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—Complete and Incomplete Form of Congenital Stationary Night Blindness—
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Abstract

I summarized our long-term study to prove that
the complete and incomplete types of congenital
stationary night blindness(CSNB) are different
clinical entities and that the latter is a newly iden-
tified disease which has never been reported in the
past. CSNB with normal fundi and negative elec-
troretinogram (ERG) showing selective reduction
of the b-wave was previously known as the
“Schubert-Bornschein type”. For the sake of conve-
nience, we classified the disease into two types
according to the absence or the presence of rod
function : complete CSNB and incomplete CSNB.

The hereditary mode of the former is X-linked
recessive and autosomal recessive, while that of the
latter is X-linked recessive. They are never found
together in a single family. We found several addi-
tional differences between the two types, including
ERG oscillatory potentials, cone mediated ERG, and
refractive errors, all leading us to hypothesize that
the two types are not variants of a single disease but
are the sum of two different clinical entities. Our
hypothesis has recently been proven true by molecu-
lar genetical analysis. Namely, the mutated gene in
X-linked recessive complete CSNB was found in the
nyctalopin (NYX) gene, while that in incomplete
CSNB was found in the calcium channel (CACNAI1F)
gene which encodes the retina-specific calcium
channel ¢,-subunit. These results proved that com-
plete and incomplete CSNB are different clinical
entities and that the latter is the first disease of the
eye which discloses mutation of this region.

We classified 90 patients to include 49 complete
and 41 incomplete types. Fifteen incomplete CSNB
patients underwent gene analysis and they all

showed mutation of the CACNAI1F gene. We also
examined for gene mutation in several patients who
had progressive retinal disease and negative ERG
and found two siblings with CANA1F gene muta-
tion. This finding indicates that the mutation of the
CACNAILF gene can also cause progressive retinal
disease in addition to incomplete CSNB. Gene analy-
sis of 11 patients with complete CSNB was perfor-
med and 6 revealed mutation of the NYX gene. The
remaining 5 patients showed neither NYX nor
CACNAI1F gene mutation, suggesting they are of
autosomal recessive complete CSNB where gene
mutation has not been identified. The comparison of
our phenotype and genotype diagnosis indicated
that a precise ERG analysis can provide correct
differentiation between complete and incomplete
types. Other clinical findings include moderately low
visual acuity in both types, high or moderate myopia
in complete CSNB, and wide distribution from
myopia to hyperopia in incomplete CSNB.
Pathophysiology studies using clinical patients
and animal models suggested that complete CSNB
has a complete defect of the ON-bipolar cells or
their synapses in the rod and cone visual pathways,
leaving the OFF pathway intact (OFF-retina). On
the other hand, the incomplete CSNB has an incom-
plete defect of the ON and OFF bipolar cells or their
synapses in the rod and cone visual pathways. The
macular function is relatively well preserved in both
types, which was shown by focal macular ERG.
The incomplete CSNB patients seldom complain of
night blindness, which causes us to overlook this
disease because we then tend not to perform ERG
testing. This disease is not so rare and clinicians
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should be more aware of its existence.

The incomplete CSNB is a new hereditary retinal
disease detected by Japanese investigators just like
the Oguchi disease, and it has much unknown patho-
physiology which meeds to be identified in the fu-
ture. Since the namings of complete and incomplete
CSNB may be misunderstood as indicating func-
tional classification of one disease, it has been
proposed internationally to change the name “com-
plete type” to CSNB 1 and that of “incomplete type”
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to CSNB2.(J Jpn Ophthalmol Soc 106 : 737—756,
2002)

Key words : Congenital stationary night blindness,
Schubert-Bornschein type, Complete
type, Incomplete type, CSNB1, CSNB2,
Bipolar cell function, Hyperpolarizing
response, Depolarizing response, Calci-
um channel gene, NYX gene
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WIZHT B LG - R ORENEN D, ZORE, B
AL D bs 1 STR 2Z LGS EFHF 2z oh b,
—%, FE®iZ STR OF L WIHARR OB X b,
bs & STR OIEEREMNEZ 2 7o O WE O THNE L%
W, DD, FEHMObsIZEEEID /NS DI
STRiZX D ZELFIpIGWz®), IEH EEDSKRWK
JEDEEEEINEZDTIE BV EFZ2 T2, M2 IRz k
212, REBOFFAHR (Rod) ERG @ b J#IZIEH &£ D I
FBLTWwS, ZORESEIE bs TREN S FIBBEMEEL D
358 <, ZOEHTIE STR OTHRRIZ/NSLRY,
EFEEELSBMOMICERERENAOND DO LIRS
nsm,



100 pV

SOmSEc-:—I

X 9 ExHreLBIEIT5, HRRIEORS 2B
1258 € LB ifaR ERG O ZEAL.
EHEECE TR AESIEICbRISGED S, ol
TRbWICAdEHPEET 5, BB CREVE
BT b I ey, ORI 2 5 v, dED
bWDOAIECEED, EFEFLAMNT 2 Lok 3,

