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b b EEGR{ETF 4 (human retinal gene 4, HRGA) I3 #MIIICBEIIHEAT AV 725 Y37 HThHAH. HRGAORAE L
FEEREFE LTOTRELES 2 L2 HWE LT, BPIREREFREEIA o7 —OBE IR LN HRGAER LR
BOT I RRMOBET FEEUHRGE M T Y AV — Y &ERL, TEESROHRGALTHKTRRT L P TV AVx=y
sy ARERLE. SO YAV 2Dy 7wy ARERKESOMEEEEZEL, ZORMRIIETRMSINICERR YT
FRAEHB LRI T 7AERFRELE. BEERICBVCidall, cEIIEFICYPrb LEbIIEmEE L, MM so
St TAEEFEESATVA LRSS, D EDOER LD, HRGL I VKT TR 3/4 DREGEEEEOMEEZRL,

WEEEFTHZ LA LL.

Key words transgenic mouse, ribbon synapse, human retinal gene 4, retina, photoreceptor

EEICERMICERE LTV ARETOME - BTtk T
¢ DEEEEEBROEEBETFHFER SO, L LB
BBV THBEBORGEERERED ) b€ 0REEET
HPLTW2DERBAPDO LT ER . ¥ 7575147
cDNAZ O—=r /&2 v CRIEICRRIICER T 28K
FrGEESh, AEEHERBEOH LWERBETFORRLEN
b OEEFORBIZBIT BHEFRONTELY. & MEE
#E{EF 4 (human retinal gene 4, HRG4)1X Z D JFEEIZ L - TH-
HANHEABECRE LTV ARETFTH A Y. HRGADEHR
EHANAL4ORL M0 ) bREBICOAFRBICEE LT
BY, FloEMBoREE 2R - BEMEREERELTY
50 240EO7 I /EEL D 2B HRGAE, HENIZ2OOF
AL ZEOENEDO. Fhbh, SO SUTVIIEAR
LTy bTEROHAFAMENRONE T I/ KA L/4 L,
100% DR RTIRY 3/4 THE SN 510, 44 HRG4 &
FOEERTIC D HEMER S 2 h 2 22270, HRGADBEH D
S OERIFIZ, HRG4 & 57 % DR AT 8 L Wi BEE
FCTh B uncl19¥, BRAMEEGEEL(LENBREEROHEEIC
IAEMHEE LRSI ERITREREGTELTRESR
72, SEERREIZL A L, HRGHIIRE L #ED Y+ 7 X
KRELTWAR, ZhZ kb, HRGAUZHEMBIZEEL T
WAYF TR NI ETHALIENFHAL, ZhiEMHTD
BHBERNS F TR ORI BEOREL o2, 8612
HRGA REF I E 17 R AERIL2 CFELS DOV v &
CCHRy 7 A% &L 7O0E— 9 —%FLTWVAPI LAHBEL
7. FEIFTIE, HRGADOHHRE L RERET & LTOMEES
FRLZEZEME LT, HRGALZHYT 5 vy A DEET

FRC124£10 A 13 H32AF, FHRI13E2 A 2 AXHE

(7 X HRG4 HF#{EF, mouse retinal gene 4, MRG4) 2%
BRAEBALINS YAV 2oy 7oy AEERL, FOHEHH
& AT L7

ML S UHE

B % B 72T R T O ERk I The Association for Research in
Vision and Ophthalmology ®ERMIFZEIZ 81 5 Bhil OFEF G
TAHEB I TiTbh.

I. SR —2DFER

HRG4A220D K AL bl M2Z EEFALT, 20
FASL Y OBEWIEED P2ty A-F v M HRGA
%I U AV—2E LTHRET L. MRG4ADEER DNASHE
BP0z, BEENLmRNADE S 2 ABEICTS
SEWpETT ATy VARG 2 A L 7. MRG4 %
Lambda Fix IR Y A5/ 3w 25475 ) —pbra—=v
LU, TFVUIBTARRRGD Frofric Lifrba
FU57 £ TEPCRICE o THIRL, EOBH57a N2 FIL
INIAELL LI ANBNREREIA, Pst IHIREEEE
ERAL D MRS L7, Z O DNAWTH % Pst ICEIMT L72F v
P HRG4AIZH YT 25 v b OBIET (HRGAHFEBIETF, rat
retinal gene 4, RRGH)W I/ &4, v 7 A-7 v M CDNA
%1872, pGEX-GSTX” ¥ — (Pharmacia, Uppsala, Sweden) iZ
BALIZTYA-T v M DNAZ KBHN TR & ¢, T%
SEDS6T7IVEIN R BEMRGAY Y7 EDVRETHIL
EHER L. ZOYIR-Ty PEFECDNA% 2.2kbp D7 ¥ 1T
Fryrv7uE—y W&t 75 X3 F (gBR200-IacF,
Donald Zack KOIFEIZ L B) ICIALTIS VATV =V %

