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A Review

Past, Present, and Future in Leber’s Hereditary Optic Neuropathy

Yoshihisa Oguchi
Department of Ophthalmology, Keio University, School of Medicine

Abstract

Leber’s disease is a disease of optic atrophy first
reported by Theodor Leber in 1871. Since then, 130
years have passed. Recently, several new findings
about the pathology, causes, and heredity of this
disease have been made. In 1988 Wallace and others
reported a new mutation of 11778 base pairs of
mtDNA of patients with Leber’s disease. Since then,
the study of this disease has progressed remarkably.
In this review clinical studies on Leber’s disease
which were carried out in our department from 1990
are summarized.

1. Genetic diagnosis and clinics

Two hundred and twenty-four cases were examin-
ed, including patients at our hospital, for the 8 years
between 1990 and 1998. Among them, 72 cases were
diagnosed as Leber’s disease. There were 3 cases
(4 %) of 3460 mutations, 63 cases(83%) of 11778
mutations, and 6 cases(8 %) of 14484 mutations as
primary mutations. The reasons for performing the
genetic diagnosis were mostly the need for a defi-
nite diagnosis of Leber’s disease and research on the
genesis of optic nerve atrophy of unknown origin.
Concerning the secondary mutations, it was con-
firmed that these mutations were polymorphic as
seen in European and American patients. There is a
problem of heteroplasmy about the mtDNA muta-
tion. We developed a simple and exact method to
evaluate heteroplasmy by using polymerase chain

reaction-single strand conformation polymorphism
(PCR-SSCP). In a study of peripheral blood samples
in one family, Leber’s disease does not appear under
conditions of less than 60% mtDNA mutation. As
for the three kinds of mutation in Leber’s disease,
cases of recovery of a visual acuity of 0.3 and above
were only 7 % in 11778 mutations, but 38% in 3460
mutations and 50% in 14484 mutations. It is assumed
that visual prognosis depends on the kind of muta-
tion.
2. Characteristics of visual evoked potential (VEP)

In pattern VEP in the acute stage, latency was
not delayed very much, but the amplitude was low.
On the other hand, in the acute stage of optic
neuritis, the latency was very much delayed and the
amplitude was diminished. Therefore, I deduced that
not only demyelination of the optic nerve fibers but
also papilla-macula bundle defects may play an
important role. In flash VEP, only the amplitude
was low, but latency was normal.
3. Image analysis of the optic nerve

In high resolution T2-weighted fast spin-echo
magnetic resonance imaging (MRI), the image of
the optic nerve can be clearly demonstrated within
a short operation time. In MRI in the acute stage of
Leber’s disease, the image of the optic nerve appear-
ed almost normal. But in the course of time, patients
with Leber’s disease showed markedly high signals
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in the optic nerve on the T2-weighted fast spin-echo
MRI, and in the atrophic stage the image of the
optic nerve showed thinning. The results in this
study support the hypothesis that a primary lesion
in Leber’s disease may be intraocular.
4 . Possibility of therapy at the present time

The effectiveness of using idebenone combined
with vitamin B,, vitamin C, and isopropyl unopros-
tone (Rescula®) for recovery of the circulation of
the optic nerve head for patients in the acute stage
was compared with untreated patients. In patients
with visual acuity of 0.3 and more, there was no
statistical difference between the two groups. The
recovery interval up to 0.3 was significantly shorter
in the treated group than in the untreated group. I
suggest that this kind of treatment may aid sponta-
neous recovery. Among 15 cases of Leber’s disease
which occurred in the patients teens, at least one
eye in 8 cases(53%) recovered to 0.3 or more.
Among the 8 recovered cases, 5 cases were from the
treated group. On the other hand, 6 cases were trea-
ted and 5 cases recovered visual acuity. It is said
that the patients developing the disease at younger
ages have a tendency toward visual recovery. Phar-
macological treatment can aid recovery.
5. Visual function after the recovery of visual

acuity

The recovery of visual acuity in Leber’s disease
has the characteristics of fenestrated central
scotoma. The visual acuity can be recovered by the
appearance of a small part of sensitive area inside
the absolute central scotoma. This phenomenon
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coincides with the results of VEP which does not
recover in spite of recovery of vision. Good visual
acuity or bad visual acuity depends not only on the
recovery of the total area of the central part but on
the existence of an area with good sensitivity. In the
results of a Humphrey visual field analyzer (10-2)
obtained from 8 recovering patients, the part nasal
to the fovea was more sensitive than the temporal
area. In the early stage of visual recovery, scanning
laser ophthalmoscope (SLO) microperimetry can
detect this sensitive area, and with the enlargement
of this sensitive area, the Humphrey visual field
analyzer (10-2) can also detect this recovery area.
6. Strategy for gene therapy

