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A Review

Function of Glial Cell Network as a Modulator
of Neural Cell Death during Retinal Degeneration

Takayuki Harada and Chikako Harada
Department of Molecular Neurobiology, Tokyo Metropolitan Institute for Neuroscience

Abstract

Purpose : Recent studies have demonstrated the
mechanism of neural cell death, neuroprotection,
and regeneration. However, the functional impor-
tance of glial cells during retinal degeneration is
not well understood. In this review, we summarize
our recent progress regarding the function of glial
cells in neurotrophic factor production and neural

cell death during retinal degeneration.

Methods : We made a rat model of photoreceptor
degeneration by continuous light exposure, and
examined the distribution and expression levels of
neurotrophins and their receptors. In addition, we
carried out quantitative analysis of neurotrophic
factor production in cultured Miiller glial cells and
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microglia.

Results : In the light-degenerated retina, mi-
croglia invade the photoreceptor layer from the
inner part of the retina and increase the production
of nerve growth factor (NGF). NGF decreases the
production of basic fibroblast growth, factor, which
prevents photoreceptor cell death, in Miiller glial
cells through low-affinity neurotrophin receptor
p 75. Blockade of p 75 decreased photoreceptor cell
death during light-induced retinal degeneration.

Conclusions : These results suggest that a glia-
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glia network plays a critical role in neural cell death
during retinal degeneration. Thus, a glia-glia net-
work as well as a glia-neuron network could be a
possible therapeutic target for inhibition of retinal
degeneration.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 108 : 674—681, 2004)

Key words : Retinal degeneration, Neurotrophic
factors, Microglia, Miiller cells, Glia-
neuron network
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NGF : nerve growth factor, BDNF : brain-derived
neurotrophic factor, NT : neurotrophin
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BHELAN—EEZENTWE (K], —hH, =a2—
O bua7 g URERIIKREL 2EECHEI NS, —D
ik Trk 254k (TrkA, B, O Th Y, HBEEMERNIZF
Ty rF S —EiEEE b OEESEET S, VAR
AT 0Fuy rFF—EDERELES
n, MRNOREL oTF% ) YRET 2 2 & THIRAA
THMTENELRZ 5. CHSIEREEDY A > N & EHAE
KHET 22PN THEY (M), ZoFEEER
(Kd ) 1349 10~11 M (V) Th 29, —F, EEEEE
AF (tumor necrosis factor) KD 7 7 3V — TR
FMZEEDODPTEIE, TNTHO=a—a a7t
WEFRETHY, £ KAEIEZH 10 M TH 59, Trk
ZHEEE p TS ZERVRRBFICHFET 2EZB IOV
WL DODDFELEN R INTBY, p75ZHEENEB
MZERIHEST 2V A ROREZHEEICHFIL Tw2
EWSFHL DB, &I A, NEEMEETHI I FEEE T
2 p75 I3 NGF L& T 2 2 L2 k- CRMAZIC 7 R
b=y 2 (7T ARG 2FE T 5 2 Latb
HoTHEOY, @lma—vatu7g VZFERTHD
D6, Trk ZHE L p 75 ZAEKIT ML £ 1B



676

HiIES&3E 108% 115

K1 Sy MBRICEIIZ2Z2—0bOT7 420773 —E2REOHE

NGF BDNF NT-3 NT-4/5 TrkA TrkB TrkC p75

e O O O O O o o o
W Tws Y S

& % SR O O O O O

no i
7 Miiller
) am O O O O O O

SR (AT O A

S LR O O O

A SRR ZE R B WL T HBA A S5 5. NGF : nerve growth factor, BDNF : brain-derived

neurotrophic factor, NT : neurotrophin

LCHOBEEZRI LT AATREERH 2, 727701,
P75 & B MR AT AD T R b —v A DFEEIT
RO —BEIIZ R 5N TH D, R 7% HEIE R AT
faBuz xRS 2700, Led > T, MEDOFHHED
FEEEIL, FEIRT 2 EPALCREAIC X - TR 2 RET #3210
TOLHREMDS D VD, FEmEH 21T S 5 % 2 at i
BrEzoND,

INEFTOHREPS, Ty MEERNTO=2—o b
T4 EZBRDOGH 2T OB ERIDLIICK D,
L Coa—atbu7 4 iZ 707 2ED T LEH
AR B, ZAMRIEICHEEINE OB ST 5
Em2H Y, V7Y N OBRIC—EDERMEEZ LG 2 T
ZHREEDFEZ 55,

M ZMEfEEECBT 2270 7 —fEiHo
2w NI —7

HARZE PR IO T 2R D—D & LT, MR
T RO EEE O REESEH 2ED T 3,
B Z21E, FICHEENE O MRSt 2 5 3 2 IS
W23t L Cid BDNF, #RiE g s+ (basic fibrob-
last growth factor, bFGF) 7z ¥ OF AR HRE ST
BY, MEEIMEPAZERE RN & OB BICH T 22558
PEEINDY, — 7, ZEEOAHEK D »oH 3 L,
ZORE IS VLS CBbh a0y, MEEEREMERE D
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%, TrkCIZHEENEME, p75 X4 EMO, Wb
Miiller #IfIOMIfIZEL THMT % 2 & BHER I N7z (K
2). &5, HWEYRF» SHMED A%y ——%
WTHI D H L (laser capture microdissection ) ¥Rl
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WCIRIEFE RN E & o s v TrkC OFERB A S tz. (Harada, T. et al. Neuron, 2000 & Y —EEek%)
GCL : ganglion cell layer, INL : inner nuclear layer, ONL : outer nuclear layer
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GCL : ganglion cell layer, INL : inner nuclear layer, ONL : outer nuclear layer
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ot b EHEI NS D). o7 A— R 7 a7 ) 7IEEEM I 7 a 7 ) 7O~ —2—Th
%2 EDI1(E, )ik B\ pmxns (F, KHEH). /N—1330~ A 70 A—r, (Harada, T. et al. ] Ner-

urosci, 2002 & Y —&REkZ)

