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Beneficial Effect of a Retinoic Acid Responsive Gene Product, Midkine,
on Constant Light-induced Retinal Damage in Albino Mice
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Abstract

We studied the protective effects of midkine, a
egrowth factor produced by a retinoic acid respon-
sive gene, on constant light-induced retinal damage
in albino BALB/C adult mice. Two days before
exposure to constant light, midkine was injected
into the vitreous of the left eyve and a phosphate
buffer saline into the right eye (control eyes). After
7days of constant light, control eyes exhibited
shortening of the photoreceptor outer segments and
decreased thickness of the outer nuclear layer,
whereas in midkine-treated eyes photorecestor cells
were virtually intact. Although midkine-treated

eyes also showed photoreceptor damage after longer
light exposure of up to 21 days, the damage was
significantly less than in control eyes. Measurement
of the thickness of the outer nuclear layer showed
the protective effect of intravitreous midkine on the
constant light-induced retinal damage. These
findings suggest that midkine is a potential agent
for the prevention of photoreceptor degeneration.
(J Jpn Ophthlmol Soc 99 : 636—641, 1995)

Key words: Mouse, Midkine, Light damage,
Retinal degeneration, Rescue

AIRIERE : T 890 HEWREREERETEY 8§ —35—1
(SFEC 6 11 A 16 HEZAF, FE 741 H 17 HMGTZH)

Reprint requests to: Kazuhiko Unoki, M.D.

PR B R FRERIRE A Bk —Z

Department of Ophthalmology, Kagoshima University Faculty of

Medicine. 8-35-1 Sakuragaoka, Kagoshima-shi Kagoshima-ken 890, Japan

(Received November 16, 1994 and accepted in revised form January 17, 1995)



TR T H 6 HI0H

I #

7 v b+ OBEMEREBZE LR 1 & 2 R,
TRl ERT2EAL TE S EHIEL LS 3
HE2ND, EWISHESERLOOH 59, MilukRkA
Fid, Ml O SHME - FESE « 9T - Bl S o4
HRE D A 597, EAb < i@k ¥ ORFBILEEIC b Hn
b D, fEHC O WTHR T IUE, MR ER T35
4 2 survival promoting activity 2 X - T, 5

Il

SEONDYY, HEVERRHEFHII R R AT (basic  fibrob-

last growth factor, bFGF) % ¥ Ok ERF, M
HHRBEERTH L0 F A4 %27y b OWMFHE
WCHEAT % L, ZOHROEFEEEIC & 2 EREEOR
EHHIES L I3EEas s, 20818 E, BT
I EFEFETHDB2,

FHEH S, MR ERT 2 v 4 4 >~ (midkine, MK)
OMIBZEM 3 2 2 BET L T &7, MK i, M
[ (72 ANy s —=) TRIICEES L~
28 s RET T, vF 4 VBT X B9
FHHC Lo THEBRRT 59, =7 A0FEREEVIHI
1, AR L Z OB THEETSRET 59, s,
FRAE LA A O BEHE S MR 22D o (= 7o & Pl SR #E 1A
FELTOMERZ LD EbERERTWVAEY, Tk
IEMAEET A MK #7 v P OETHRICHEAT S &,
KB R 2 PR - B S R 2 2 L, ZO%EE
bFGF 282 L b 5wl &,k K2 EELNTILICH
&Lk, HEXYACBVLTYH, HES v b EREFCE
TeElREHC X 2 A AA S LA D, IhE Tzl
RO~ 7 A OFEBEZNE R EERHE %R U o 13
7 <, MK OB RBESRERNZ vy bOAELT, =
JAZbLRHSWEZhELERNT2OREERL L
THEZI, T, ~7A2HRELTH/FLEEZ B,
Ty MCHDDEEBROFTREZEHEL -0 THET 2,

II XfRB L VHE

L& #

6O i~ 7 2 (BALB/C) % MBS (fE
i) oA L, BERENFEFIHNBYERMERIC B
WTEIREL 72, 1SHEBILL Ricb iz o T, 8 OERE (%
SEHTHERH, HEEE & 20 foot-candle ; 12 BRRE : BH/12 EBRRY :
W) TEELL. [BRBRFEEFREYESR T 24
HI| Ic¥U T, LTOERE{To -,

2, E8B H &

LY OLEIROME I MK %, RO T4 2 s
Bz, ThETn 0.5l #5 L7, MK i3, 5% L #
Bl MK O~z —%8EAL Tt 2 RH S8, 58K
WP SBEE0.84 ug/ul ELTHEZ, 2h e 03R4+
By (rFdo7—00) - EHBEX 2 (257
F—NO) 1k HBREET T, 324 — J# 2B THRIGHE