T

2. HAEROEE

2WmLzE oK, B Tld—R Cone ERG %
30 Hz flicker ERG & IFH ICIIWRIGIZA 25, ZhIT
MU T, FeMIZZORIBFL WIS WCAHZLDE, 2
127~ L7z Cone ERG 1378\ POYEHIEL 2 v CEigk L 7z
bOTH 5, 1987 KA IZRCEF AL 2 68 L
THEAR ERG 2208k L T a2, M8 IHEZRT.
EHE» S BRI 2 DT RRIcalf e b e A5
, FIEOEEY]- 72z OFF () s oh s, 5e48
Tt adl, dRRIER, »50VEZFALULEORIEZRY
2, bEIFFELLLBIH L KSR AS N, —H, T2
B & I E2ARRNCIRGS L 7e OB & Stz
DEOFLOEEIVHBALI-ZEF20HD, 1D
e DRSS ERG IZIEH Tld 7z < Rt CRE
BRERPETLIE, X5IRAMERNEROHERD
WRAHSHHICREL L, ThoTe,

2D kS, BEMOHMAER ERG IZE B TERE
TH2ZEBHBIL, BREREWERKRE T E®R
L7zbDZRWEWEERA SN S DI, EeBEH
WTIRIEECEULLKGERTDOTHS I, O
a9 Rz, RWERBREOIECES & 212D
NTAdENbIIET S, FOBEHE T d 1B
M AR T 2. 2070, bEBIE LA ERVEER
THEOBERE T A X 3Bk & v ERHE
PO LeRsDTH5,

Rz, ZDO5EIICHSNI-ROLERERE I X Y&

HIES3E 106% 125

L Full-field ERG b-wave d-V\:/ave(OFF)

\
Control
/

a-wave

_Jﬁ\_j\vr-« - ONZ! ERG
PDA+KA
APB ”WM////j\N/Pd —OFFZ ERG

50 uV
_[200msecl_— (Sieving, 1994)
10 % I BRBYME RV TREER~D
ON, OFF BN+ 7 R % ERMICERTL 1z & &
N, RWAERERIE A BV IRO#ER ERGDE
1k.
B, v b &S alk, bikickE, KaEtlo
72D d(OFF) I3 & & . 1 - PDA & KA T OFF
BB ERT 5 L ali e dEDHEEL, bEOADS
B % Bt MR X s % s L, &1k ON 2] ERG & IFEA
72. F : 2-amino-4-phosphonobutyric acid (APB) T
ON R %M 32 & bWDAVHEEL, ae d
L AREL @S mRIGERL, AL lx OFF
B ERG EMEATZ, (OCHR 31 & D EIA).

SNBRRLKICIMZERT 2D TH 2 5 ». 1980
HAUZ ON #Fi& & OFF #2823 IR Wl 3 5 7 v
S UVEBRARAVPSEERICAVo NS XSk oT, F
£ B, 2-amino-4-phosphonobutyric acid (APB) T O-
N 3%, kynurenic acid(KYN), +cis-2,3-piperi-
dine dicarboxylic acid(PDA) T OFF £ O HiMlha &
SUBHIFE DRI D 3 7 7 A % BN HERT 5 Z & HSHTRE
Lo 7289, 1990 FERIZA YD, Sieving®lZ Zh o DI
Y& W CERL BMER L & 5 SR OWERZERIEE v
THY N O#EARR ERG Z5C#k L7z, B10 122 OFER %2
w9 H, APB TON REEZEM T2 &t bDmeiI
BERIL7z adr e dEPRELRD, bENHEET 2 HE
DRIk S Nz, O & s (OFF ) EIFA 72,
—77, PDA % v T OFF #&Fi% 2 il 3 2 &4 < g,
a & dITHEK L b D ABEIL DB ERED KB
Boh, Zhzlismil (ON ) LIEATZ,

3. YIERHAWBEHESE

1) mehl

SE BT AR b #EE R b Tk < ON RO
PG D > >+ 7 A, 3 5 DI PG E A 54
EINTW AR Y, 22T, VIVREREY V)
ZHWT, APB ZHFHICHEA L ON R 2 K L
7B EOREZHEICH WS ERGBED & 5 Rk
2 EFNTHIz, PNVOEBRITITE b O RBA I H
W3O ERURESEEZHEHAL (B11), BRI L IZE
FUE&H TRk Lz, M12 CIERESE, Eei, Zhl
APB CTHLE L 729 VR & @ ERG %78 L7z, 58]