We have succeeded in cloning a human retina-
specific amine oxidase gene which was found specifi-
cally in retinal ganglion cells. By using this pro-
moter, we are now developing a vector specific to
the ganglion cells. The fact that there is spontane-
ous recovery shows the possibility that some papilla-
macular bundle may exist. In Leber’s disease, retinal
ganglion cells may die from the mechanism of
apoptosis. Therefore it may be possible to treat this
disease by transferring the apoptosis block gene to
ganglion cells for protection, and to protect the
cells from death by apoptosis. (J Jpn Ophthalmol
Soc 105 : 809—827, 2001)
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KIBIZB W TRV —OWEBRERb IS, 11778 R
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S—EIEY, —f, ELoPFAOHEEIREST X
SRR, S b UNYTRTE, SHEBRCBIT 2%
S mtDNA ORI X Y FREOHHE, BESHEBEL T
W5,

BRI mDNAZEED~T O 7T A I —DER% po-
lymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) i % Fi T /L% #H 7z
WHAFE L 72%9, K4 AL, #E€RD PCR EY % HIREES
Tk, ESWEKEITHEEL, §7 77 AV NORER
EETAHHETHL, Zhicl3, BERIGHTEIITD
NRWis EXROLOMENRDY, FEENTHLDT,
T2z 4B D X 512, PCREVICHIREERIG 21T
52 &%k, SSCPETHAR R ESBEL, BE

VRO E, BE, S0k -0 815

A
40+
A
30
3
fE 20
#H
10
0_
0-25 26-50 51-75 76-95 >96%
%ZE mtDNA
B
40—
A
304
%
& 20
#H
10
O T T T
0-25 26-50 51-75 76-95 >96%
%% E mtDNA
X 6 L—~NIEREE LITI8EEATOTSRAI—ND
BEf%.

W5, O 2GR 33 X v 5IHD

%4%—97%34&—Tﬁibk LV—> 113 4E
B, v—r 2 3ERBMTEhWICOEEINS, L—>3
~6 bi/\TD7°77\ S—DRRTHBH, 200D/, F
DRENLSEMRICERESN S, 4A TR, HIRBES
Sfa NI & Mae O 2 FHET 11778 R AMRH L T 3
2%, Sfa NI Z 11778 2882 & 0 BB iinz{t L,
PCR EYINHLE L 55, ZOHE, 1MTT9ER
THHLINTBEEDO Z L 83H 5D T, &3 Maelll
(11778 251z £ » PCR BN HL S 3) 12 & 211k
bITH T EBEETH 5,

512, 11778 ZERD~T O ST A —0D 1 KHR%ER
3. PCR-SSCP #hiz X 2R &0, Fo2AT
1E, V—UUIERFEREE D 11778 ZZH mtDNA D &7 53
77, 59, 58% TH B DR L, FIEH TIF 90, 95% KL
b, 95% EENRASN DD, T ORERIEAKRMIM L~
TONTRERT, ERCHERETCONT a7 A1 —%
DFLUHBRML T 2T TR, Lid>T, 20
HETHBSNIAT O ST A —DORER T TRIEDE
LRI LILRBHLVEEZONEN, BET—FI1C
3astBEbhs,



816 HIES3E 105% 125

A BIEIRRE RAEIA#E RIE148 1%
1125
Check size /\/\/\ 115 120
40’ \’-\«/\/-'\M W‘—\/\/‘—/—
Nigg _,5“\/ 7.0 90
50msec 1225 1225
20’ \
81.3 87.5 o7
W\, 127.5
s \\/\,_./" B N
10 90 97.5
125.0
5 N P VSN
105
" 1.0 1.0 0.6
B BIEIRRF REIAE RIE148 7%
Stimulus intensity
—2.0 S% \!.»—\/W){O/V‘ W
log unit 75.0 J 5pV 775 50
105 50msec 107.5 110
—
—1.0 \,\/\/\/ 73.0 %
61.3
(2.00) 655 63.0
"_h 1.0 1.0 0.6