637

— M A L T T RRCEA L, Z0EBRICIRERE
E17- T, AEMEIEE - TETERHIM - FB0EE L %K
L& 3N Rr oLz, UTFTOEBEONRE L5
72BN DL, JICHHHT LB TH S,

LREOHTME 2T o /2 b &, WEONERE T T2 Qi
fFE L7z, Kz, 7THME, 14 HE, 221 HRlich
feo T, LECOBRS SR THEERAICEIRE L 220d & fi 2
Rt Tz, 20k S RS EEE, KEES A BT T,
4R R T ANLTINTER«25% NI —NTLFT
b FEREEER o CREREE L., 2L T, WIRO
HREREZEID T & FEH L 7=,

Tk, EE OB CHEELLEY (618, B X UH
YU % TH IR OB CRE LB (7T H
fil, 14 HiEl® 2 ik 21 HE, & 61C) 22w TsH, L
& [k D 171k TIRER 2k L 72,

3. fEMERIIRER

fith U 72 HRER % AR AR FLEA %3 2 PR A el L
7o, WA YT 7 4 vicaE Lch &, FHERE
o FHFRG E TEEE L7 5 pm O K 21K L
foo EEREBEATIFY « AV TYML, NPT
THEL .

Hgi G X 2 MR 4 2 MK O %)% % 5
i a2 RELLT, ABRBORES2HHLL. 0k
Iz, FEREILED S 5700 gm B L CTF A 700 gm
DM EHEEERE LIz, 2 LT, HEEHRE —Y I
A ryBa—SF—ANL, BREH Y 7 b (NIH
Image) % HT, HiH_ET 100 gm Z L2 6 23 THREHE
MEOES 2H%E Ui, MK #58E (EBRE) & #ERiE
e S Ol & ORIEIZ 2 W T, paired-t 7 A b
= THE L 7,

IIT %5 S

WK O NBREE CHIRE L /oS (WU, IEEE) Ll
T, W TFHERAOFILE 2174 2 THEE R EIS T
L BE i, SERESHARIICRTE L 72 S8 o 251k
otz GO &b > THEHET, #MEfn%E L
FHIBOZEIZIZEA EhoT:, 20O & D RN
Z1biE, IEFEICH 51 U MK 2#5 L TEWwi AR
(LUF, EBRER) B W T3, MBEmE 25 L TBWw
AR (AT, SHEERE) H 4 % &, A5 N SRR
EBThoiz.

1, &t 7 BRIFERES

SHERE (MK JESHR, n=6) 25\ T, S
TR O 4L A3 EGRE U fz, SRR 1% 7~ 9 [E o
THE SNBSS 2R 0L, $hbb, BHONEET
fE L 72EE (EEE) TR1I~12EoTHkan?
DEHEBLT, bbbl Tunl, Z0OEE,
FEL ZDERHENSE T OO R |3 s &« i+ 2 g T, A
WEOEIZEFROZFNLERUCTH-2 (H1, 3JA).



638

RPE

o : |
edik g; ‘% ¥ h:f P -

1 Eft 7 BEOARS C & 21EMEaZEE (Balb/

EEEEE (MK #5011, n=6) icB W Tid, B
BT, SRR ORHE LR TH - T, SHERE

CB&VIR) &Iy Fh1 OB TFHFEAZLS
PHAE - SEIEZHR.

A, IEHHR : B OCEREE (B9 12 WefH/H - 12 5
f) CHZE. SMERIE I 10~12 o TRk s T
v»%,RPE : fEsk BR7 5 OS @ R#HpahEi ;IS :
AL NET © ONL : #H4EkifE, B, IEEE (MRREE
WA | BEEEE AHTRCEA LD E, T
HRE Iz b7z o TEFLAICOEEEE U 2 hs & fig, g
RaAheii R L, AR T~ 9 B EE 2R U
TWwa, aF LAk E B E T 2w, C £
sy FHA>HEA) D (B) ERAL <7 2OHIR
OWMTHICIEIy Fa4r2EA LD E, 7THM
W2tz o THUEE I IS U e s & fa 3, fLRe st
filivk, TEHIRELET 2 00T 2HAZ 45
B, SBT3 2 b o TRy, WNENiCi
B, AHERIE IR 10 Bog Tk A h, FE
REIZIZFAERTH S, /v—IF 20 gm

HiR4EE 99% 65

ODEXREFREELEbYMNEL-T (K1,3A),

2. T 14 BRILESS

MR (n=9) IcBWTiX, RAEEELZZLLER
Lz, $bb, SEEHEL, NER»ZDEET
b DDRABENE Ui fe, SHERIE L 3~ 5 MO TH
gahtwiz (2A, 3B),

EEFE (n=9) 2BV T, HHOSE & N L,
FRENERE L. LbL, EBRLEBETEREL Tui,
HEREIE T~ o THE s hTwz (M2B, 3
B).

