR A LT R R i R e v
F 7 AT RARAE T L R D,

3. WHEDHIE
a7 —Mlab LIETA RS A K&
RGC DILEE % % ]\ MEHER ik B G i 2
IR T2 B2 O M8 RE A8 A 158 BLAAL & et o
D, BAEHBES ) THMICH L, T2 I
M%?Vxﬁ~5~ﬁﬁ¥%smNAﬁfﬁ
=L RGC & ILHa% U 72 BR D RGC A A7, #P#%
ﬁtﬁﬂﬁﬁﬂﬁ%t@x*"ﬂﬁ‘é HEE RGC (2
ﬁLLﬁH%?W& VIENT VAR —H
—E{ZF% siRNA | CCREE L) T
LEEAR LT-BRD 7 ) T?ﬁlﬂﬂﬂ@@ RGC izx4 5
SR IR D, BLBRADRRP B AT 2N 272
PR 8 fE R S 1 S BUAEATE TR b e
e P R P e e 7 B L 8 (s - 0 9 B RGC
K%@ﬁognﬁ@%k%@%%%@ﬁb
TREEEO @V ZHEE, Z ORTZ2 v
T RGC DA, ff%%%%@ﬁﬁ%ﬂ:_’ﬂ"ﬁb
ok PRI B L BEEE I D[R] - DRZIA Fr A2 4T 9

)

‘DHlL —\

NEEONS SEER(OC OWE

. R R

WEOFER 7 ) THRTHD I =T —
M @R oOEEL2 7Y Tl ThHD T
A R S SRR AR SR (RGC) SEIZ %F
LCEDIIITEMRT B0V TRGC DA
17, MR iR~ 5 % h.Oics L,
ZORER, I = 7 —HIIIX RGC FE DI HIZh H
DFRNT E AV L7z (R,

B ) 7 HERRDRGC ~DFER

#2001

@

=000
1

—| :‘.VOJ o0

N

|:| RGCs cnty

lm\n—m_:ﬁa

Swyivalmte of RGCs

- B &5 B B B B OB B

NMDA

HEF CL BRI O

:fﬁ:. ®
10 | |
2%
= ==
s M
2 =
é 5 []recmes
|
6 RGC
]':‘E SRR
A 1
- Ly
I
z e 02 #5001
Fmpeaed AWIVA
1 1 )
=522
0
0 5 10 20 50
— B

WD

(SWAP: S -nitroso- N -acetyl-] 1-penicitlzmine )
—J5. T A hua¥A MMIRERME DR
EERANI 27—V ERHAS
Mo (EX),
ZOERICOWTITEEELEEDE TH
L7 NI CEEOMENEERET D 7
2IUEENT U AR—Z— (GLT) DOBIEIT
omfﬁﬁbtrmm&ﬁ’ﬂbfmmw%
BE LA MEI LI 2 A, NMDA A
LAST R GLT-1 @ mRNA 2380 L7=, 5 fﬁfr



% D 12 W5 0 SR C O N3 44 C GLT-1
DIFEBLENNA GLAST LW BEE Th->7- (T,

F e = BOEROGLAST,GLT-1-mRNA O R

GLAST mENA sxpression

=)

GLT-1 mENA sxpravsizn

5 ||
1
12 24 44 (s

Effeces of NMDA keading sa GLT: mENA expressios at 11, 24 and 45 bours
GLAST or GLT-1 mENA Jevals wees ansivosd i recina] gHal cafl Sncohated with 10, 33 e of
KMDA for 12, 24, 45 bowrs. Amovats of GLAST (A} and GLT-1 ) mENA wars desnmiced by

gastitative seal-ime PCR with 100 sz of cDNA in tripricate Ralative goatification of geoe

apemuion was calvulaind 2 2 e whoes smto] sxpraicn i 1 AT dets 2 epemased =
rmaen + SEM {1 houry: o=f | Mhones: o=12, $8hones: cb) # < 2001

% pm00, F :pe0 03

TNE I USRI ERITH B, MK-801
T 5 & GLT-mRNA OFEELAINH X tu7=
7=, GLT OFRBIINIL I N & I Uk
ENLTEEbOTHDZ ENFEHAINE (T
),

T = R E A ERIOGCLAST,CLT-1 REU s {5

o "

1.6

1.4 L

12 1

104 =

[1E}

0.6

0.4

0.2

’ 0 33 10 33 03 0 33 10 33 3 (mM)

MKS01 MKS01

I GLAST e GLT-1 !