Abbreviations . ERG, electroretinogram; HRG4, human retinal gene 4; RRG4, rat retinal gene 4; MRG4, mouse

retinal gene 4
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I. b3V vy 777 ADMER

FFUAT I ADERIITAT IKRENF VRV
Loy BRI BW T, Y A o2& TOERI,
B R L EEICET 5 EBS (lostitutional Animal Care
and Use Committee) DKFE% 5 - EERFTEHFICEINTTDH
iz, FIUAY—vOEANTIEDERTEE L E100HD
C57BLEJ/SIL B D ~ 7 A ZHINIx L Tirbh, 1208
DEDNA%5%5 10ng ToEAL, AEF4HOFEREITo 7.
WL NS VATV 22w I ADRKEERTHD, £
NERD LTIy AV =y 7wy A% IEH <7 A (C57TBLA)) &
TERL, FRALOFREEFET AT LERA—RHEND LT >~
AVzzy ey ALRES R, £, SILAKEO T RIS
L0 b s Sha rd IERES LEETE, SEEGEROE
ATV AHEEREERITRD, I YAY- Ik oTH|
EHE T SN ME L KT 5 220 RROER TlE &
RE-Z LR LE. O, rdv v ARREES LRETF O
HEEDORELIL Pittler PO 125t o TiTo 72, BEMIZIEd
Ty AMEEEEOREARETCHATIATAI ) v 7
GMPhRAFVLAFF—¥pH 7=y PRIEFOERBM
% PCRESIE L, TR SH 2HEH 2 LHRBEEIL (Ddel)
HMPFmAbhAZ L2 FH LT, PCREMW % Ddel THIHTL
TEROHE L.

| NI S RV, NN Y - EAV N AO) - 1

1. PCRIZ & B 1R

yYu RSy TOE-y—hrbNDTT {4 v— (BRP-2, 5-
AGGCCCATCAGCTGAGATGC3) L F I VATV — YD
RRG4 cDNASE B 2 & ® 7 5 4 < — (10R-13, 5-
GAGCACAGGTAGTCGCCGGT-3) 26 % AN T T 1 v —
FRVWT, Y AORBERICL VBN GEEDNART
YFL—bELTET v AY— VRN DNARS] % HH
L7

2. 7Oy Mok BT

10 g ®< Y ARt fADNADREAERIZ LV Bo N, HIR
BEFED EcoRL % 7213 BamH1 Iz X - THIMF 8 h, BREKEETV
TUYF4 YT EFolz. TRy MEPPTCIRLEINIZNT
YAY— YD EoREINT K % 70— 7 LTNA T ¥4 E—
YavEiTol.

V. b2 —CORBEOKREHEER

1. RT:PCR

Ty APEICBITE P I VATV -V ORBREERT L0,
S YRV -y OEEENY RIPCREICE VI TE ST
{v—%fEH L. —FDTSI4<— (TGRT-2, 5-
CTCAGAAGCATCCCCGGGTT-3) XiEERIRHM L Y BD Y
YU RTYyTaE—-y—FERCHY, DI—FDTTLAT—
(L0R-13) BT D & 3 IZ RRG4CDNAFIZH B, + TV AT =V
PEEEWMFEETNE, DS54 v—ty FITED
239bp M PCREEW A4 U 5. RT-PCRIC & 1) WE D MRGAER
EEMERIET 2720, BREBI P IVEEE7 747
(MRG4F-1, 5-GAAGGTGAAGAAAGGCGGCG3) &, L7/~
122% 340385 LAMRUAESEYOEERLI LY &
379 4 <— (MRG4B-1,5-AGGGGAGCACAGGTAGTCAC-3)
Ve L7, WEHEMRGAOEEEYFHETLE, Iho 7
S f4w—kty ML) 234bp DPCREWHEL S, 1ugh~