PR 1412 H10H SERFILEE OF 4 - =% 745
FILE NAME==C:5001
05
.| A=0.35
T 3 B=—1.17
E¥% 0.25 :ﬂ;ﬁ(f & T0=122.59
) 's‘
ol
2 4 6 (min)
FILE NAME==C:00552
05 :
; A=0.38
: 3 {%SA 2 Ay
11 Ganzfeld FIBEEE % AL T e b & A CRIBERE e S e R
TECERT 2 YL full-field ERG DECEREE, __'mf '
o
EE 55£ECSNB  APB(monkey) > 4 6 (min)
Bright . . . _ Jeoon FILE NAME==C:00521
White "\/’—\ N —\/—/’ 35 ms
05
5, | A<034
, . __100pv e '{;szw B=—0.43
Rod ——f\ 50 ms R4eH 0.25 ok} 4 %Léw;%m T0=162.05
_ Atk
\ , , 100 pV AR
Cone -\//\I\" -\/\/\’f‘ —'\J\N" 25 ms o) ol
(4
Do NN e 2 4 i
Flicker /\/\/\ j\[\/\ 2-5;]5 ¥ 6 (min)

12 EEHEKE, T2B (), APBTONREK%
W U 7Y VER () 0 full-field ERG,
sEeBIDERE IR E (CSNB) & APB THLEEL 72
FVERD 5 1%131ZE U ERG 235571 5. Cone ERG
D aFOEEFOFHEAIBEHRAEE L TAHASNS,

# (Bright White) T3 negative ERG & 7% b £EEhiRE/INE
BRIT % Z &, R Rod)ERG XHET 5 Z &,
#EA2 D Cone ERG, 30 Hz flicker ERG 13 RIF72 Kt
NEFHEEND LR ETRTCELH LR CKIGHES> R
7z, BRICHBRZE WD, Cone ERG D a 3 O EEH A
LT AR T, 2R bEOMNEC AdENESE
O, MEEDODEBHEHIEL TWIERELCZ EEZ S
N5, InSO-E»S, TLEIFERLHEERLH
HIlDORD Y F 7R, H5WIEBEHELY <V T ON
REDADBEES N T IEBE W ERBEO N,

2) A&i

TEMIZZ DHFERDFEEENTLH L VEHETDH
L, MR alEBEETHL 2 s, FAEBTIE
TREREE OEMREIFMIE L v hfkicd 5 2 &1k
HRETE 2%, MERHERTH 2, BWHEBZERBEIC
£ 2 #:6R ERG T8 IR LIz LD, /N7 al
CIEBAIRE b e & R d S A SR, £
BF L7 RIE 2 ERID% <, B ($ER) Bk
EyGEbhilz, LErLHKI3IIKRT L1, L BEEFE
U 72 L8 O R 13 O densitometry®®37 T3 584

13 FOE#EERD densitometry,
RERNAIREE, BRI (53) 2T,
(k38 L D3I,

b A Y IEH O Kkinetics 2378 & ), N8 D HER
REFOBETREDEMILL VK TH 2 Z LR S
iz, RCHMEE D P ETRELH L L T2 &,
ON & & OFF o5 ED IS >T0n5D
ThHsH, BOEBEREC L 2 #AR ERG 2K 8
WiRLz &9, bEickhRa ke dEOBEFH»MH <,
Z DL Sieving® V939 )V Tax L 72 KYN JLEER 12 A
5N B P AI LTz Iz, OFF A Y
B EESN TR AREESH o7z, L L, ON R
2RI DbEHBWIIL TH Y, ON, OFF MEEIC % /-
D35 e N FEA e BRI RE D R E RIS S vz,
72T, YVOMFEIC APB & PDA & % #4125
FTEAL, WInd ON, OFF & % 512 13 BT
L7 WIRB IS LA Bl 2 ERI L., 20
RETE P OFLBIBFICEFRT 50 LR UKE % Fwv
TH VIR TESR L 72, HiwzofER%E2xRd. IEEH
(), FEeB(FR), ZhIZA%ELZ ON, OFF v 7
7R &MWLz ERG 2R3, 58l EL (Bright
White) T & negative ERG & 72V, #14&% (Rod) ERG
I3EE L, #{4% (Cone, 30 Hz flicker) ERG 133 L »
B ERL, INSDFTREAEE ULz, 72—
B, R 8o/ 2 i3yl creiic LiFL



746
APB 0.2 mM
E®E ~2EICSNB PDA 0.5 mM
o (Monkey)
Bright A 200 uV
White |/ y /”/A ~\/"'“ 200,
25 ms
Rod _,f\ —T — _|100 v
50 ms
Cone —\//\M S — S z_s—lmo w
ms
30-Hz
Flicker '\/ \/, RS, N 25_| 25 4V
ms

14 EEE(E), T2E(F), APB & PDA & %%
¥, ON, OFF R AR 5e£IZHHE L - VIR () »
5 full-field ERG.,

F4® oD CSNB &9 VERD ERG 13#LIT 5.