7 L—NIVRRMRRICE T 2 RESZREM(VEP),
A8y — VR VEP, B: 75 vy 2 flli VEP ik 38 & W FIH)

A B

msec
100 +

90 'L

Latency time
o ]
o
t
Amplitude

70 T

60 -+

T T 4
—2.0 —1.0 0 0.8 log unit —2.0 —% .0 0 +0:8 log unit
(0.3J) (2.0) (0.3J) (2.09)

Stimulus intensity

Stimulus intensity

8 L—~UVREMHICHEITZ 75 vy 1 fERESREN
O:IIEFEA, @:v—Ulfhs, [ SHHREESE. A FIEGEE SRR, SR EHE OBRE,
EHEAGLp=0.0006, *2:p<0.0001)% L —~OULFEEEZE (**1: p=0.0242, **2:p<0.0001) L h b EHE
WWHERL T3, B RIEGEE —IRIEMLR, SHRREES X Or — VRS OIRIRIE, EEACEE
BEIETLTW(*1:p=0.0027, *2:p=0.0023, *3:p=0.0003, *4:p=0.0001, *5:p<0.0001),
MR EE &V —~OURREOIRIEIX, BEOZEIZ %W (p>0.05). CUE 38 X b 3I/)

TR IT v —~ UV 36 TR T4 BIOD 11778 ZRR—A~T 0 7 P T0% TH B 0%, FemE O T 89%, % DFH
7 A 3 —% PCR-SSCP =TT L 7230, 2D 5 b i DA TIZ100% LR ZREZICON T, 25 mtDNA
BEE 44 B0 (BRI 38 B, Zethix 6 ) TH B, RIEE DEDPEIML T 572 (R 5)., FKEED LWL —~ UL
FHF30HIHEEIF B, LR 21H)TH B, 36 KA OEEICIE, HRICE VAT e T IR I —DRERL

DB, NTOUTITAI—DASNT-5RKL18FICE LZEVWIBHRBASNDHEESESH S, M6A L, V
W, SHRTONT B IR —DERZToT. i — VR EFE 44 i B 1 5 mtDNA RO ERHER T

Rix, FinEOBOMHATIZ 11778 252 DNA 0 EHI& 13 b5, BENBHEEE, ARSLPLERETHS. BED
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LV —OVIR O, BE, AR - /NE 817

9 L—~ILEDEREMR.

A RMHOIRKEE, B: 2fEHOOLIRE

Y, BEmtDNA OFEX60% U T THNIEFHEL T
WhEWIZ EERRT. 6B, V—ULERFLE 30§
B2 mtDNAZROERERTH 5. BHHE,
BB Th s, ETRER mtDNA %1%1F 100
RFSTOWTHERIELICL W ERbrd, B, &
HIIEREZDL > T TOHLREL WO RIATH %55,
NS T, TRk, FHIEBEEFR SR
ZHBEME D 5.

IV ESAEHERREIC X 2 EREEY

L —~OUR I RIS AR R L RIS REET, A7 a4
FIBESEFEICIZZ L HRA SN, BT RIEN A
SNEo T ODBIRTH S, 22T, FHREEDHE
ANCHEFEREM(VEP)SEHTH 2 12T % &
Eyiz, RN —VHIEE T Ty v af#To VEP DR
i & YEIRFIC D SRR UATE OFRRBIC D EH T 5,

BI7AZ, 23BEMD I Fa> FY 7 11778 H%2R
EHROV —~IVREZEDHIRD /Y — >~ FllE D VEP (P-
VEP) OfiEZ2Rd. LIRS TCICAESFIEL TH D
PR A v~V TH o Tz, AIRFEERY TR
1.0 Th 5. EEREHOAIR VEP 1& 4 DOHEH 14 X
KBWTHEBRIEE Th S, HEHKIHETHITIZ1.0
TH 5D, SRV A X T N80, P100 ¥HF D LR 13
ETh3PRIBEIFHET LTS, HEZI4HE
TR E LR A XD AKICHE SN, IRIEOE T
ZHIT N80, P100 HRFOBIE DS L5 T WD,
FIRROBERP N ETIKBHFEINTED, V—ULJF
TIFFARERHE DBl R DR B R E (Bl & AR O