7 AEEORNAR YV, BEERGZT)%E, 03T
HWIEAOT S CPCRIEE. T o7z, VI VAY-YTFA
I FIE234bp DPCREWFELZBMHT » bo— e LTHWY
=% (AN

2. FEEMHEEPCR

1ugP rF YAz =y 737 AOMERNA (SR E 7213
E, T, A4, EMIC408 LK tRWTEREEREE
v, RISEWIE 125505 18430, TAELORE
EME LIV AV 2y ey ARRICBITA Y VAT -
FHRBEOMRGL E RN TETTAT— TRzl A
27 (26,28,30,32,34,36 1 1 7 V) TPCRCHMEL:. g7 F
VIERNAD HMEEEPCRIC L D H#IF S, FEBIZHWZZRNA
DEEERRATAEDICAVLRL, FEEPCRIZL BE
WEF Yy P AMY —ICE o THBIT SN, ZORRED LI
AR L ERNEMBIBTA I YAV - EHER
MRGAIEEEY O RNAEDLBIC AV 5,

V. BERE

Ty Ay Y 3 (llmg/ke), ¥¥ 7Y ¥ (l4mg/kg), 7V
¥ v (500mg/kg) DREW0ImIMFEIC L hHESH, TR
5% 7=l 7)) vE1%T7 b OmRc k) EREEL L.

2

Prone rch 2
Glycine rich

Mouse-Rat Hybrid

Bam HI F\< RG4 cONA

Bovine Rhodopsin
Promoter

(2.2 kb)
Eco RI

Eco Rl

Fig.1. The putative two-domain structure of HRG4 and the
transgene construct. (A) A schematic diagram of HRG4 is
shown with the proximal 1/4 that is rich in proline and glycine
and moderately conserved between human and rat (67 %
identical, white area). The distal 3/4 that is perfectly
conserved between the two species (100 %, slashed area).
Overall homology between human and rat is 92%. (B) The
structure of the transgene (prhMRG4) containing the 2.2 kbp
bovine rhodopsin promoter upstream of the hybrid mouse-rat
HRG4 cDNA with a termination codon at codon 57 and the
mouse protamine sequence containing an intron and a polyA
addition site is shown.
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REEEOREIIRC2IEEY 2 5 (Kowa, ®F) *HWTT-
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V. BEEEIRE (electroretinogram, ERG)
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Fig.2. Integration of the transgene in HRG4 transgenic mice.

Bovine Rhodopsin
Promoter

BamH|I digestion

#

Ty ACHEROM KRB L-HREL, AELICEWA
SRSEALSREAE L IR TICRIA L7230 — VT &4 L TERG
EM L BOETICHEREES BV 2. ERGEMIL0Hz A
% 10kHz (EFEHEIE) % 721 0.1Hz 4 & 10kHz (GCit#iE) D&t

Transgene

1Kbp

3.7Kbp

Transgene

(A) The presence of integrated transgene in the mouse genome is demonstrated by PCRamplification of a 551 bp transgene-specific
product from genomic DNA, using primers from the bovine rhodopsin promoter and rat HRG4 cDNA sequence contained in the
transgene. The transgene plasmid was used as the PCR amplification template for positive control. (B) The presence of integrated
transgene in the mouse genome is demonstrated by genomic Southern blot hybridization, using the partial transgene plasmid as probe,
As shown in the diagram, Eco RI or Bam HI digestion of genomic DNA would result in the production of a 3.7 or 1.0 kbp transgene-
specific fragment, respectively, if the transgene is integrated. The presence of these and other transgene-specific fragments (%) is shown
in addition to the endogenous mouse HRG4 gene fragments in the transgenic mouse.
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Table 1. Summary of HRG4 transgenic production

Designation Transgenics

DNA injection” Pups Transgenics (Linet) Progeny” in progeny
Ist 20 2 452 188 94
456 (sterile) 0 0

2nd 26 0

3rd 32 2 914 45 25
919 (sterile) 0 0
4th 17 4 1439 38 4
1441 26 9
1446 25 15
1453 15 3

“ Approximately 100 eggs were injected each time. Progenyh’ includes mating of transgenic male and
female and of transgenics with normal control. Transgenic offsprings of mating with normal controls were

mated with other transgenics thereafter.

