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Histopathological Studies on the rds Mouse Retina
—Relationship between Photoreceptor and Pigment Epithelial Cells—
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Abstract

We used light and electron microscopy to examine
detailed ultrastructural changes in the course of the
development and degeneration of the rds mouse
(rds/rds) retina with particular reference to the
relationship between the photoreceptor and retinal
pigment epithelial cells. During the first 6 postpar-
tum days, the mutant retina showed the same
developmental pattern as in normal mice. After
that, however, rds mouse retinas failed to develop
the photoreceptor outer segments. After 14 days,
the photoreceptor inner segments and the cilia were
all arranged parallel in the same direction in which
the pigment epithelial cells extend their long mi-
crovilli. The inner segments and the cilia were very
long and surrounded by the microvilli of the retinal

pigment epithelial cells in the mutant retinas 21
days postpartum or latter. Some inner segments and
cilia showed cytoplasmic degeneration in the part
surrounded by the microvilli, while the other part
appeared normal. There were pigment epithelial
cells that contained fragments of the inner seg-
ments. The photoreceptor nucleus and inner seg-
ment were reduced in number after 21 days. These
findings indicate that the pigment epithelial cells
play a role in photoreceptor degeneration in rds
mice. (J Jpn Ophthalmol Soc 99 : 277—285, 1995)
rds mouse, Retinal
Photoreceptor cell, Pigment epithelial
cell, Electron microscopy

Key words : degeneration,

I %%
rds = 7 A FREEELEOEYE 7L 0—fEE T,

il

WETORY THRIET 2, vds =7 A3 retinal degenera-
tion slow mouse DBET, »d =7 A (retinal degenera-
tion mouse) ZHATHMLOEM LW - ¢ O LT

AIRIGHRSE © 813 fEMREATHEEER3 —1—1
(FBE 6 £ 8 H 15 HEA4, TR 6 4F 10 A 18 HsT%H)
Reprint requests to: Akihiko Tawara, M.D.

FUMAE

EAERIRAEE HIE BE

Department of Ophthalmology, Faculty of Medicine, Kyushu Univer-

sity. 3-1-1 Maidashi, Higashi-ku, Fukuoka-shi, Fukuoka-ken 812, Japan
(Received August 15, 1994 and accepted in revised form October 18, 1994)



278

B2EDS, CDXDCWHBINTWS, rds vV ADHE
ETFRFZ 17 FHOREME Ficd - T, FHROES TR
EOBAES L& 5D,

REEESE rds v 7 AME O EBERN 2L, F
B, 2o 4EE4m C TR EISERE NS Z &
o3, A 2 EHD S EMBE R AL, HEL
T T ETHBY, #LTC, 2D 3 LEHaOEED
FEREEMEES DD, BovEt, BHELTTL
E15N T3, Lil, SHMROZHEREPERC
Mz EHESEES T 2 hELI OV TIRTHTH
5. 2T, rds ¥ 7 ADRROFE B X UZEMEE 2 #
MR & R AR = o BIfRICEEE L TR
BE L7z,

1 4#2B0rds v APENFEMBESTA.
ML R el T s s h, EfEERR s
R, TA—NI13H

2 4%10BOrds 7 ABRO A FEME
BR.
HEERIE (ONL) 2R S h, RAIRPET & M
F_ LS & oRMicHEMEERBR (RUD) SEET
B9, AR g, 7TA—VITRE

X3 4#%2,2BDrds eI ABEOKFEAMSE
EA.

FOEEH & e TAMERE (ONL) k- Tw
%, EHRA AR L v, SRR R
fifg (&LD) HEsNZ, TA—NIIRE

OBFEET

M4 4%#%6BD rds v AREOEFERETH,
HMRRE (IS) Ok, —EOBTHE
£ (C) PEET L. BEORHREIT- LI
bfricMhyRE s s, SEREEsZn, ]
HifL - % LMK (PE) &L THAEL, £0
B RIS & A EETEL oW,



PR 743 H10H

II RB& 5 &

L& %

SEIOERICIX, £% 08, 2H, 48, 6H, 8H,
10H, 11H, 28, 3, 1»H, 2»HOC3HHRk
TG rds 7 A GBIETHY @ rds/ rds) O8N % {8 H
L7,