EE refl
1 min M/\/ /\/\/\/
2 min /\\/\/\/
3 min /\
I WWV\/
4 min /\(\/V\/V\/
5 min
25 ,uV
10 min 20 uV
25 msec 40 msec
ON_ OFF ON_OFF

ST e Wi B o |

15 E#HE(E), T2E(H)N 30 Hz flicker ERG,
30 SRS D BAIRIG T OIRIEBIRRS.
TEHO 5 IR E RS
(CCHk 26 XD 51H).

XA 6 N D EEERINEB Y VIRIZIEA SN holz 2 &
Thb., ZnF5E OFF HEEHc v 7z PDA 12 138Uk
MR~ D Y F 72X DBER D H 7% &3, HOWEREE S [E
EFTLIENFEZONTEDD, ZolkortEBbh
3. ZEOYIVIRD ERG BALENCEPIL 72 2 £ 13,
B TR D BRI O ON, OFF DAL
AREEE PR E U TR OEBTH S 2 L TR
Iz,

3) RLeHOMIERT 30 Hz flicker ERG o 25 14l

R

A R ERG IZREIEIGE R IR T % & 7 OIRIE X H

flan, BAEGZ T 212 ON TRIESHEA T 2 HRBH

HIES3E 106% 125

R YFTRTOY %
(min)
1 P — N S S
e A AN VYAV

JANVAVAN

JAVAVI

LAV ANDAN

LEVAANAG

30 uV [_ 20 uV l_

25 ms 25 ms

16 HJLER® 30 Hz flicker ERG MBAIENG FiRIEHE
TEIR%R.
KA (Z5) & ON, OFF ¥ 72 OREEM % ().
Y F P APREEIER SN2 & BREBEIERRN S S
nz,

SNTHB Y0, JEROREEMOZEY, TR - HERT
BRI EDORMND o725, ZOFEMEHEFEIIRHT
5. Bx BEERERD © O, Zh i s =
HAwnie ZOBROBERE 2HFFE L7203, K « $ERTHR
ROEREEZ 2FEMEE WD, £ NEFRT
& 30 4> OESIEIGE #212 5E8k L 72 30 Hz flicker ERG @
HRIE 1% 10~15 S OBAIEIG I X D 7 OIRIEIZH 1.5~2 £
AR L, AR D OfEEE BT 2 L EORIE 2R
L7izbDixAasNKrolz, LEALEKISIKRLIZED
W2, FNEBTIOHREFENI L5, HWIEE 4~5
Wiy, BRITEIOREHERIASNT, ~2ED
R HEARBAE R S & Iy & 72 5 7220, 1272, Hil
L7z &3 IcR2emo 30 Hz flicker ERG 1359 THRIEAS
WHEHLTBY, 20L& 2EEREY L THIEFRIE X
DIFELLI/NASwZ EE2mBAL v, A IF AL
SHRUELIORFRE R IV TIEEL, ZOBRREMRFI LI L
23, ZOWRETHNVIRED2S b 30 Hz flicker ERG D
HIEH R % A 5 2 L DSAIRE T & - 7o (G RE R Fa Y i
). 16 1Y VIR T D 30 Hz flicker ERG 3+ 7 &
REEEEWTET & WL O BIEIG T IRIESIRESR 2R T,
HEWTR, EEHEENASNS.,
ZDOBROBEFVIE « R THHROBRTH 5 &
T3, ZNIEFHEMEY LV THEFHKINEIOTIERL,
FREVFWDA Y vV —ZI2EDEIEEIEhD LS



TR 1412 H10 H SRR E O - = 747

Rod Cone

Receptor L
,I\ /\
T ®
Bipolar
Cell OFF
v
ON pathway ON pathway  OFF pathway

Ren

Cone

Receptor

N

@————»

Bipolar \Off/
Cell N
’ ~ ’ ~ 4 ~
v
ON pathway ON pathway  OFF pathway

17 E2B (b)), F2E(T) DT DREEE
DFHEX.
KR, FARO X EHNIR R BE, TrReBiEreeE
TR %.

300 1
100 -
P
s
(72}
€ 30 1
[77]
G
Ry
5 104
o
3_
: 9 9 9 %9
1.5 3 6 12 18

Spatinal Frequency (Cycles Per Degree)

Contrast Threshold

N2 ReRZ TR Lz & 512 ON, OFF Bl
a2 idZDy F PADREERBEEND L EHZ S
M, ZONFTLRIREEDPITE « ST 2 BE IS
BEEHEZONDD, ZOEFOFIIMKA L L TRM
DERSI MDD, 5, S 5IEHELOBIIER NS,

Vil SRR RE & H R RIRITRE

K17 2R T & 512, TLBBPAER, #EROMmE
& ON BB AIE D 12 1E 55 2 R BEEER 4, TeMH
ON #I, OFF B BURANIE DO 58 4 2 BERE R £ H358 < 7R
WXl WK, PUBRHIIEOBERETR 205 B HAHEEE I
ED X ST 3 Iz L TR DI % o
2. FDRD, ZOMERIZINZHHTZDICLWE
TIVIRB LR DH[REMARIB S Nz, 22T, ZDJREE
RRBICE S, HEHEERZMRE L7,