3. Ef 21 BRAEERS

SHEEE (n=6) BV TR, RHEROAEOH%Z 6T
NEi LML LT, SERER, 2bOTHE->T, b
T l~2BoETHkasnt (2C, 30). 2D&
5 hEEOZ IR, BT T U TyYRKT
Hotz.,

EERE (n=6) B W T, HMlashE s Uiz,
WETEERE L Tz, ARG EER L KT 2 L&
LS LID, BB3~5@OKTHEREAL TV
(2D, 3C).

4, NEHEOE &

EEo & S B s n i, HEEACEENC X 5 H
e MK 1z & 5 BHLIE « BEESHR % 5l 4 2 72 o A
WRORS £ RE LT, B3, EXE, WERS XU
KB TOWUERRETT,

R 7 O EE TR, MEHETRIEETEOMN 2/3
KA LT, EBRETRIEERLENT o7 (K3
A).

T 14 AROYERSTIE, MEBETIEEEROR 1/2
WA LT, ERBETRIEERLID LT LENS
W Lo, NEHLERT S EERCKERES %
FoTwi: (M3B).

s 21 HEONEE T, MEETIIEREOR 1/6
WA LT, EERMTERIERHEON1/2 L& L (R
MLtz0s, SEEELE T2 EAERBICKERES 2F-
Txafe (B 3C).

IV # i

EEROFREE, EFHOEEN I X 2 O~ 7 A ORBEE
ML T, MK 8358815 RER 2O 2RLT
w3, Thbb, JHENTHEORILOL L TR
Bffic bz > THEFHE R 5 &, {EHiOHmME"THIS T
W3 k9, WBEHARICARE L RIS A L
fz. 20X 9 BHEEEESEBTICHL C L HERTOH
Br— Ltz L2388, MK #5650 UoETAcH
ALTHEC &, HlEE3EE B Lz, B
V&, HEAEDUIRT (7 ) OYeEEERIE E A R L,
R (21 HRED) w5 L EMROBRE 280 & id e
29, thThbaBsillEshRERERLE. ZORRRI,



VR T4 6 H10H 2y Pl A DN MR F « FEA(h 639

Bl2 Ei#E 14 B E 7213 21 BRIAERSHC £ 2REREX Balb/C ABYIR) O3 v FHA vicL 30
ik < EBIEEHE
A, NHEHR (BERERRMTIEA) | MRREEE AT TR ICEA L ® &, 14 Hficb i - THE I EBE L
At SRR, MREAEIEEAL Tva, NELBEENEL L, BRI ~5BIrEsLTwus, M
FEEICERR 2, RPE @ MIEHE LR OS @ SISHasE ; 1S © B4k ; ONL : 4 EikiE. B.
KRR (S v FA4 YEA) 1 (A) LR ADOBROMFHCI v FH A4 VR EALLHE, 14 HE
b7z o THEBRATOLIRE Uk st o fl g, SMRASIREREL, NE LA TS, SRR EILE S &4
5, T~9EOBTHEIN TS, O FAHIECZRE 20w, C, MR (BEEEEkmA) © &
BRI 2 T ARICHEA L7 b &, 21 HREIZ b 72 - THEHICERE L 208 o i, EMlo s = A
HEBIHAL TS, HBREIZEECHE 2->T, bFPR1I~2BOETERILTwE, BEE
Rz 3RExEHRv, D, EBRIR (29 FAA4YEA) Q) LRILYY ZAOMROMTFAIC I v FA A >
TEALLHE, 21 Hicbi - GEEMICEIBE U hi o i, STHBMENIENE L Ty 248, A
BeAr 4 2. SMERIE 2% DM 2o T A28, RHEER & T AUEE S 28 T 3~ 5 B0 Tl &
NTw3, AFRLFCEEFERLLV, 29—1F 20 gm

Sprague-Dawley 7 v b % W TiTh Lt EE o FEES
E—H L7, Thbb, MKIiZ, v 7AELTv hEnd
ZOOHYIREICIEL T, i & 2 MRS 2 BB
LDVIBIES B AEE D LRI N,