T1/24BIES Y F8 Ak b o R IEERE (A39,
Tektronix, Beaverton, USA) (CHU W A iz, RiHEIESEE 5
oliHEFvaRa—FEcERS R, EFEHLTOS T A
(M100, Biopac, Goleta, USA) (ZHU A F 17z, ERG FHHIBLIEIR
(FA=ynayrs 27, 150W) »5OKIEH T AMHERD
SRR, AT ABHEE O MR A EATH & D 2mm 2
AN FBOEEEAEOAE B R (UDT
Instruments, Orland, USA) = & W I & vz, BERBOGRE
159X 10° cd/m? T Y, FBOLIRE &AM T 5 220 0Kk
(=it 7 4 )V ¥ — (neutral density filter, ND) % &\ 7. FUBOE
MEX 0.5log ¥OMME L CERG 2 AL 7=, SR BOL
(ND =6.07°5 3.5) TIZ2{HDERG IS % MEFH L, SR
(ND =3.075 0) Tl INE T L b o 7z, RIS RAEHEE
1H02Hz Cd D, FEEEMIZ2503 VB THo2. RIBOHFE
EOWKEE Student DREIZL o 72

W. SeREEME - BT IRMEE
ERr—HEE VTV RAV 2y s I AEEINTVAY
Loy FRBTY RICOoVT, E%Ir Ay H30r ADMICHE
EOEBENRERITo 7, vy 2% ZBLRFEICL » TRE
TR TRREFEH L, 20%D/STHKLVAT VTR
LOS5%DT VI NTLTE FESAZOLIMY ¥ BB
(PH7.4) 2 L7, RERENS 7 4 BB L% HE R ETT
v, EEEMERAIC X A RBENRELTo . ETHME
BEXTEEDI, IRV 2oy 2o AREBEORER L
FRICHET ARBY Y A0EEE, LEomEEL R,
1% 004z & W EEEL, ThI—NIZXo THAKETVEE
WFEC LD o T RS VHIRICRB L. B 3R
IS VE VBT L o THRE XN, BETHEME JEM-
100 CXII, HAEF, HE) CL2BEZIT o/,

157 %

I. PSR- OE

BEFNI VAV 2oy JEFME, BREFOIIVAI -
YT ERBREYR (EREDRACLY, TEEWORE
B - R EET I &) PREOEE R EER LI LIZA
WeHhA, 0L RRE, FEAREERETFEYIFE

FaIbhbhsd, BRME LTHETSH I eafiskelbh
{72 & 22 vy, HRGAD MR R & RO HEM: 2 BT 5 1,
ZORETFM2OD K AA LB N LDT &L TIRTE
HAME FSUAVzow ZEFAMOFREAEICLA (F
18). # v 87BlE0 b7 ZICEOHERRMBOY 8
yRERBTAESELTHORTWEN, 202 XD
HRGAND T 3 /Ko 7o) Y IZEUHERfboy » 32K E
DIESEITH BTN S D, TLREIIRFENLTVE S
WEEVRBEMOMER, Z0F s HOBELETTS"
RS Hd Lk, FORUFELGRE, 73 /5=
EMOY Ny RDOHERBEERE, EWY 7 HIKE
BT AAHELZWIETTHS. SHIENY VT EFID
BICSAMEESNBA 25T, EEHRGEY ¥ /37 HiIdHEe ¥
VY BEOREEAERCBREERETI I EFTETER
L LTHRGL Y ¥ 7 ROFFERIZO LN BTHS ). IO
HRGARIELA S F 7 ADOMEECEREZEEL S 2N, M7
VAV I v s EFNMICBLTRADEANM RGNS LT
b5, WEEEERZIIBITSHRGAEROTFHPAZ) —=
YOI, HRGAD2DODF A4 D% & 5 EHTH B 57
IR UIIATFOESEDELE D PR EoBRENAONY (R
53), OB REIEE B, JTOLOERFIE, HRGL
OEANE6T I/ BOAP LY, FEEROHRGE 2 FERT
LS YAY— Y ERERLT (U1B). <7 AHRGAMFE R
F(mouse retinal gene 4, MRG4) 7 o—=> 7L, SREAE
aFVEELIEY U 1OEERFZHRELR. MRGAD =X
Vr1mdh, 1A N0 T UELT FUICABIICE
BLTw2b0%PCRICE Y {ERKL, MRG4 cDNAIZT 3 /R
OFEAIY B —BTH L) HEALKAL. ZHLTTE
Foe Ry Mg CDNA % 2.2kbp Dy YA KT Y T E
— & — W% &4 gBR200JacF Ry ¥ —IZHAL, Py AV
v (prhMRG4) #fEft L7z (H1B). EHHRG4D T T E— ¥ —
HGCHRY 7 AZEATEY, ZhHIEMBUANAOHRBTOR
FERELTVWEEY, SEO NS VAV 2=y 7 ETVTI
BEIZB T A ERHARGADHE L WL OPEWD/2HT VT
yr7aE—y-PEREN. ZOMNT YAV - VITHEIEE
WEOEFETRARENLOLRALL, 70 Y IZETRID56
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FIBEDEAEVY RV ERRERTA. o, b
S YRV~ BEHEEYWBREANS ¥ —0pGEX (Pharmacia)
AL, 20N ¥ -4 WMRGE ¥ ¥ 37 B % in vitro T
RHTAHZ L THELL.