1., ar bR Mg

1) KEROHBMEERERRR (optokinetic nystagmus,

OKN) % 7z #ft5¢

gAML D ON, OFF #G81x =2 > ~ 7 A b BEEE & 58
FEUOL iR AenTwa, B ciErnc a
YN A MERERMIET 2D OKN BfiwsNn S, #
2T, REEFHL TNV 3 BEAHY T ON R
L OFF &0 w28 H L < H OKN 3%k L 7.
ON &% D L 5 WCEYTEK L TH, £7- ON &
BoBr s vy 777 b A ZHWTSH, OKN
DBHET 2 2 L IZREDS N T Wiz, OFF i 0
Wiz & BEIEROEME T n o Tz, SHEOFEL DRBOE
BT, OFF & 28 L Td OKN 8L T2 Z &2
AL 72 (MERERARHENE ) .

ZD X1, WBHIEOES2#EETH % ON, OFF
BEEOWITNAEEL T I Y M T X MERRICIZTA X 2
YTEERLE S 2 EPRBEI N, FRTIE I OEICE
ENbsEEzZoNDTEE, FeMoary T X ME
BBREDIICES>TWDIDTHS D H», X 18 2

300 7 .003
100 - .01
z 2015 2
€ 30 0o
@ =
g 20{20 “
s ©
€ 1 £
S8 10 25 §

0
31 @ .3
® 9

1.5 3 6 12 18
Spatinal Frequency (Cycles Per Degree)

M 18 seeil (k) efeB(BE) DI M5 R MEA.
PRI S TE B R 2 R T
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S-cone ERG
EE i) refy
Caco 1 """ Gase 1 '\/\/‘
o TS 2 W\‘
3 WW’/

ON OFF ON OFF
ON OFF Al

5w

50 msec

19 IEEESO(E), TLB506(Fh), 2B 34
(B) NEHEZR (S-cone) ERG,
TR TERIEPHEIL T35,
(3R 38 &V BIH).

Dar A MINERT, B, ~2eile bicEH
B TR TN A N BEFINZ WS, £ IEEOER
bAHoNE, IV TIAMITETFELLDIZ L R
e Twiz,

2. D EERE

SRR, &, FO3IHEOORICES T2, 20
9 bR &AREERIZ R OXUBMME T ON & OFF &R 25>
BT 201t LT, BHAEITFAEREO X 512 ON £
BOATERZESZ EXASN T W B, gk
ON REEEDBEIRERENE 2 515720, ON gL »
BOHOHRBEELEENE U CHRER I LV, FEE
RO BRI CROsk L 7o F 8RR ERG Tl 2 v
ENB®, M9 ICIEHES L EweR 54, TEehl

Case 1 Case 2

B/Y

BY

i)

Case 3

HHR&EE

106 % 125

4 DB HRR (S-cone) ERG 2R Y. BLETIET N
TOREHIT S-cone ERG FHELTWw3, —H, &
B o 3 IR RIF R RIGWFLER S5 2 E 3 HEFL
7239, 2D & 5 IZ5ELEITlX S-cone ERG #8{HE L Tw»
Wb hrbod, MEEENA SR HFEEZIERL
TeEREIZIBFEIC A SN B HD58 Z DFIITAHTH -
7z, Tz 13T - B (blue-on-yellow perimetry) %
EL, ZOREMS 2 EDBTER™, 20 WEER
TEBOF - HAFO/BE LRI, 5828 Tld S-cone
ERG TR& Nz & 5 WILHPADRBRE DK TN A SN 5
2, FULERTH B EBEER D AEE DR TN A SN2,
Thbb, WO APEEEEE DDA S NIz DT
b5, ARMZEOERRE IR TN TKET 2
720, 52D S-cone ERG WESETBET H IEH O
HBREONLHIZIZ I WCH-720THSB, —FH, T~eh
TIXRIF7% S-cone ERG 237" 3 & 5 1 Ml 24k D $E4k
F ON BRI HBH LIS RESNTWE L5 THY,

- FHE T b RIF5 B R DS L FiF I X 1,
ZIZHEEME OIREEEDE LA SNz,

BB R 1K AE

L7z & 9, Fh, av I A NVES, AERE
D BEHEHEE & BRI CRlik L 7oL O R R
ERG & OEICTREES A &N, Z OJFERIC BB D A 53
BEEEREE D S B L TW A IRESFE Z s, g
AFEA T 212 XE U & 5 R WA BRI & 5 5 T HEEE
JAFTERG %58k L CAH 2 ME N D 5, FHx OEIEIRE
AT ERG FUSEEE (IR RRII 2 B L T v 2 7205,
ZOWMFENARETH -T2, 7, SEIOFERZHE IR
TIHEF %R,

FEBNE 25 IO TR O B TH 5. FEIEHTTIFHR

==
H
>
—

IX

Case 4 Case 5

20 BB (L), FLB(T)NFH » EIRE (blue-on-yellow perimetry).
SERM TR EERICHEREDZE L WVETHH 25, T NEEN S EHEL T\,

(k54 £V 51H).