2. /5 &

rds <7 ADOHHBRIE I 2% KL= >,
25% FNF—NT LT ER, 0.1MBBREGE (pH
T4 EL, AELKGEEREL, WEES DRI
Wz 40FL, BHMEZERPCHREFELE. 20%, M
7% 0.1 M BERBIEEE (pH 7.4) THBLT1% A R 3
v ABET 1S, BEIEL, 7V —LRBIITBIAKL T
IRFVEIBICEE L, YV ZE 20 b —ATESR
1 pm QYR ZER L, 77X = I THE L THEE
WEETHIE L., &5, EEYN 2By 7L 7o
VST EREO L TETHEBE TEELL, SROB
12 3 AR A L 7.

rds =7 ARG » FHI 279

I # %

1, XFIAMERTR

EH 2 HO rds 7 AREIE R T, WA
iz chveh, EEERIRsA»-("1). #
O, e cHilEsRERICEYIL, £ 8 HoMEETIX
B~ 7 A L AR BRESE AR S LT vz, £# 10,
11 HD rds =7 A§AIE T I3, SMINLPIHET & M L&
[& & o (LI, S®EMmEEmEm) BSEEL T»
feds, SRR s a7l (B2). 414, 21, 28 H
OMEBETIZERR & & b CHMERIEOE S H3H LTz,
FR I S o B S A R R B i R s e, £ 21 AL
BED rds = 7 A THABE D SR E - M e e B e &
ffifaEoni(K3), L, £z iEL s
AEOERMIRZbLT L TH- 1. L2 rHOMET
FE R & R THAERIEIE S S it o Tz,
WM ORIHIC B W T H MO IZFEEL ko iz
(B81~3).

2. BFEMIBATR

FBRI2HBLIUV4AHD rds =7 AOHBETIE, SN
Ofatkn» o, HMEE £ 27— : OBEERE 22

H5 %#1080 rds v 7 AMEOEFENSEETE,
AN (S) EMEBfEE FEMEE (PE) & oz xSdBaiEsER s hTE Y, B FE L - iEm
taF E MR OMEESNE B L UE (C) @2 THYTWL S (FH). AEOBRIZR S,



280 HIR&EE 99% 35

6 4% 14B0 rds v APENEFEMBEETE,
FL A O & bl U THABAE (IS) B3R L, TogkicE UL EE (KH) 2FLTwa, N
fis LTI —EAMCEL T, 2OHMICHD > CHEBORE EF#OMBE (KLD) 8E-7<
ZHUTWns,

R ’ £ el Qﬁ " .*L ST
7 &£#21 HO rds v AMROETEMETE.
E (C) ostigcstiMikoihE (RED) BEET 205 AEER S vy, Sk KR
vesicular structure (£L VD) Tz ShTw5,



FEC 7 3 H10H

T, BOHHBNESTEE L 72, HlAE R s nm
irofz, F ERHREHMEAE L #E L THFEEL Tw
T, MABEENICIZIEE A CRIBBTFEE L e hodz, aF
b BT D AREE A o oL IRAR S X MR
R 25 i Rk e - 7z,

%6 HD vds v 7 AHETIE, HAKNEIZ R VR
HObO LT, XOELo. AfiOERICIE, F
WHE TSR EICHET 2, —HoBETHERE
(AT, 88 BLiLidBzgEant: (K4), #fEo
KRBT 7oL cbFhMMNBR S tz, 4
B i o7, A% LEHEOMMEE TR VW ERE X
Dbk, BELHENCHD > THU TV B0
bbhod, HME e BE LA L TEEL, £
ORFICHIBIZIE E A ETFIEL o o, B2
Rehicdho1 (H4).

E#HmSHBLU10 HO~ 7 AMEE T, B DLl
HETFREE DS D T EEI N AL Ho 1

rds < 7 ARERE -+ HIIR 281

B, AHIOEEIER S ghol, WHIB X BREIZR
WIHHD b O LR TR &R 5 283, FHEAM A
o lBhini% < Bond:, SHEOES » R E M
AR h-t, EREE MR IE R < L 7 i
EEHL, MREEINE, BRECHLS THUTHL,
B F R OMEMTE I, MIYAIE 2 NE B0 ZEH
e LI LIEEE L Twiz (M5). SRRoRcs L
TIE A2 TH TY - 72V C, SN HEIRER
OMYOH A FIEMEXE L, EHEcoFE EEfEo
MRS L Tz, IO DM, Similo
MBSl r b & icBE s iz, SlE LAk
L EeHulaE & o id BRI REESEE L, BUE
DOEHEE LT~ T A EMEOEETOMEBHE S L.,
¥ 7 ZORBEICIE, Jansen 6933 vesicular structure &
W A 72— O MRS THE & W7z 13 IZ M ORSEYHE UL
LIFR s, ZoMEYREL RBFEEER LT,
£ 11H, 14 H, 21 HOME T, SMIREAHIZS