Endogenous MRG4 expression
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I. b3V 229 I 2DER

F9 Y ATV DNA%E YU AZRINC 100180 D& 5 C41H
EFAL. 4AOEATEREN20, 26, 32, 17TILDT T AN
BAELE., VIUAVIZwITUR, FEIVNFVAYZvS

Transgene expression

non-Tg Tg
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£ \Q A \Q A
¥ & & & &
& & &S
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1353 o
1078 =
802~

310 e

280
€-234bp 234 ===
197

€-239bp

Fig. 3.

30

32 34 36
PCR cycles

Expression of the transgene in HRG4 transgenic mouse retina. (A) The presence of a 239 bp RT-PCR amplification product,

obtainable only from the transgene transcript, is demonstrated in transgenic but not non-transgenic mouse retinas. A 234 bp RT-PCR
amplification product from the endogenous mouse HRG4 gene transcript is shown for both types of mouse retina. The absence of a
product without RT signifies the absence of genomic DNA contamination in the RNA used for the analysis. (B) A semi-quantitative RT-
PCR analysis comparing the levels of the transgene (@) and the endogenous gene transcript (O) is shown. RNA from a transgenic retina
was reverse-transcribed, divided into equal portions, and subjected to PCR amplification for a varying number of cycles to obtain
transgene- and endogenous gene-specific products. The kinetics of the PCR amplification is shown, and a comparison in the linear phase
of the reaction indicates that the transgene is expressed at 60 % of the level of the endogenous gene. The same analysis was also
performed on RNA isolated from the four quadrants of the transgenic retina, to determine the regional differences in the transgene
expression. This analysis demonstrated highest expression in the superior temporal region (data not shown, see text).
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< AQHANE, BEARICE DHS - R /KDNA 2 047
FTHI LI DT, EEEDNAOGHONKEL LTI
b AV oy 7wy IR 2 EERS £ PCRIZTH
BL, FIYARTY 2oy 7T ADMIA LIS 551bp D PCR
MR R ATEE (M28), P YAV v v AL
BRALEERFE 7o -7 LTIy Toy Mk (J
9B) D ODHHETITo /2. Y70y METI EcoRI £ 7:
1% BamHL TEIWF & N 72N RO MRG4 Jeta ks> FRISHZ,
FI YAV 2oy PRI ATRBASNA NI VAT — ITiF
By F o) BRLNE (H2B). 4005 NV—TD5 b
FRERL, 0, 2, 4IED T YAV 2=y Fy ARBl (F
D.HMILAE NI YR 22y sy ADREEERT H720,
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A

"

.

T TA

141

EREL, ThODFREPEFEYY AT RFA—FREAO T
YAV oy ey AEWEEER. £z, SILERHKOT T A
IZE Db As SN D rd BTN L RET I, RERARD
oy AHEESEERIL, PSS YAY-riZLloTHIE
RSN EEESELRNTELWTRESS S, 207120,
STORFEN T YAV 2=y 77T AB 5 rd RN
BEFROAFOEAELE IIELEREE Pittler 5 P07
ETHAL, rdBBEEERETFICL-> THERI Sh 5L
MO THMEZRI L. Bohi8RHENI B, 2RED b
SyAYVzowrwy A (No456, No. 91 IERIETaHh b #aH &
SFH N Aol BETHELEREDI B, SRFKEHLTHIO
PRV vy T ADFHRLPESNR D0 /208, 452
Fwry ADFZM No.452 R TIIEHMEATRL, 94PLb D b