BHfaZ v b EAB~Y 2B 2 REEEN DK &
3, BEDREALIT 205, MM TAHAZ EHShEERM
Hb, Thbb, 79 b TCER—BCEROETL Y A
IDLAHTH S, v A TREMN T OREEH R,
2o, ThAEThOBEIIH/:>TH, BFEIEKELTE
HRCRERS 2 D ZHETH 2 F 2L, SEOEER
TXH R E L7z BALB/C < A To 21 HHREE#EE X mEat
ko THRAET 5B, Sprague-Dawley 7 v h D
i 7 HELESEESY L IZIZRA% Ch o7, ZD L 3,
Zy b T A LOMT, H5VREAICEORHEOR T,
HHRZTE OBERFERIC T DL TS bAERANL S
n, EEOHMIEYFIRFEIE TR S, Lan

THZbHEY, HERERTRHA b4 35y b
OBEMEL B L 2 @I MR 55 LT
M, ¥ U AOWBEEMN N 2GR, MK i3,
7y P BEUY Y ADONMBRENCEH TH->7-:D T,
FIFH A T2 O T MK ORE %2 J~, fERes
MO & MK OBSE 28+ 2 0 E N H 5,

MK, vF /4 YBics-> TRENFZEE IS L0
SRR LB, METOBRMRBESHERS ATV 24l
BREEFTH2, v7./ 4 VBiZ, ©4 3> A ORSH
EYT, sz Fhifaont-kEL Y cls5d 2,
VFIA VEBEEEART 2 ) M- 22—
fa - EEER L EMEICREST 299, vy 1 v BO
MR COEBRERZHEO MR > L i v A nDs, #
B3R E AR ORETE 2 ME L7z D, SRR T
EORECHES T2 ENTRINLTHLEMY, L3y
AVYBIZLIS>THEREINEMEK BT AR Ty b DF



640

A 50
40 b 1 *
4
A 30 + %
&
5 %
g oo /
( pem) /
10 /
O 1 k. % 1
CycL 1W CL 1W PBS TW MK
N=6 6 6 6
B so.
# 40 I
i
& 30 | * %
@D
B
E 20+
Lam)
10 F
O 1
Cycl 2W MK
N=6 9
BEEZEVE A BHAE » BIE T 2 2 BT 2200, 2
O LS hEERERRESRLOD, MBI VF /A
O S BABREORS A D 5 2 J:fﬁdb?’)&’(’%%').

ffe T, EEEOWMBEZEE#Y R ET, MK2AED LD
BRI AR T, VI REIC OV T LRETT 2 EES
HDLHIZAHD,
WroE D isHi S EFOMD £ DT,
Wi o KERHEBR I L £,
AMgeid IR A BIET e (—ERTIE B 06454499, —if
9 CO06671770) 5 L UFIEE A 780 i 5 AR MBI A% IS S A el A8

% DM THE

WrEEE I & A HiBN & i TiTh i,
X ®
1) Faktorovich EG, Steinberg RH, Yasumura D,
Matthes MT, LaVail MM : Photoreceptor

dystrophy
delayed by basic fibroblast growth factor. Nature
347 : 83—86, 1989.

degeneration in inherited retinal

HERs=5E 9% 65
C sor
40 r I
ot
i
& 30 1
@D
Ty %
L pm) T
10 F
0 1 i L %
CycL 3WCL 3W PBS 3W MK
N=6 6 8 5]

3 EEARE, ERABHEOMBEBELUI Y

2)

Fh4 > (MK) EARICS T 2EHENE S,
A, 7 HREFCESOEREOE =, CycL © i

30N IREE (12 WS 12 RERSAE) TR 1 W
CL : #RALE T 7 FIREEEDLIRS 1 W PBS © gl

S AR TR EA LT, 7 B 1
W MK : MK ZfFH#cEALT, 71 II“'IL%'C%W’
i, ﬁﬁri‘%"—t‘ﬂ %, BRI rﬁfm**‘&r
BamT, *ip<0.05 **:1p<0.01. B, 14 lllﬁh@
,L;L‘lﬁéfawwrﬂv o s, Cycl :J@:‘F;dx‘ﬁ:ﬂ'tii’.z