Effects of NAMDA beadize on GLI: mRNA rxprezsion with aed without MESIL
i rotimal ghisl cells.

GLAZT or GLT-1 mENA levah woews andhyoed in setina] SHal oalh sncohated with
33, 10, 33 mM of NMDA for 24 homrs, with or withomt ME 301 trasment Amomet
of GLAST (wviits bers) and GLT-1 (black bars) mRNA wers dsterrmined by
ignzntitashe real-tims PCE with 100 og of cDNA in sripricass Ralasivs
guansication of target cDNA wa detesmined by arbiradhy veing the contro] vate
from samples withoot NMDA aud MES)] srectment o 1. AT data 2o socpmansd =2

mezn + 3EM (o=120 * 1 poll05. 5 =00l

EF/p GLT T&H 5 GLAST & GLT-1 @ RGC I
ST AHERAZ LT D700, TNFHOML

EHITH % ROT & DHK ZFshN L THE# RGC D
EFROB 2GS LT, £ OREE, GLSAT
DOFEEFITH 5 ROT 1T RGC DAEFREZL T S
H=Dlzxt L, GLT-1 OHEHRITH 5 DHK 1%
RGC DAEFRE EH 7= (FH),

GLTORGC Hr ~OfEHI
*
| § § |:| control
Oror
100 4 —== —/ir— —jd
—

Survival Rate of RGCs (%)

50
"
60 *
1
40
0 0 10 EX]

NMDA (mM)
Effect of GLT: inbibitars sa RGC murivak.

T Ml of sofienia (ROT) {gray bea) o 100 g of diinadrolicdc acid (DHE) (black ban)
with or withost NMDA woerns pra-incobaed with retinal glial cdfly for 30 mimste Afisrths
protreziment, the culiere madinm wes smplaoed 20d iocohaied with fresh medinmwith 0, 10
or 30 mM of KMDA for additiona] 4% howrs. Call viability were maloed ming
quansfication of ATF presenoe i the ol Survival of calls & pressnted 2u 2 perosatzge of
e absorhancs with GLT inkdbhcrs-traaied coll divided by that with ool oot scpossd 1o
KMDA Afl daza are expresesd 2a the memn +3EM (o=11) + p<00L 3: p=0001

INODFERMNS T2 I OB
FIZ 7V I VB REENS LTI LE
VBN TG AR —H —DREELESE S
Tl FEEAEIN L 7= GLAST iXHfast oo 7 v
I UBRE T TN AT Z LT
koT, sz I R AR S
RGC Z{Ri#ETHZ &, —J7, GLT- 113
U7 MRS AR NI R L7l 7 L &
UlEE MRS T A T Y TR
DOEFEZHERF L TR . MRS M K
HEN7= 7 & I RS RGC IR L CREER
WCIEHLTWA EEZ BN, ZhbnZ b
IZGLT ORHEREH 2 hr— L35 &
TRGCRENHIFHTEH I EERL TV,



RGC 12X 25 7'V 7 HIM OB 2 Kt L=
LA, WO TER 7V THIRTHD R =
7 —HEIEIE RGC AEA BRI 2 Dokt LT, i
MROFELRT7 VTR THET A had
A MRS E ORI L v 2 B AR
L. 70U THIKIZ X 5 RGC ~DEEIZEN B
DT EMNHBH LT,

YL EDORFNS, GLT OIEHIZ W T FD
TN EIITREE LT,

B 724 IRIGLTOfEHIO

DA
33mM

=) BUGC vamiral widh posmsl plnd =2ty '

) ELAST mxpemmies (mRNA e
A Gkl

) ELTt oo (mRA, press]

=) ROCs zundeal with sl gl ol
B GLAST sbdaads)
B} Ex ool g formic =

-

t

t

7’

S ~
'

t

€ GLT mbiints) =
—-

|
|
DROC murviel ik il gl s |
=

= ExmmeeTile plasmme T

WU AH EmECTEREE

asFs TApOArto asre TApoArto

1 E-cadbarin] 13 t 12 Eropd
2 Ck 15 AanZ

Gjal t 17 K
4 Adm 18 Gl

Agos 19 Cank
f S t m Myata

Agtnl t n Hgetl
8 oxcll2 t n Ke2fl
3 168 . B Fafel
10 310024 M4 Paprk
1 Earl bt Asger
1z Nelf2 T b App
13 Agwiz T n Catrand
14 Gabbel

t
t
}
t
'