M8 428 B rds v RBENCEFEMNEES,

AR S BOBERGHR EEMROMMECEI AT, BLHOLNEI(RUD) BEET S, 20RO
faEBIIER OFEL R, B: A ONEOBFR LM OMME ICH 2 Wm0 (KU D) ok, %kl
Bl A DEFHEELETLTEEL WS, MIBEMNCIEZM (KA BEEL TS, IS NE, PE:#

Bt LR, Ci: &E



282

SIZEL, ZORBCR MULEEEZEL TV, W
fiis X B —EHAICESIL T, ZOHRICED
THEBEHE E RO T < TOMBEES > 7 I
TWwiz(HE6)., ZoRBRUIFOHAICEGZRLAoh
o, SMRAPNETZRESMNAIETSH o f, WEIOHIC
FHRE IS OZRBEET 2 b00H -, BE
R a#E EEMREE» > TRMUTTHT, £0O5EhE
g FEMROMEECEL TVw  boBRshiz, —
HOME T T OSm A HIFIREROME I BIE S i
B, SHEIFEIEL o7 (K 7)., SRR HE
B0 b D AT SIZEL, KED vesicular struc-
ture Tl a3 TWi(®7), £, ZOMBICIIHEE
FOEEY b BE s e, fEEE LR
HEIRREICED D RVEMEEZA L TWwi, Lal,
R Rk A3 £, vesicular structure Tz ST
WB s, fFE EEMOMEE S ERNENICE T 51
B HED RO L tER T 2oz, HEAEE LK
MR OMBEE NI 12 SO TFEL, MaE 2
SEOERTHED shMEL Ront:, ZROPICH
BYNEET 280, i, HHAEEERE CE
HIN-EEBETOWEEZRD AALERS Rohi, @
FEEMi I m o Te,

HiR&sE 99% 35

41k 28 HD rds ~ 7 AMBE T, $AERHNEL, BHH
HASEE L - Rl EE Lz, DL REEL
re ik, bR < OF M EET b /B
., NEIRHEDEA L, BSEL BoTwik, i
%W OMEOTE FAEROMRECHZINT, KL
U7 Wi fEE Lz, £ OWNE ORI IER O Ex
T LTes, bR OMBEICE £ RN <
D, MRENCERSTFELT, L Tw (K8).
HENC A S 222 2R b 0, fifgE 2Lz b o,
FABE L 7z b OAWE s e, WETDKIEL 286 b RS
iz, 20XdREAMTIR, 28OS 27 —Hfanzs
EHEE FFHEC s T T SHMUTwi, BE
A < U, el LRI OMME TH £ 1
T, Wicfil, PEREEZRTLOBEHESNT (K
9). 4 14 H, 21 HOMEw T, HiHRRHEERIE
<, vesicular structure b o7 (X8, 9).
F R O BT 1 2 O M AR E - THEMR A
o THUITWT, NEIPHRECEL TW, MEGE
FREMROMEN, BTEENEL, L
AR 7RETI2EARYIPEEI N, ARYMOER
AT 1 pm T, MBIELSKES LD Tz (E10). &
F LRI S IR sk o Tz,

[9 428 BD rds 7 ABROEFHAMKEE.

BE (RLD) BME < HY, SR EEMROMMECTHEAT, Bk <, TERBEZRLTYL

%, 1S : N, PE: fEps bAHIAT



R 73 H10H

rds =7 AHHRE « HIJR 283

10 47 28 BO rds v 77 AMBEOIEE T - KR
BN EFIEHRETEH,

HFLE AN, ARSI O b 2 ZEHL
1oPE (RHD) PEET A, B EML -l
WINBE (KLD) 28ATVS,

F#H2HD rds 7 AR £ 28 H O A & 45
PLLTWwizs, HEfEAgosEsscdn, Esd
LVE»-Te., £, ERELEAEIORLE -1 (E
113

v #% %

rds < 7 ANBEE O HMIR O RERFE L &, SEICHE L
REWCIH v AME BT 2L, 2% 6HET
BRHABRORZC rds v 7 ALEE~Y YA L TERE
o, L, 6HERE, IEE<7AMEETIIHEMARE
SHEIRRER TR N8, rds v 7 ATIREFEREHE
CTHEIDTER SN Z Lidkhot:, 1, %21 H
LARE, vds < v AREETIXEMLOZN, B EL, B
LHEIDERL A Uz, DLEDORTRIE, rds = 7 A
TIREMLZNE 2T 2 2 &2 e, 1k
LTTR EOFEPNLE—FT 3,