Fig. 4. Fundus abnormalities in HRG4 transgenic mice. F' undus photographs show the range of fundus lesions observed at different ages.
At 9 months of age, a few white spots are often seen in the superior temporal quadrant of transgenic mice (B), which are not observed in
age-matched normal control mice (A). More significant pathologic changes, consisting of multiple white lesions (C, 23 months) or
outright degeneration and atrophy (D, 24 months) are observed in older transgenic mice.
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Fig.5. Electroretinography of HRG4 transgenic mice. (A) The
b-wave amplitude is shown as function of the log of stimulus
intensity. The age of the transgenics examined ranged from 9
to 24 months (@, n = 34), and age-matched normals (O, n=
14) were used as controls. The transgenic mice show a
decrease in the b-wave amplitude, statistically significant at
stimulus intensities above — 4.0 log units. The transgenic
mice, older than one year (A, n=23), show a further
decrease in the b-wave amplitude. (B) The ratio of the c-wave
amplitude to the b-wave amplitude in the transgenics (@, n=
15) and age-matched controls (O, n=17) is shown. The ratio
is significantly increased in the transgenics due to a decrease
in the b-wave in the presence of an intact c-wave. *** p<
0.001, ** p< 0.01, * p< 0.05. Mean = standard deviation.

FGUAV =y IO AEREDH Uiz, KRIFETIRZ 0%
H|OT IR EIZHH L.

| S SV St Er A do P 80 -2 i

1. VY ARY - RO

NodS2RFD N T VAT 22w I ADMEIZBITB M5
YAV ORBRIIHEEEPCRICEL o THREBSINA, T42b
LNoAB2HZBHED MG VAV 2w I T ADMEL ) RNA %
MERICEEERERE T, M7 YAV VICRRNRER
EEWIZOWVTPCRIC L 3 HIEETo 7 (H3). WIEERER
BIZk o TOHRELGND239pD b T ¥ AV — VIRER L EY
IZED, FIUAV I IR RCBIBBEASNLIT Y
AT - ORBEME L (W3A). HIEERE4 L TPCR#E
IBEGDNERONEPo722 L), RNAND Y/ 4 DNADIR
ADBNZ EPFEROONT, T AT - DEHREDHRE

w

DOWE L FOFHEE, NI UAV-CORBBOERBIIEES
728, PCRx WV THEMDIEFMRGI#ET L PF AV -
Y OBEEOEERYBITEIT 272 (U3B). No452%HD b
FUAV 2=y T AOREL D E LN RNARHIEER
EREOHBZS L, —2idNEEREFOMRGA X ) OIEEE
WERTD, FLTHI -2 I VAT — L) OEEE
M %R O PCRIC K A% 4T o7z, PCRIZL 2R
BBIEHEEEo THNON, NEMEMRGLRETFE FT VA
Ty OEEEYE T BT 5 oM BRI N (7
3B). FOHR, 7y AY—yORHAREIIHEEMRGAERE
FORBEDOHE0BTHLI LIMBELE, PFrAY2z
YITIADRL BBV ICBITE VT VAV Y ORY
BERANRLBID, VI LAV 7 AOREEEAGHIL,
FHE D EEMMIEE PCRE MEEMRGE, PS5 AV,
T F y OEEEWI LTERER T 7. BT 7T THl
EERENTI VRS- bDPCREYRETY Y MA MY
— I B LAEZA, ML TRIEINELLETS
&, WMATHT072, BAEHFT037, HATHTOTH 7.
bS5 v AT =y OREEMRGE T AHAIE, BMLEHT
1.1, ¥MUTI5T0.74, SMIEATO6, BT TOTHY, 4
SBROFEHA61%E R Y, Ll LABEEds» b ofRe—
L7, TOMBINT YAV COBBBERII AW EER
LTBY, FLRIONSVAY=UFURTLDNIVAY
— VTREN LI, B L o T4 BB D - fo RO
FLTWBZ LPbbhoi.

2. REWRE

b VATV rzmy 2wy AOREIEGRIREIC L o THE
XN, RC2ZIESN 2 7% AVWTIREEELHRE L. RWEOH
By fTo/-2lLO G YAV 2oy 2T IADH B, Nodbl
FHEDOII ATy FYRARI9ET, RO DT I AR
FOMDER/FEDP LD IR TH oz, FNHOETORER
BT, bTFH2RBLAASPARBE» LS ROML, W
BB ES T TRA REEREY AR L2 (N4B-D). #
JEDIRE L7- H SR iBE B BRI b h, MR
BHEEIER NI VATV 220 29T ALV ELCADLR
7. QIMDEE<IRAERE NS YAV 22y 7 RZHPOHE b
SYAY =y rwv A (622 ) TIRIVEICRE RO,
- 72 (K4A).