(A DfER, C: 2 FROIRKEEE (A ORER)

HRDBEZ 5N T WD, 7B, FCEED 7
Z v v afll# o VEP(FVEP) © §¢J¢ % 77 9. PVEP i3
EFHTIE R WD, EREERIE TR OIET L7 F60E
75 14 HEH T VEP RIBIZHA & & F L Twie,
L L, N80 % P100 #HRFDELE X 72 h -5 7z,

B8 1%, FIER 1 »HURD LV —~VED B 12 4
18 IR & SRR D B 16 5l 18 HRD FVEP OfERTH
%30, 4 BRSO 5R S FREGEE & N80 ¥k, B X MRIR
EOBRERT, HMREDOEZEDFIZIZ8HID MS
BENEGEIN TS, NRE L CERHIEZ L IEER
A 30 1 30 HRZZH U7z, RIS 7 7 v ¥ 2 K
T 4 BEFE D5 S OBEEE OHRIE 2 7 3R —HRIE Hh#R %
DEEMENC, B & N8O #FHF O BAfR % 7~ 3 BT — & E il
fEAANCRYT, RIFCEL Tk — ULk & R A
TRIEHHICHE L TEEICEIREIETH % 25, N8O
RRCEA U IR R TR OB R 4 553, L —
VIR CIZIEHE NOER:  1ZIZEETH VBT 2o
Jz. INSDFER» S, AHHO LV —VFIZBWTIZ
Mkt OEE X D &, RO — LI O iR
EERBHLTWB EHZ SN,

LV —OWR O AN AR OFEREZEL, LIl
ISR L2 SN CEIBRE A 7 04 R
Hanz ZepaRicizZ o, BICKRBERD %W
L — LRI B W TIE IO & 9 A A Shte, BIE
TS MaYRY7BETERRT 2 2 L THREDZH
FEG > TETWwD, —7, FAREAEALS MS 1<
BV TIE, VEP ® N80 % P100 ¥ FEF 0 32 4E A3 454142
ENT, FEOBWICLICHEINTE 2, HHRRDY
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HIR=EE 106% 125

X 10 BERAE I I—EIC & 2 REREHREEESR (MR (T 2 E5EES).
W53 TR 4000 msec, TE 104 msec, 7 — % %k 256 X192, fNEE# 2 B, A F A Al§4mm T, ¥
EERIZ 2 4> 12 B TH B, %8BT General Electric #: Signa 1.5 T 2f/H. A :IE® A, B: HfigsEmEHasE

BT, 77y afliTy Ny — VRIBOGETHE
FEDBIEN A N2, —FH, V—OFIZEL T
Dorfman 5% PVEP % 2 flD B#F 1> X ZEek L i
R, KR 1A CREBRIZEE T2, FEl»
AZBE2 LIRIEOET & &b ICHEROBIEL A 5Tz
LM L Tw B, Carroll 598 A%E O PVEP % # &
L, P00 WE OB IZE»TH 25, RIFEOETIZA
EVILEERHEL TS, BLAEFHFI»ANAD
PVEP ek mlRE A iE B 2 MGT L 7 f5 51, IRIg B L
TEEPRE TR F = v 7 A4 X (EEEEE) vs #EIE
HRTIEFUFREZ E2DIIHLT, V—UETIX
ERNZERZRL, F2v 2794 ZX10, 20, 40550
WINDOKIGOIEFEHLI DV ERCETL W, —4,
P100 #RFIZBEIL T2 10, 200D F = v 7 94 X THE
YR DBAE % BTz, Ln L, TR O PR DAL I
s 2 L EThH-o Tz,
DEREEDBE, LV —UUEREIHICB LTI,
PVEP T3 RIEDIET & BEOFBREOBEN A 511 5
DXL T, FVEP TIXRIEDIET I3 4 & 1 2 23351k
DEIEFZASNE N, ZDXIICFEU VEPTY, /3
Y —VRBE 7 Ty v 2 R CIERIEAS R 72 % O