TR 1412 H10 H

Full-field ERG d (off) Focal macular ERG

15°
X . (15)
OP OP d (off)
E®
a a
ES ] \v/,//”J\
ON OFF ON OFF
Lo [ I
20 uV 1V
50 msec 50 msec

21 E¥EEL), |BH&aAr FSXMRALEET
HH3REB(T)n, RWHEEKRRIRICL 2852
full-field ERG (&) & HHEBEFT ERG ().
seeM o full-field ERG 13385346 % it (OFF ERG) %
RL ON KIGAHE L Tw 30, #ME AT ERG T
X437 ON Rt (b ) 25A 5 5.

EHIC1.0THY, IV FTAMINDBIEETHS, X
21 IR W IR CRisk U 72 $E1& R full-field ERG
DIEFHE Ot L, FFICEWERERB TRkl 72
L ER 15 B O B &R R AT ERG % 78 U 7z, Full-field
ERG TRHIRL 72 & 512 b ¥ % R @R K )G % 7~
L7z, SEEEFRERG TRIEERObERA SN
7z, HEBEERREAT ERG O b O THAKRFICER XA o1
7273, full-field ERG & BBEESRAT ERG 1213 K & 22 76
MR A SN, FPRLU L 5 ICEBEEIE ON BERER % &
WIS EENSEREL TWS Z LRI, LT
ARG L7 thometl, f28licd Aoh, Zih
5 DFEBIZZ < OBEHERBLEE LI 5 5 1 5 BB DR
BRI (B 208, MR TR £ TGRSR
ERDH o7, HEERD RIF 2 O EEE O 43 EE
EN B L DEW dystrophy) Z2H L TWwizZ L2k 5,

X EETERROFEE

1.E& =

1986 TR DT L WASHERIBEL TLK, Th %
FEBAS 2 72 D FEEFFEIIGEN S < Ofiag THA
T X 7290759 I, £ 971998 i X etk 4,
HOREROBILETERNL YA THNVY T AT ¥~
WV (CACNAILIF) A FIZ[EE & 15989, KT 2000
iz X Pkt 055481 nyctalopin & V5 leucine-
rich repeat protein proteoglycan (NYX) & Ic &
DEE S 7209, Z DRIEIC & DAL W 1986 F 122
BL, ZDHBELDHIETRLTE LR R L
DEZL S TRBAT, FERIEEIEHE DR WH L WIE
BThH2 LI RBUIEEHI NIz 2 Ligx 5.

AR TERD A 5 N7z CACNALF X HANE & XUk
MR D > F T ARKEIC BT 5 7 V8 2 VRO %

FERIFILMEE T OH I - =5 749

BT 2BEERFF D), ZOHOBRLRTHERT S L,
MisAifE»s ON %, OFF Ricrnrb o3, EitkEsE %
25 RFFGEh, BL2PIRL AL OB
BEEE L LABL T3,

SERMITERD A 5Nz NYX OKREDOFEMIZ AT
boted, SHELMOBTELGTELTES LI,
»5ON Y F FABRICERE 2 EHERL TV
proteoglycan TH % 5 L R & h 509D,

2. BEfIDEET

1) mehil

HEE I 11 floseil L2l S N EF OBET
PRET U GElIZMEFETH ). LT b L, 20
55D 6 HIIciE NYX ELETFOEENA SN2, D
D 5P NYX, CACNAIF #ZTOWVWTFNIC b ERE
FAONT, INSERERZOEGTEESHEAL T
B DEROESEBEOTEETH 2 WHEE TR,
B DFERPSEI-EEHLRA > M, NYX EIETIZ
EROHro N X OHFELEEOTE2E D, NYX 2
CACNAIFEBIZTFOEL S IZDERDA SN o T2
WROELHEEEZ o dE2BOWThb w0
B RSEMRLTEB Y, MERIEEICLSMUTEY, ERG
» 5 bMOTERERE L S b ZDEEMETE 2o 72
ZEThHD., Thbb, HREE TR X PaEe o
Rttfh L DT RBIERIKT R TIERAITE o7z,
22 C NYX BETFOEESRHETE 264, HRET
X o7z 580 ERG 2xftba w7z, £b560D7 v —
7% negative ERG %7x UEEEIERINEIZ A 51T, rod
ERG 13{8%& L THB Y, cone ERG, 30 Hz flicker ERG
WX RIF R RS A 5, Tk 55 1986 1 AN s
LI E#EETNUHZ TS, S, S518%  OEH]
TXROELSE L EROELSEDOTL2BICEL T
phenotype & genotype DB 2 W58 3 2 L E N H 5
9.