IEH~ 7 A M CHMR A ST S it 2 £ 6
HEARE, »ds =7 A TiaHERE 3 E IR O i E 2%
EPAHENICM D > THT, MINMAIEE 2 o - NETPARE

K11 £#2H,BDrds <7 APENEBFE M
ER.
P (IS) BIEFEL &0, — L Twa (&
HI).

DFRMMOZEEE E UIF UITEML Tz, g7, EHE~
7 A THHIHER LTI T 248 14 HLEE, vds <
7 AR T IE R O NET RS —E A il L
T, ZOHMENTFED - TREGASE RO 3T < T
WENE - T WM T, WBEE I E
fastEioFE P MBS 3 2719, %72, EIlfEE
FarA s h oREEREREEL T, H L EE
BFREEME L DR 2RO, 20X D ICIERHE
T, AR bR X BN 0 FEE O T B IR R 1
EBRLTHY, rds w7 AMBE TR > LEEOFR
i%, rds 7 ATHHEBOE FEME L Gl s BE
KAERALTWA I EZRT0EFIO6NS, KIT rds
v AREE 7 o Au=y 7 T — %R L T
FRNCHARER T, B~ 7 AHEEERRIC vds ~
TATHRMBEOFET L IS 0T A7) 7 B
L, AN & MEEEa R L oA S T,
Z LT, Al sssE g o ik Ui 4 20 2 H OB T it
FurA ) AYIZbTICEEL-OAT, HELIHE
FLTwize SO 7o 74 270 4 > 0
ErEaF EESEETEY. LT, rds v U A



284

R THElROZE > TFaT 47 ) H BT
5 EiE, rds < AR B A EME - MEAE L
Bl OMEERERT O LTINS,

rds < 7 A MEEOFAMIIZE M O R R I EMEE &b
BEEzZ o0, MEGELAHOES XS ) EES
NTWiRnons A 14 HEEEO rds ~ 7 AREKT,
a3 b R MHRE OB E 1 PR £ N7z iR B P NETDE < {4
VT, LTV, 20X 5 2NECHEER, lEc
DI Z FEB R IE R OREE %R > Tl ds, R ERK
HIRE O FWREE P hic SElm Ol <, TRk -
Twiz, IEE <Y A#E T, £ 14 BED & HIEs
A E R R OMMBE £ IBIRIRE 2k L, o
IRFEDE A5, OB L HEGEER B LA
YERDSHEST 3 2 B, vds <7 AMEECHEB AR EE
MR O WHREE P E - NETRENZMEL, MEAR
R EEE L 2R IEEEE R TR ULRR,
rds = 7 A CHMEOZE M B A ISR
MRS 5 2 L RRRT 5, EFMEE T I EEAR
R A S B A 2 L id sy, MRS
HOhOEYEFNVTH S RCS 7 v + Tk EE L
B REL DY, FOTdICIEE LM, EM T
HEENBEY, Z0I &I dHEEAER EE M & S L
DWTFNL—FZRENDHHE, A ER LR
KoltREEICEDBLZEE2RLTEY, HAKCRE
BhD rds v AT, MEEEEE EEME D
EHEHET 2 EWHIER L BRL 2178 % L % AlaEH
BhHbHEELRET S,

rds = AfERET, MEEEFE LR CcERY S
Hih-. £% 28 HOEETCRONLEEYIIEE L
rarFUTERL, HEHEO—MEEESE R, C
OEEWFEEIHK 1 um £ KE L, MRERKLLS %
HOTWiZEhrSHFRRE IF L, NETO—I
FBbitiz, vds =7 AOEEAE EEMENIEEOE
BREXHE T2 2 LHBHMSNTWEY, TFHHEE T2 51
FastipsE AR ik L T, Ml bR IR Hsl s L
T-EMEAE s ERT 5. Z OAEOBE B AE
BMESBES T2 2 ERTRBENTWEY, Lizdio T,
rds = v A EFE FEMER I cBE s i Afio—iB
RS ML R S Rl Tl e s, aFE L
Ffifass, ST LT 5 s L 2o gl o
WHEERL-TEEE & b, MRETHENTES
LRl —HE2ER L REELVEETE 2L, D
20, rds = AN T, SR GEE S EEO
TR (e s, SoEHL-HMlEER
LTwaaAgEEbFE LN 5,
SEOEEEFIE D &, rds =7 AEEO RN D
ZHERRMBEEEPETIREOLDICE IS L LD
2, MR R b o ZE A RES Y5 LD
WAER L T 2 ATREME D R S Lz,