ToH» > ». Kothe 593 PVEP DR ICEIED A 5
NBREFNC critical frequency of photic driving (CF-
PD) O #: % % 1TV, luminance #ll# ® CFPD T3 K it
BIEHTHL Z & rlE Lz, £72, Nakamura 547
BRI & B B RG 2 e L 7CAER, TR Tk
BAE 2 KT 28, RRECTRIEEORIGTH -7 2 & ek
L Tw3, Wakakura 5*% L —~VE O X6 K12
DEMRL, NETREZESIREES S » eHRE
LTw3, SHEREIE W MR EERTH 2 O
T, V—-UUR TSI FE 2 5 &5
ZA6NTWwW5, Ld->7T, luminance flif & FVEP
TIRIEBRFOEBIEITA 5T, PVEP TIXEE DOERED
BIENAOSND EFEZo5ND,

V  EGRZENIC & 2 REREE

1980 £ % iz Nikoskelainen 52 &M O v —~ )L
RO AT R L ORER, HEREEZIC L D
ANCIRET U, ARSI LIRS R R MR M A E &
5 EARAERE TH 5 LRIEL, v —LJE % Leber
hereditary optic neuroretinopathy’ & U Tk L 7.
X9, AMHHO LY —VEBREDIRKEE(A) & H#E



TFEC13 412 H10 H

11 L—NIRDERAE T I—

EIC & 1R MRI(T 2 383RE1E) .

V— OV D, BIAE, K -0 819

AL V—OVREMEH, BIIEWA, C:ERGMERESHE, D ERGEMEREHE O GAd-DTPA E# < &
% T 15iE R (C OERD, E v — 0 matElORFETEGR, F@v—OVRRIE 3 22 A% O KW

% (E OfEH)

E=b) idebenone

o :

AR

0.5
RAOEERA

SIE
1RE&?

0.11

7 8 10 11 12 1 3 4 5 6R

8 2
19904 19915
X 12 RAHEHEL f L —~IEREOEIERS.

REEEEHEC), BXLURER?2 FECHRMPRERCK
S lREEERT (B), HEREERE T, AME LOREN
EHIME OZFHLALEN A SN S, @I, #EEGULE)
FRIEZ ORI 203 T, FIRSKVA, Akl
WBEIRDS AR L, OFEEIFIT1:1 > Tns, %
7z, AEBEMEBOBIROFTEELEL Ao 5, A
DIREGE TIFFLE IR KIER) O I H 4 5 1,
Nikoskeleinen 5 D5, fEEREHEZRE T 2R LA
bz, iz, HABEORELAONEZ W E0o,
FLHER EZERI e TH 5. 22T, Ay —v
TR DIREE D EEDEREDPIRAD» 2R 2 12012, AR

ARG LB E S (MRI) 12 & 3 Ei{G2 W 2 et L7z,
PEFEFE B 2ERRE T, 1990 4EEE MRI o T2 5838
GIZEEA E Y o a—FEB L OIEHNEREOBEHIC X
MG L Tz, LR T2 MR 25 2 121349 12
o Tz, EERA Y VL I —kI3 RGP 2
STTEDLRD, KENCL 2HENIFZEAERL,
FEHSHABIC R ) S A, BRI A RAE BT T b o 724900,
10 A, TEHAD MRI T2 SEHEGETHS, < bE
T R 2 HBICEBR TES 25 2 M TE S, M
10B i, SHMREHEOBET, FHEL VMRS
FOZDOHEN o1 b THENBIE SN S, K111
V—~ULE D MRI AT R TH % 28, T2 @AM &TId v
—OVE D AMEII(A, B)id, EEA®B) LIF LA EFH
RicZiz v, hEIZZEIRO AP O HHE R OER
TH 5., T2 MG CHMR ISR L2 (C), #
FY=v 22k 2 T @HREGRTIIBEEI O HHsh
(D), V— R EIZHS I REBFRTH S, F i
E & [E UEERITHAE 3 » H R O HMREAEOM A TH
%, AHEEMRZEEERY, EERTIIEMREEROEE
NELZoTWwE ZERRT. ZOFTRIFERE DEMRE
DEMHOEALEZKML TWEbDEEZ NS, Thb
DFFED S, AV —~UUEDRZE O FEDIENT
HDBEIFOVZBOBH, Dl L HYREDKRELZIFRT S
A I31E s s dp - 7250,
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x 6 L—~IEOEADEE