2) A&

BIfE £ T2 15 BlOR2E £ 2W S i ER O #E T
ZRE LT, AL 2T R TCOERI T CACNALF &z
FOERDHER S 725999, 23 1R DFEE L 724
28D CACNAIF TOZEEITA % hOHmEH ORER &
HgE L7, 2 DFHLOVEEDBFEE S Nz, B241cZ
n o OFEF O CACNAIF TOERERT &£ %D ERG
Zad. TXTCOMERNIZ negative ERG %~ L, #REhEE
INEDY A 5B, rod ERG I3EFEL TH Y, cone ERG,
30 Hz flicker ERG IZZZ L {JkFFL T35, I 5DFT
RYWA 1986 FFIR LT B2 L <fm/z LTwb,
7272, T DI T BRI, LEBOAIFEET S
rod ERG L REIR/INE ITINES, & 2 W I35 RFEHEEE
B EDBEBOGHNC L > THEEL: b OHEK T 5 1HE
HiZbs, Z0®, ZOELLLBPHEELTHTHER
ERETETE RV, M, TOELLLTHHFELL



750 HIR&EE 106 &

Bright flash

Nomal _J 100 Vv _J 100 puV -—l 25 uV
25 ms 50 ms 25 ms 25 ms
NYX
=2 Mutation
1 — ———ee T~ AU A\ Cys386Arg
2 jfﬂ ——ee—e SN /\\m Cys386Arg
Mm\a(;(on ° -A\K‘ i N —\r/\"" f\/\/\ Asn246Lys
(+) 4 ’J\\V ST “'\JW /\_/\/\ Asn246Lys
5 IJW —— N/ \/\/\, 790 ins 20 bp
® A\/-\'H e TS \/\/\/\ del/ins
1 ————— — e /\/\\/\
I g RS N
_\ — T
Mutation 4 \/‘/I
) Y — JAVAVA
5 d\/w’/ P \,/W\

22 RLBRMBIEFERE & ERG. leucine-rich repeat protein proteoglycan (NYX)ZEN&H TX /-
FEBI(E) & NYX AT LF+ > RIV(CACNALF)DEERHIRH S W H - 1ERFI(T) D ERG &
ZEERF (Bin).

FTRCEELBORE 2272 ERG 2R L, NYX(H)FEE NYX O HIZENA ST,

I Il I v
3125delC 1348X
951-953del IVS15-2 AtoG e . % 292) R1297X
R237insG 2571+1G100¥ L991insC |11 504e1C
G609D R83X  § &

Fzggi)x R1049W
(do5) del 3658-3669

IVS24+1GtoA (3496-3507)
3006-3008del

W1386X
8-subunit interaction site
EF-hand motif

K1591X
(1537)

1VS40-2 AtoG

5665delG
C

23 A28 o CACNA 1 F EGEFOF THOEESAL
@ : 5B, ZERHEIL : Strom & OEERF CCHR 60), © : Bech-Hansen & OEERF CCHR 61).

Eicid,
bbb,
TR OZW O TICHRE L7 15 #1233 X T CACN-
AIFEEFERZ R L2 L IZBECET 3, 20HE
FIFIEME R IR CTRSEIZIZIFRR Y W sh 3
ZEERRLTWS, 251 15F0RELRT. BiRL
72X WCHETORRIZA S ol h, FHEEOFRE
R DZALpS A S iz, Takahashi 57 AR L8O

TRHMIBEINAEMEFZTH IV ER

ERG O c I DWFFRICIZ, DM DZAL & iR
BT 20 S R B OBMIR O BHE 2 FR LTz,

3) T~eflidfEibmEED ?

FHIIL L DR LB ORBEBIEPRKANDOREE D5
Mizp o, FREBMEIEMERBTHL EELCTERL, 20
Bl LT, RERAZIE - ER CHREEREMET L7
EFIB AN E™D, FE—FKRATHREHEXD L S 12
RELFWMELD LA THEFED ERG IIF A EZE
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Brigh t flash Rod

o *\/’_l\ SN~ N
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30-Hz Flicker

200 pV 100y | 100uv __|2snv cacnatF
Teh 25 ms 50 ms 25 ms %5 ms Mutation
1 _q‘,‘ Ve e VN Gly609Asp
2 WJ,,/W( z/\ e NN Gly609Asp
3 "\\ r‘v/A TR S ~—. /{\/V\/vk Gly609Asp
\ R .
4 '*\{ J/W/\m\ A S VA VA VAN 271-274 delfins 34bp
5 M\;“' /\M,\M\ TN =, U 271-274 delfins 34bp
6 “\LJ A e Shasmen YYD 271-274 del/ins 34bp
7 \\!\/ _sj\ Py, T 271-274 del/ins 34bp
8 '—“\' N ﬁ ~— Y Arg913stop
9 _—\V o T Arg913stop
| ____/\ — s AN
10 "\/W_/-r\ Arg913stop
19 N —— =~ N Arg1299stop
__/\ Ay U AV AV W Arg1299sto
o _‘\ ‘\/\w)\ . ) o
13 T\ — XX T N 709ins G
14 M —X = W 2571+1G 1o C
15 "\ \/J\/_”\\ ___/c\\ T~ — TN 1942—2Ato C