3. MIEER (electroretinogram, ERG)

No452 BN 3MIED NG VAT 22w w7 AZBVT,
ERE B S EENEY YA LR Tall, cBIFERI
LohbbT GREX), ERLbEORIBEZEDL (p<0.001)
(E5A). bIEDRIHIIRBEEZE M THIZEH L% HIER
YA TOFHEITH<T64%H 576 % ZMmEI LT, R
EOREOEENIN S VAV 2oy /vy AOERBEFELT
VB EIIRALI END, EBIERME 1EN E02HIC
biFT, PSRV =y 2wy ANDERGRER TGS E
REFAR~ Y AL BRI L., BEHBEO N v AT 22y
oy ATRaEREFE Db 5, bikik & D EHICHE
5L (W5A), ERGEH OEREKIFESHL Mo/, 2
FEMBET Y AIERTIS YAV 2y 7wy ATk clIR
T&/b IR ATE 2 LA Lz (K5B). o5 AT
== 7Y ADOLETOERG OFET L IREN1E, BT
RA-5372 7= D HATH R %2 o 7278, PEORETRE 7 ¥ A
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Jrzy 7wy RIBWTERGRE £ 1T L7z, FIIETE
Tho7NoII9DT I AT FREFEHLbENRB/AFR LR
7 MOZRFELOOEVFI YAV 2oy 27 A(No914 A
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Fig.6. Light microscopic findings of HRG4 transgenic mouse retinas. A variety of retinal structural findings is observed in transgenic
mice of different ages. Compared to the intact retina of a normal 12-month-old mouse (A), a 9-month-old transgenic retina revealed a
disorganized, loosely packed outer nuclear layer with some migrating photoreceptor nuclei (arrows) (B). (C) A 24-month-old transgenic
retina showing clear evidence of photoreceptor degeneration, with the outer nuclear layer consisting of only 4-5 rows of nuclei instead of
the usual 10-12. There were also reduction in the number of inner nuclear layer cells and extensive vacuolation of the entire inner retina.
(E) At higher magnification, extensive vacuolation was evident in the outer plexiform layer, the site of the photoreceptor ribbon synapses.
Numerous inner nuclear layer cells showed evidence of apoptosis with pyknotic nuclei, which are not seen in the normal mouse retina of
this age (D). INL, inner nuclear layer; OPL outer plexiform layer; ONL, outer nuclear layer; IS, inner segment; OS, outer segment; RPE,
retinal pigment epithelium.
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Fig.7. Electron microscopic findings of HRG4 transgenic retina. The outer plexiform layer containing the photoreceptor ribbon synapses
was examined in 24-month-old transgenic (B-D) and normal (A) mice. (A) A typical rod photoreceptor ribbon synapse (spherule) with the
electron dense ribbon (arrow) and horizontal cell dendritic process (arrowhead) in the normal mouse retina (Bar =0.5 xm). (B) An
abnormal ribbon synapse containing the ribbon (arrow) and grossly swollen “watery” dendritic processes containing flocculent debris
(arrowhead) in the transgenic retina (same magnification as A). (C) An abnormal spherule containing clusters of 15-20 nm circular
osmiophilic structures in the presynaptic space (Bar =0.2 xm). (D) Abnormal spherule containing watery dendritic processes and

osmiophilic structures almost replacing the presynaptic space, consistent with “dark degeneration” of the terminal (same magnification
as C).
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Abstract:

The human retinal gene 4 (HRG4) is a photoreceptor-enriched protein localized in the rod and cone ribbon synapses. The
purpose of the present study is to demonstrate the pathogenicity of HRG4 when it is mutated. Transgenic mice were
constructed expressing in their retinas a truncated HRG4 protein caused by a premature termination codon identical to that
found in a patient with late-onset cone-rod dystrophy. The transgenic mice developed age-dependent fundus lesions,
accompanied by electroretinographic defects in photoreceptor synaptic transmission (the depressed b-wave), despite normal
photoactivation in the photoreceptors (the intact a- and c-waves), and retinal degeneration with marked synaptic and
transsynaptic degeneration. Thus HRG4, the only synaptic protein known to be highly enriched in photoreceptor ribbon
synapses, is demonstrated to be pathogenic when c-terminal 3/4 is deleted.