Chanze of RGCr survival, GLTE expression is redeal ghal cell:, snd excracellalar
shetamate concentraton snder NMDA stmelation

5. ARG LE
(WFFEfRFA | BTTEHE R O e84 12
TR

A 2)Effacts of retinal ghal colls o cofl vizkdlny in RGCs compesd to RGTs survival withont
atina] gzl ool Bjend o) showes e sxpreusions of GLAST aod GLT-1 in seinal ga ol &)
enxtracalislar gotamats in coliore madiem fom moa] ghal oelh B, C. ) RGCs vervival with
oz gzl ool protroztmented with GLTS inkbiinr comparmd to fhe RO survval wifh rotind
gzl oalls predocubaied i the abseace of GLTL dabdbior . b) swiraceliolar glatamatedn cultare
emadinem: from seinal Zhal calls pretretmetad with GLTs ixtebitor

RGC 1T T HEH Z O@ENEH LTS
72012, DNA F > 7 & HW7 U 7RIz
% mRNA OFBIO B ZIT -T2, & ORER,
EDOT—TND XD 7B TREOBRINT
A bhvaHA hEMEES Y TR A ISR
DTN L, BITEZ NG OBIEFIT
DNWTENENDOIEHZMF LT\ 5,

UdesEsmse) GE 14 14)

(D Furuya T, Pan Z, Kashiwagi K. Role of

retinal glial cell glutamate
transporters in retinal ganglion cell
survival following stimulation of NMDA
receptor. Curr Eye Res. ##HA 2012
Mar;37(3) :170-8.

Kashiwagi K. Efficacy and safety of
switching to travoprost/timolol
fixed—combination therapy from
latanoprost monotherapy. Jpn J
Ophthalmol. ZHiA 2012 [Epub ahead of
print]

Andrews J, Chang DS, Jiang Y, He M,
Foster PJ, Munoz B, Kashiwagi K,
Friedman DS. Comparing approaches to
screening for angle closure in older
Chinese adults. Eye (Lond). #&FHiA 2012
Jan;26 (1) :96-100

Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S.
Association between genetic variants
associated with vertical cup—to-disc
ratio and phenotypic features of
primary open—angle glaucoma.
Ophthalmology, ##tf, Vol.119, 2012
in press.



®

Pan Z, Furuya T, Kashiwagi K.
Longitudinal Changes in Anterior
Chamber Configuration in Eyes With
Open—Angle Glaucoma and Associated
Factors. ] Glaucoma. Fraif 2012,
21(5) :296-301

Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S.
Association between SRBDI and ELOVLS
gene polymorphisms and primary
open—angle glaucoma. Invest Ophthalmol
Vis Sci, #@efr, Vol.52, 2011,
4626-4629.

Tanabe N, Go K, Sakurada Y, Imasawa M,
Mabuchi F, Chiba T, Abe K, Kashiwagi K.
A remote operating slit lamp microscope
system. Development and its utility in

ophthalmologic examinations. Methods
Inf Med. #EFiAT 2011;50(5) :427-34.

Furuya T, Mabuchi F, Chiba T, Kogure S,
Tsukahara S, Kashiwagi K. Comparison of
the anterior ocular segment
measurements using swept—source
optical coherent tomography and a
scanning peripheral anterior chamber
depth analyzer. Jpn J Ophthalmol. ZHt
A 2011 Sep;55(5) :472-9.

He MG, Lavanya R, Kashiwagi K, Friedman
DS. Single versus sequential testing
with scanning peripheral anterior
chamber depth analyser, IOLMaster and
anterior segment optical coherence
tomography for the detection of narrow
angles. Br J Ophthalmol. #FiA 2011
0Oct;95(10) : 1410-4.

Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S. Lack of
association of common variants on
chromosome 2p with primary open—angle
glaucoma in the Japanese population. Proc
Natl Acad Sci US A, #&FHif, Vol. 107, 2010
E90-91.

Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S.
Estrogen receptor beta gene polymorphism
and intraocular pressure elevation in
female patients with primary open—angle
glaucoma. Am J Ophthalmol, &EiFif,

Vol. 149, 2010, 826-830 el-2.

Kashiwagi K. Change in trend of newly
prescribed anti—glaucoma medications
in recent nine years in a Japanese local

community. Open Ophthalmol J. &EHH
2010 Apr 28;4:7-11.

Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S. Lack of
association between pb3 gene
polymorphisms and primary open angle
glaucoma in the Japanese population. Mol
Vis, &#HiA, Vol.15, 2009, 1045-1049.

Kashiwagi K, Tateno Y, Kashiwagi F,
Tsukahara S. Changes in anterior chamber
depth due to contusion. Ophthalmic Res
A H42009;42(4) 11938

(Fa%EKR] GHT1H)

@D Kashiwagi K, Genetics of
Normal-Tension Glaucoma APAO 2012. 4. 15.
Busan

© Mz, BHE—-, ARIE, IR
KB, fE#m=E, BIREMHE Estrogen
receptor betailBfnF2% L IRIE D I
ST, AARIRFFS 2012.4.6 HOL

® Kashiwagi K, How to detect and confirm
progression and use it to
manageglaucoma Stereoscopic optic disc
viewing:Top tenpitfalls in identifying
glaucoma damage and progression, WGC
2011, 6.12. Paris

@ Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S. Gene
polymorphisms associated with optic
nerve vertical cup—to-disc ratio are
risk factors for primary open angle
glaucoma. Annual Meeting of American
Society of Human Genetics 2011.10. 14
Montreal

® MWz, BHE-—-, ARIR, IR
KB, fREm=, BREME |EEC/DiIC
B 5.4 5 BB 121 & RO B AR A kN
fE & OBIHIZOW T, HARENFE SRS
2011.9.24 %M

® Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S. SRBDI
gene polymorphism is associated with
normal tension and high tension
glaucoma. Annual Meeting of American
Society of Human Genetics 2010.11.5
Washington DC

(@ Mabuchi F, Sakurada Y, Kashiwagi K,
Yamagata Z, Iijima H, Tsukahara S.
Association of the LOXLI gene



polymorphism with exfoliation syndrome
after intraocular surgery. World
Glaucoma Congress 2009. 7.9 Boston

() G414

O mARG, FILEE, FHEOZDOIR
B s 4Y) 774 2012, 122-132

@ MARBE, Ok, IRTFINF, 6 FEPEE,
L —F— AR, 2012 : 332-336

@ ARG, &N, B JFEEEE @)
Fk P B T 12 B 3 2 B alr o I e B ig
2011. 53(10)1327-1333

@ WMAEME, AT 4 HLFE, Frontiers in
Glaucoma HUEEP BRI DO FIRL L O
7578, 2011.41: 52-56

(P 3£ 4 PEME)
OHREREL GE 1)

AR IRFHEIRZ K S AT A
TR FUORENR, MBEERRR, (PR &
MERZE LB

FE¥E - AR

&5 1 2008-284273

HFEAEH B - 2008. 5. 21
EINAA DR - [EN
OFFRIL Gt 114)

A IRE MRS E

FAE - HAREG, PIES
HERIZE  ILBURT:, Z ¥ &AL 22—
FE¥E - AR

%5 . 4878604

BA4H B ¢ 2011.12.9
EINAA DR - [EN

(£ Dfth)
R—brl—
http://erdb. yamanashi. ac. jp/rdb/A_DispIn
fo. Scholar?ID=11CB59E63296DFFE
http://sangaku. yamanashi. ac. jp/SearchRe
searcher/contents/11CB59E63296DFFE. html

6. WFITHAAR

(D AFZEREHE

HiA BI5 (KASHIWAGI KENJI)

B RS « KRR 2 TR AR ZEES - #eZk
5%

WF7e&3 5 30194723

(2) Wrge sz

R S (MABUCHI FUMIHIKO)

IHBL R « KRR E R T AR AT FEER - Bh#
WF7eE %5 20322125

Hh3E i (CHIBA TATSUYA)
IIBLRC S « KRB E 2 T AR - Bh#
WF7e& %5« 50402061

(3) HHENFFEA
L


http://erdb.yamanashi.ac.jp/rdb/A_DispInfo.Scholar?ID=11CB59E63296DFFE
http://erdb.yamanashi.ac.jp/rdb/A_DispInfo.Scholar?ID=11CB59E63296DFFE
http://sangaku.yamanashi.ac.jp/SearchResearcher/contents/11CB59E63296DFFE.html
http://sangaku.yamanashi.ac.jp/SearchResearcher/contents/11CB59E63296DFFE.html