X 24 CACNA1FEBEFEEAABNI-T2E D ERG t EEEET (A).
T RCOEFBFRET D ERG BiE2i 2 Twvw 3,

25 CACNA1FEEGRFEREZRLITLBEORERR.

MWW e BNH T oS, Bl Lo 1R
L7 A2 BOMERE, 32 F BRIy 5 —EREI N,
ERG % & L fifkae, BRERTRICIEZ bide <, Ko
DFEFNIEIEETHZ EFEZz 65,

R4AKED negative ERG 7% 7% U # MR 25 i <0 # 4
dystrophy OJERE % FFOMET DB DI A S 177, 2
D& REBOBLGEFEEDLGIIAHTH S, HRIXZ
D& 5 BHETHEORBIIIAER & 3R BB EFHZ
Twiz, LaL, ZheDEFoFiz b Reflicash
% CACNAIF KERD A NI FKRAIEBL 712,

FEBNE 55 7% & 70RO BRI THY, wWIFn b
FREZENE, MBI, 2 L OIRE I I3RS
S A S h, FEEE b RO b2 D HR2 IET

LTBY, HeLICHETHEORETH-72. #7260 ERG
W FHORER S negative WL 2R T DD, aHic
bIkFIN A >N, rod ERG, cone ERG, 30 Hz flicker
ERG iZWFh bk L Tz GEERTET). 20k
2, BIEMEEEB EE 2 SN TV BEBOTRELR T 25
B H O MATHE R R U 72 B/ INRTR H AR IR E 70
THAHOHN, BEREVHRTHS, Lorl, ZOFEER
phenotype 7317 CHEEM S EZHE T SRAERLTE
D, genotype S DEEMEZRLTW5S,

XI & Hl 2 W

AeBxpeko S-B A IEMEEOF EERF & LT
WO b T Wiz, WML L-EEE L TOERR
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26 BOTROI-HARKSRURER %I -T2
BURER,

BEEDZITHESL S L7z, B L7z kD1, FEAEDRE
FRHREEER L TBST, RECBRLEENAON
TnZ e ERG SZ2HOHmRDF LR 2EETH 5.
—MICZL S T 2RV EIRHIEIC & 5 ERG 2% neg-
ative Wi 5 2 B TRBO—FHTH 5, R\WT
St il & AR OERNC AR, $EHARR R SRl
% ERG ’hE L 72 5,
ERITREFEBREIET S &, 50, MAEELRE, S
BRE, X POEEESBEE, 4K dystrophy, MO
RN, BB OERERBE (MAR) 7% £ OEEB
biFohs, 2056, FeBEOERN KD BELE
B X Ao METCH 5, ZORBOTEH &
DOHEMPLEE, negative ERG, #E46R L #F1K% ERG @
WE, X POEHEEE, TEEORIET, #HER
BITEE R ENDT o5, EE, BRICHW 2 ERG
TSR L ARREZEAN TE W EEMLTwB 2k
NEn, —F, MEAE X P EEs BHE C I RE
HEDBLFETDH Y, FHRESI I BRI R 22 2 BEfERR
ZEFED, S5WCWoL DTRIHDN, #TT2L
bIESE L ThIToNnE S, ZORBOEGRTERZ
BECRIE ST 37879,
ﬂ%ﬁﬁﬁKE@t@ LR T A R YT B AT %
ZF TR AR OEF O AR 2 HE T %, ﬁﬂﬁ@ﬁﬁ
EE XL Aoy, 20X, BcRe Tk
EAEDIEFIHIOREB EEZ SN TS Z k’i’ﬁﬁnﬂb
T2, BETERDEE S NIEE, R L7
REEEBE L L THERIFCLEEY, REOZKICEL T
REEZ28E 2T 20END 5.

XII FEFRICDOWT

SERM E RERINE L Bx 5 REBTH S Z LAV
U7284E, 2 OWEFRIZ—DO DR BOBEAEREZ= 2R L T
WBEIICEUSNB D, ZOWEGRE LD, Tells
CSNB1, 4% CSNB2 LA FR I VD TR
Win, OREVBEEEMICZSNTEY, BEOFHREZ

HIES3E 106% 125
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Dryia 356 €8, 2B DI Z v Twv 2 Okt L
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CSNB1, CSNB2 &\ 5 FEFRCREIE T % Al REE2S &
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BERERSIEBRRE L WO IHE L 2R b, o RIFEILER
HEIZZDRENSEL 5,
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