SeiEn SBNE
sy RERSBII s s 0.3
Emtmaey  EEEEET e

3460 255 1 2/4 BR(50%) 13, 14 »H 46, 48 »H

11778 2552 1 1/20 HR (5 %) 24 48

14484 2552 1 4/4 HR(100%) 12,12, 22,25 17,19, 26, 37

17.4%£5.9»H 34.4%13.7

Sl n 5 7] )
SR Wrthz g SO OB 0.3

Ay % TOHAM
3460 252 1 1/2 R (50%) 13 »H 22 »H
11778 2% 1 6/22 R (27%) 8,9,10,12,14,22 10,11, 15, 24, 26, 33
14484 255 1 2/4 R (50%) 6,6 8,9

11.1+4.8* 17.6+9.0**

*1p=0.03, **:p=0.01 EHH+ITAEMRRE

VI o REN:

L —OVEDRFRICEA L TiE, R & Tl
WFIZIFIE SN TV LM 7z 2B E R IT 2w, 2 b
ARV T7OBEBFLERD CoOQIOFEERTH DA TR
/> % 1990 R, 10 k5B R OERNC RS T 2 s
550, HANEIE L 2 & 2EEIcE L iI/—J\Jl/{'—OD
BFRICA TR URRET LI, 4 TR VIO T
BN ZWIZDRANDOBITHEL, I bary Y70
BFEERCEAL, MIREEE2BRET 2. S5 hE
BEECKIGOIE, 7V —F A VOMEEER 2R,

£ Ol 105, BR

* & ﬁﬁﬁﬁ?

IRREE D 1990 £ DB O ED &, BEHIZ T & 2
CRZTOWEVOTEELWAERE U TV, FC4E
FORER R0 72 DT, HTEA T2, 5 D%
BEZTHITR2ERIN, E2ZZ L5, B
EFRDFMERE 12 0.1 T, LEMERDEESSED N T
7 B BERBRFREREIAE N S v,

BEfERE - Rt s 5 2 &z L.

KIERE - ;5 ORI 2 A & HRNC RS O B
b5,

VISR -

WA AER=0.0600.08X4+0.5Dcyl—1.0D
A1807), A HR=0.08(0.1X+0.5Dcyl—
1.0D A1807).

HIARES, @A BER L.

SHERIG @ TEH.

R E  WARMEAEICLEMNEA Tho T
28, FMRATEO R 2 <, AT OMIEINE 1%
IZIEETH -T2,

BETFHE D mtDNA 0 11778 F D fHZSRET RN K £
TR —THRHE ST,

B OB AR BB OVTOERWEERSD, 4

HIES3E 105% 125

K7 I0KTRELFZINTBERL —RIVFRH

F&
FEF M FEFR  ER AR AR
1 M 10 + 0.07/0.08 1.0/1.0
2 F 12 — 0.1/0.1 1.0/1.0
3 M 14 + 0.04/0.03 1.0/1.0
4 M 14 — 0.08/# 6 F 0.5/0.06
5 M 16 + 0.01/0.01 1.0/1.0
6 M 17 + 0.07/0.06 0.3/0.2
7 M 19 +  FEF/0.07 1.0/0.9
8 M HEAgE? - ? 0.8/1.0
9 M 14 - 0.03/0.02 0.03/0.04
10 M 14 — 0.01/0.01 0.01/0.01
11 M 14 —  FEIF/0.02  FEF/0.02
12 M 15 — 0.02/0.02 0.02/0.02
13 M 15 - 0.01/0.06 0.01/0.06
14 M 16 — 0.01/0.01 0.01/0.01
15 M 17 + 0.04/0.03 0.04/0.04

Y7 x—AhLNearvkr s EERE, 9 S CoQ10 3
BARCHDZA TN/ 21 HIGERES LTz, ARIZ 1 »
Ak, EIRIZ 2 »A%y» oRAEEEE D, WHRE D
1.0 £ CEIE L7 (K4 12)%,