B, p 75 RHIFUATHEIOL 72, %72, BEEE Miiller T
Z iz ka5 bFGF O F 8 & 13 NT-3 28 TrkC 12
WETHIEE>THEM NGF2Rp7h ke d 52
L2 ko TAT 2 2 LR S LT,

PA B 5, SBZEM#EE T 13 Miller fifig THE NS %
TrkC 3 HRMA A ER I, W2 p 75 TR EEER I
B Zenbpol, ZOMREI=a—a b a7 4 B
70 TRl RN URBERICEY, =2a—u a7y
VERFEREFEL T a0 b B E S
ZAEBBEVIFH LAY Z X LDIFEEREL TW5E?,

IV ZMfEECcBsIT 227 ) 7o
2y NI —7

FNTIE, ZHHEECBWT TrkC oiEE&3 % NT-3
BIUDPBIEHETANGFRECrHHBEINZD
722592 —OOuEERHELT, BxiEZisus V7
IR AMICHER L2, 2 7 a2 ) 73R R R
DOHIFETH Y, FEHPIRFEIC BV TIRIEMAL U TREERIC
WFELD, BREAEZRT I EBRELS 2oAsNTY
3, iz, TAWINA~Y—KRETIRI 707 ) 75
B CEA T 2 MRRKEERTFOREDOY A 24 3
Ml 2 e T 2R HEE S TS, LarL, —
HT7YV = VANV EMEEE 2R ORTFE2RHT 5
AREEDS DY, 27w s ) T HENHRAE 2B LE ¢
22EHFEZHNEW0 2T EREERN
THOIZ7uZ VT ORI EDE I BbDTHSIH»?

9, GEROEICLIY I 70 ) T OSmERER L
L3, IEEHECB TSI 70 7)) 7IEREENEI R
L, BRI n 28 IEHCREOREEZRL Tw
72(®6C, KH). LaL, iz EfEE Cliz—&o
S 77 ) 7 EEDET T 2RI O SN ERLE R
L, WEEENCEI R 7 A — R EIEN 2 BREERL
TWw(®6F, RE). LU LD R & EMmZEEEA
DOWEFEREVTER S NI, T TREERM T 77y
WAL IC=a—a b7 4 YORBEBEIMNSE TR0
A

Z T, RICIEERE L Sz i@k, s s 7a s
V7 ORI 2 FR L, BRI S B R
ERTOEARBREERMRF L & 2 5, SR
[k OB S 7 u ) 7 CIik R L s L T,
NGF ZHORBEENERCHEML Twiz, —7, NT-
SEHDOMEEIINGEF t KL T I b T ThoT2
e, NT3WBELTRER I 77 ) 7D FE:
RO BFEENMEEI NI, 2Tk, ZDs7ury
7 B3k D NGF 23 Miiller Mifa & bFGF B4 & % 54
ERTVBEDEEIN? I T, RICIEH R & 54
MRS 2 BEO I 70 /) THEE FE2HE
L T, %% Miller flllg 1z m 2 72 #2 1< Miiller @M 12
B2 MR ERTFOELBFREREMET L. 75
&, WHEAS 7027 ) 7HKRORE L %5 2 72 Mil-
ler B CIZ, EFREEROEE LK %5 2 72 Miiller
AL & b X T bFGF EEA RN L Tz, £z, Z



680

rd
& Miller
(- B
EE<9RAE  pr5/ v 777 b
< AHE

F8H RT-PCR%

HiIES&3E 108% 115
*
120 —
100 -
X 80+
M
B 60
R
LL
@ 40
Ne]
20
O_.
m #T i HT
) 4 ) 4
.4 ¥ B #
H H
Eavyx Py 777h

%2R

R 7 p7BERFEENLI-Io 071 7-Miller #HBaDOF v FT—72,
AT R 5 2 7 0 7 ) 7 OREEMI2/EE L, Z ORE i 25 Muller fifdicinz iz e 2 3,
Miiller #ifgN ® bFGF BEAENHAD Lz, FEOERZ p7 /v 27 7 v b~ v ZAHEKO Miiller fifg iz
75T % bFGF LR Ic bz A >k 572, (Harada, T. et al. J Nerurosci, 2002 & » —&Bek%)

o059y 7 Miiller #RB2
- FGF
ﬁi%@\J;D o || t
mmﬁgﬁl NT-3 //
o O
|
—
awn ) @ 5D P75 51| —t
~a DDDD/ bFGF |
b D
NGF

8 1REMBAZEMHEREIZ 5T 5 3 o 0 g ) 7-Miiller #iia$ & CRIAEI DRy b T—2,
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3k d Miiller fild TR SN -7 (K 7). DL
DOEER S 7 a7 ) 7G5 NGF 25p 75 &/
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RV RERTOEEREZHET 2 2 & CHMED4:35E
a2 ba— L Tw 3 AEEMEARIE S L7z,
ULEZREPICEEDHERBDLI IR DD, TN
7 7 —EEOMEERCmZ, 7Y 7l b
MREEERNT 2N LICEEO R Y VT — 7 BEET B Z
LERTHIREVWAF—ATH S, £/, TOXY b
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