(12 RS0 @ 12 BeREIRS) Cfd# ;2 W CL: JE4LE
T 14 HSEECEE 2 W PBS ¢ B i 2 i
FRcHEAL T, 14 HEESDCHES 2W MK:
MK %o A LT, 14 HEbE ;L;Uh’z}l L
VA, MR EEREEART, n R ER
+, ** 1 p<0.01, *** : p<0.001. C. 21 H e
BT SRR O JE & | CycL @ dlH OB (12
REIRH © 12 EERES) CfalsE 3 W CL @ SELE T 21 H
MG RS 5 3 W PBS il R A % T T 1
HALT, 21 HEhEE LS 3 W MK : MK %4
A A LT, 14 FIERER R, B,
sl T EE AR T, nlIREET T, " ip<
0.05, ***:p<0.00L

= S

LaVail MM, Unoki K, Yasumura D, Matthes
MT, Yancopoulos GD, Steinberg RH:  Multiple
growth factors, cytokines and neurotrophins res-
cue photoreceptors from the damaging effects of
constant light. Proc Natl Acad Sci USA 89: 11249
-11253, 1992.
Otto D, Frotsher M, Unsicker K:
blast growth factor and nerve growth factor ad-

Basic fibro-

ministered in gel foam rescue medial septal neu-
rons after fimbria fornix transection. ] Neurosci
Res 22 : 83—91, 1989.

Hyman C, Hofer M, Barde YA, Juhasz M,
Yancopoulos GD, Squint SP, et al: BDNF is a
neurotrophic factor for dopaminergic neurons of
the substantia nigra. Nature 350 : 230—232, 1991.
Kadomatsu K, Tomomura M, Muramatsu T:
c¢DNA cloning and sequencing of a new gene
intensely expressed in early differentiation stages
and in mid-

of embrvonal carcinoma cells



AR 746 H10H

7

8)

10)

11)

gestation period of mouse embryogenesis. Bio-
chem Biophys Res Commun 151 : 1312—1318, 1988.
Kadomatsu K, Huang RP, Suganuma T, Murata
F, Muramatsu T: A retinoic acid responsive
gene MK found in the teratocarcinoma system is
expressed in spatially and temporally controlled
manner during mouse embryogenesis. J Cell Biol
110 : 607—616, 1990.

Muramatsu H, Muramatsu T: Purification of
recombinant midkine and examination of its bio-
logical activities : Functional comparison of new
heparin binding factors. Biochem Biophys Res
Commun 177 : 652—658, 1991.

Unoki K, Ohba N, Arimura H, Muramatsu H,
Muramatsu T: Rescue of photoreceptors from
the damaging effects of constant light by midkine,
a retinoic acid-responsive gene product. Invest
Ophthalmol Vis Sci 35 : 4063—4068, 1994.

Noell WK, Walker VS, Kang BS, Berman S:
Retinal damage by light in rats. Invest Ophthal-
mol 5: 450—473, 1966.

Kuwabara T, Gorn RA: Retinal damage by
visible light. Arch Ophthalmol 79 : 69—78, 1968.
LaVail MM, Gorrin GM, Repaci MA, Yasumura
D: Light-induced retinal degeneration in albino
mice and rat: Strain and species differences. In:
La Vail MM, et al (Eds): Degenerative Retinal
Disorders: Clinical and Laboratory Investiga-
tions. Alan R Liss, New York, 439—454, 1987.

12)

13)

14)

15)

16)

17)

18)

Ty FAA Y ONHRE MR R - S 641

LaVail MM, Gorrin GM, Repaci MA: Strain
differences in sensitivity to light induced photo-
receptor degeneration in albino mice. Cur Eye Res
6. 825—834, 1987.

Noell WK : Possible mechanisms of photorecep-
tor damage by light in mammalian eyes. Vision
Res 20: 1163—1170, 1980.

Dowling JE, Wald G: The biological function
of vitamin A acid. Proc Natl Acad of Sci USA 46:
587—608, 1960.

Gaur VP, De Leeuw AM, Milam AH, Saari JC:
Localization of cellular retinoic acid-binding pro-
tein to amacrine cells of rat retina. Exp Eye Res
50: 505—511, 1990.

Edwards RB, Adler AJ, Dev S, Claycomb RC:
Synthesis of retinoic acid from retinol by cultured
rabbit Muller cells. Exp Eve Res 54 : 481—490,
1992.

Doyle JW, Dowgiert RK, Buzney SM: Factors
modulating the effect of retinoids on cultures
retina pigment epithelial cell proliferation. Curr
Eye Res 11: 753—765, 1992.

Araiz JJI, Refojo MF, Arroyo MH, Feong FL,
Albert DM, Tolentino FI: Antiproliferative
effect of retinoic acid in intravitreous silicone oil
in an animal model of proliferative vitreo-
retinopathy. Invest Ophthalmol Vis Sci 34 : 522—
530, 1993.