KIEFITIE, 4 TR 8500 OHTIE £ TOWH
MoE»R o T2, 4 TR ViFy —~OVEDBEICE
BT B w2, 1992 12 % DSR2 H|EVT 2
EEBIIV—RIER L TA TR D5 2 A
7z, F72, @EITREVHRAY FaENY ) TaR K
(VAF27%) %, IRE TR & ILEIS COMBRUEE = 1
RUTHA L, Zoftl, BEESERIOWHERETH S
EY IVB,(NAARY® 160mg/H)BLUF b7 ol
CHGLIBIERARHZEY 2 > CONA ¥ —0 ¢
750mg/H) PR L7z, Zh o OFEYORhE 2T
B720, BRED L BAMHIZA T oA K2R
NI BEHE 2 IR GREE U, YRS TED, S 6
ALURORER L Lz, To3HEEICD S L. ©
RBI353 0.3 L EwcEE U7 IRE, @ FiEL & R/ E1E
DR E 5 ETOHM, @FE»S 0.3 FTRIET 2 F
TOHETH %,

#0613 3460 255, 11778 A H 5 & 1N 14484 X HL B4
IB U BHRNEER S L ORI ETE £ COBMERT.
BEBICB W THADEIERE, YRS BREIE
WL THREAFMICBRERZ R L hrol, 1ITI8ER T
&, EMEERET21% EEARERDO S5 % LV E» -
1283, BREERRD S TOIEGBB D RhoTzlz b
Bpohd, LinoT, Ins0EYBHEIEERZE)
BT3B OWTREEED L A IEFARHTHS, Ly
L s, FE»SHNEIET %  COWRIZ, FEY#
SHOFPEBEICEP >/ 2FE2 25, HARBEET
BIEMICH 5 BHEICBWTE, FhEhEL THRAEE
O %< T 2 BEENE 2 5 iz,
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Goldmann perimetry

Humphrey 10-2 threshold test

13 L —~IVEHRNEHEEFNOREFFT R (R—EH).
Humphrey fREF#TE 10-2 T fenestrated central scotoma 2SRH &1 5,

i 5 Pioo Pio
—1 V.D.=1.2
Apr2a V.S=1.2
\ 1991
Neo e

V.D.=0.1
Fep 10 V.S.0.05
_— V.D.=0.01

Mar 30 W D-=0.
W 1999 V.S.=0.01
Nov 16 V.D.=1.0
1909 ~ "N\ VS0s

Jan 16

2001 V.D.=1.0
50msoc| 24V V.S.=1.0

14 L —~IUREHEEEGNNIEEFFIR (A), scanning laser ophthalmoscope (SLO) microperimetry

(B) & L URBEFRBAL(C)
(CiHk 56 & v 31A)

EHFIROHAH 0.3 PLEIcEE LfT, fERF 9~ 15
FCHWHIR & b REEIB 01 UTOERTH S, A
B+ L iicaiRiz, 4 TR e 2 UEIREDIE
BIThH 5. 156IF 8#1(53%) T, P &b FHERY0.3
Pl bwelnsmig Uiz, #HAsEE L7z 8 B, PG
BRI 5 BIThH -7, —FH, FYREEFIL 6 FliciThn,

INET, 108D L —~ULFEDBE Tld 3460 &,
N7T8ERB LU 44 B R L bV EE L LT » &
WEINT WS, 22T, T8 ER 2> 10 R FE5E
DV —~VUF D BH OFIERE T2 & I RIE R DO HEERE
PRRE U7z, BRHCHEEE L7z 10 RO v —~LK 0
15 BIDBAARST 2 2R T TR T. FER 1~8 £ THD %L
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1.0
15 L—~IVRERNETE 8 EFIDRE AR,

FDS5H 5 FITHAINEIE L 2. 11778 ZEHEICBIL ¢,
Ter DFERD X 512 50% OFSEEE & v S MGk s
NTwny, IhE CCEERERE TIIEAREE
BHEEDE L E SN, LeA->T1I0RTikIhsD
YNBSS BARE I EIEER 2 IR L Tw 2 fieE %R
WY 5, BLE, 47X/ YEAERCEWTCRRERILE
BoTWBN, AV 7 ETNVEYF U TRATFARET
b5,