HIR&3E 99% 35

Beagz2ehi), XEIREL TR EERE
HBFCHER - LT, £, NEIgrant EY06841 2@
T rds =7 ADIRBREHHE L T /272w iz Erasmus Univer-
sity (Rotterdam) @ Dr. Somes C. Sanyal iIC &7z L %
3.

X B

1) van Nie R, Ivdnyi D, Démant P: A new H-2
linked mutation, rds, causing retinal degeneration
in the mouse. Tissue Antigens 12 : 106—108, 1978.

2) Démant P, Ivanyi D, van Nie R: The map
position of the rds gene on the 17th chromosome
of the mouse. Tissue Antigens 13: 53—55, 1979.

3) Snyal S, Jansen HG: Absence of receptor outer
segments in the retina of »ds mutant mice. Neu-
rosci Let 21: 23—26, 1981.

4) Sanyal S, Zeilmaker GH: Development and
degeneration of retina in rds mutant mice : Light
and electron microscopic observations in experi-
mental chimeras. Exp Eye Res 39 : 231—246, 1984.

5) Sanyal S: Cellular site of expression and
genetic interaction of the »d and the »ds loci in the
retina of the mouse. In : Hollyfield JG, et al (Eds) :
Degenerative Retinal Disorders. Clinical and La-
boratory Investigations. Alan R Liss Inc, New
York, 175—194, 1987.

6) Jansen HG, Sanyal S: Development and degene-
ration of retina in »ds mutant mice: Electron
microscopy. ] Comp Neurol 224 : 71—84, 1984.

7) Tawara A, Varner HH, Hollyfield JG: Proteogly-
cans in the mouse interphotoreceptor matrix. II.
Origin and development of proteoglycans. Exp
Eye Res 48 : 815—839, 1989.

8) Sanyal S, De Ruiter A, Hawkins RK: Develop-
ment and degeneration of retina in rds mutant
mice : Light microscopy. ] Comp Neurl 194 : 193—
207, 1980.

9) Cohen AI: Some cytological and initial bio-
chemical observations on photoreceptors in
retinas of rds mice. Invest Ophthal Vis Sci 24 : 832
—843, 1983.

10) Weidman TA, Kuwabara T: Postnatal develop-
ment of the rat retina: An electron microscopic
study. Arch Ophthalmol 79 : 470—484, 1968.

11) Tawara A, Varner HH, Hollyfield JG: Proteogly-
cans in the mouse interphotoreceptor matrix. L.
Histochemical studies using cuprolinic blue. Exp
Eve Res 46 : 689—704, 1988.

12) Tawara A, Hollyfield JG: Proteoglycans in the
mouse interphotoreceptor matrix. III. Changes
during photoreceptor development and degenera-
tion in the »ds mutant. Exp Eye Res 51 : 301—315,
1990.

13) Tawara A, Hollyfield JG: Proteoglycans in the
rds mouse interphotoreceptor matrix before and
after photoreceptor loss. In: Hollyfield, JG, et al
(Eds) : Retinal Degenerations. CRC Press, Boca
Raton, 217—225, 1991.



FRE 7 43 A10H rds <7 A M « HIE 285

14) Travis GH, Brennan MB, Danielson PE, Kozak 15) Bok D, Hall MO : The role of the pigment epithe-
CA, Suteliffe JG : Identification of a lium in the etiology of inherited retinal dystrophy
photoreceptor-specific mRNA encoded by the in the rat. ] Cell Biol, 49 : 664—682, 1971.
gene responsible for retinal degeneration slow 16) Bok D: Retinal photoreceptor-pigment epithe-
(rds). Nature 338: 7073, 1989. lium interactions: Friedenwald lecture. Invest

Ophthalmol Vis Sci 26: 1659—1694, 1985.