VIL 37 [eME R D BB RE Rl

BINEIE LTV —OWR T, E0 X 5 ICHERED
EE L TIT< O ZRET L 72, 131%, BHROFEII»s
1.0 £ CTHEME L 7z 15 & B F D Goldmann HlEFfAE 55 X
U Humphrey #HHERAE (30-2 70 7 7 AL 10-2 7
75 L) DFERTH 5. Goldmann HEFEE Tl H.0
XIS GR) TH 55, VA vy FERICORNS
BE LA B () B EE T 5. 102 70 2 7 AT
HL O SENCE O R WS S v Tw 523, 30-2
TRRHEHEATHZRWY, Lo T, TLuEs
4T, BEMNEELTHWAE I EERLTWS, DX

3 7% LS £ 1 fenestrated central scotoma®® & I

nctws, 9ibb, FULEEEOTO—HIRE D B
HEIBRD D HIRETH B,
14 A, HERIEOETFT, WMIREH1.0F

HIES3E 105% 125

THAIMEIED & & iz 18 I DFERI D Humphrey &R
TR 10-2 70 7 7 AORRTH 20, HFRIE, Fb
o BN EE O B WiEEME» ikt S 528, 7|l
VR O R W IR S vy, 2, FEROME
BhdeFzohl, LikddoT, BLABREZHEZL
7 HY o E R 2 8 T ¥ % scanning laser ophthal
moscope (SLO) microperimetry T, H.0aEB 0D &% E % ]
FE L7z, R’HY0dB ORI TG L & 0o T2 880, F
DRI U TERAL 2 K3 (K14 B). A£RIZ, #HEEEE D
RITRED ROEG BRI S iz, 2 OfRE,
T BRENTLI TRENWEI NI Z 2R LTWY
5. ARG BRBECHEHON T A THRE N, Zhid
Humphrey #HHBREZR LR TH 7. #HI
1.0 FCHUE L /2RI TH, FVEP IZEIE L 2w (X 14
C)%9, ZdDZ ki, HIIED fenestrated central sco-
toma TH23 I L e—HLTWw5,

HI1H3EIE L7z 8 fld, Humphrey SHIRERR 10-
27077 ADFRERT (B115). HEFOTOHFIIH
NThs, £8FlEHLE, Fubak D BAIDOFLS, Bl
IV HYBEENRRWEEDLND, £z, V—ULEOHN
E{ETiZ, Wb W 3 fenestrated central scotoma H3§F
MThHd., T2bb, FLESOFO—IIEED B
TS 2 L XV EHIIDEET 2RETH 5.
HWHBREWHEO»E, FLES2EOREOHE LD
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| 23456789

L — VIR DR,

BIE, 3k - O 823

16 Retina-specific amine oxidase (RAO) NHHFIF,
A=Y 7oy bk 1B 200 3:0 4% 510 6:F 7:8BKH 8 BM

9 © JREIE.

PHYSIOLOGICAL
ZRLZ \

B: =7 ZfEEIC B 1} % in site hybridization #%, GCL : ganglion cell layer, /Y—I% 10 gm

GEMETIC
/ Secondary Mutation

Secondary

ANATOMICAL /

Axoplasmic

Factors

‘\ &Z/)N3 - 73—
ENVIRONMENTAL

L THRN—XEE? }

Loss of
Primary ___— Swelingand _____,  Ganglion _4.__. Cell Death
Mutation Slowing of Cell Function (Apoptosis)

Transport (Axoplasmic Stasis)
-
| TN/ o
Recc?\{ery of < Ex3H ik 7
Vision
Presymptomatic Acute Atrophic
Stage Stage Stage

X 17 L —~IUENRAT—2IZE T 3 REEE DR,
(Howell N, J Bioenergetics and Biomembranes 29 : 165-173, 1997 & D th%)

b, TLHLMOBRED RWHEBOFAEDOERIC L 5 C
Ebh» s, Hub 10 EUNOBRE T, FuLidlis» o5
MWD TTHIEAM & 0 A E .

VIl HEZL S CCKEADOIG

LV — VIR I LIRS D NS FRIE S 2 2 v, BE
RO EFDORBANDINCERET 52 e08b5, L
DIREER L T2EBNIC D &b B,

fE 185K, BT,
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