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Abstract

To evaluate spontaneous development of the ocular
fundus abnormalities associated with collagen dis-
ease, we investigated the ocular fundus lesions in sys-
temic lupus erythematosus (SLE) models. (NZWX
BXSB) F1 mice were employed as SLE models with
antiphospholipid syndrome. The abnormal findings in
the ocular fundus were recorded with a fundus cam-
era for small animals (KOWA Co., Ltd.), and the cho-
rioretinal lesions were studied histopathologically. As
in the systemic symptoms of SLE, the incidence of ocu-
lar fundus abnormalities in these (NZWXBXSB) F1
mice was significantly higher in males than in fe-
males, suggesting the influence of the Yaa (Y
chromosome-linked autoimmune acceleration)
gene. Lesions in the fundus appeared in the form of
white spots, which increased in number along with the
course of the disease. The lesion developed into reti-
nal detachment in some animals. Dilatation of veins
and narrowing of arteries were marked. These le-
sions were very similar to multifocal posterior pig-

ment epitheliopathy (MPPE) in humans in that white
spots appear first and then develop into exudative
retinal detachment caused by retinal pigment epithe-
lial disorder. Histopathological findings included (I
structural destruction of the photoreceptor cell layer,
(@) degeneration and loss of the retinal pigment epi-
thelium, and 3 narrowing and occulusion of the cho-
riocapillaris associated with thrombus formation, cel-
lular infiltration into the surrounding tissues, and
wall thickening of the choroidal arterioles. The study
of these SLE mouse model may contribute to the eluci-
dation of abnormalities in the fundus associated with
collagen diseases, including the relationship between
thrombus formation and antiphospholipid syndrome.
(J Jpn Ophthalmol Soc 102 : 8 14, 1998)

Key words : Systemic lupus erythematosus (SLE),
(NZWXBXSB) F1 mice, Ocular fundus
lesions, White spots, Yaa gene

BIRIAE R © 113 REERCH X AR 3—1—3  MEREAFEFBIRF AR PH Fk

CERE 9 4E 4 H 15 HAZ A, PR 94 7 A 30 H gl =8
Reprint requests to:  Atsuo Nakamura, M.D.
3-1-3 Hongo, Bunkyo-ku, Tokyo 113, Japan

Department of Ophthalmology, Juntendo University School of Medicine.

(Received April 15, 1997 and accepted in revised form July 30, 1997)



T 10481 H 10 11

I ¥ &

TOMET) T b —F A (SLE) (ZE2 )%, 0, P, O
k., (5T, HEME, PR AlRR 2 & IR A B i L, 2 AR
ERTDLILTHH SNESHESA T 2. & 0HE
LERTH LA, MM |, /0I5 1 Rz,
VTR AEIR B, MENE A I, MY g5 e © R ML 3 5
#4 15 4 (lupus retinopathy) O A L <O T W
LU L L il Tl SLE BUE O % 56 4 Sh e s o
# L BAEMPPE)" 2SS hTwa. 4, & 4 1L
SLEEFNVMARTH D, 4V » AR EE% S
(NZW xBXSB)F 1 = 7 2 % Jj] v T #A IG5 25 o A7 I
Tk, oL sk L, ZOWMEL R L 22 B0 S IREL
RAEEIEIL, BEA L 24 ) ¥ U Bk (aCL) IcftE SR D
0 > W U P C B MR, 1 261 AR A 7 &
OEEERAERZ ST 28R E LT ShTung o,
SLE &I N6 ik Emsgicmiish, v—7
APUEER K F- (LA 2 6 ~52%, i H v 274 ) ¥ Hifk
EH40~60%ICMIE SN2 L oHE" 4 D, SLE ®20%
WAIEBEEOGHEAH D E bR TVaY, X512, 20
PO > WG PLHUAR DS AR A MG 2 5B 56 L, 0912 IS ik
DEE L XD EAVRIE ST w1,

SLE £ 7 V=7 Z 13, 19594F Bielschowsky & 12 & 9
HOKEBEoETFT L < A L LT New Zealand Black
(NZB) = 7 A DMl 7. 2 T LK™, SLE D95 5 &
LTEBEMRSNTEL REMASLER Y ALLT
L<HILRTVSH DI, (NZBXNZW)F 12, MRL/
Ipr® ™ BXSB"' =7 Z 5% ¥ 5, SLE OFHED S R
DA DIEE LR L TOLBIEEROENIZ L - T
LAHZEFBSMIEINTHD, &, Fe v 23l L 7
(NZW x BXSB) F 1 =7 Z XML/ A, ks,
AN F )Y APEDHRIMBLL, b — T AR
B 2 B IS G 0F 3 220 & 22, S5 560k /AR 2 1
BHRATP)OEFL Y7 AP LTHIHEH STV A,

I % Bk 75

SLE ®7FNh=9 AL LT(NZWXxBXSB)F1~ R
40V, HE34PT & JHvy, & 72, A= A & LT SLE 4E®
e B0 M~ 7 Z560C% i L7, 3 K1) > PY(& 5
H) R, IS Z 2 KOWA #H8/NBBHEH £ 5
VxRV AERMGHLTREMICIERFELE. 248
FIR O b FERFAY 12 52 3 L (Knight & Adams i)™,
HAE (B EE 1 g/dl LA ) 127 o 72 05 T E0PE 3 4 (i
HEBLFTI:AEHT) , HRER & W0 % 5 e 0 B2 % 3 10 L 72, 9
MR B E LCRERIZ2.5% Z vy — LT L7
B F+10% KV~ Y iEH(PHT. 2) T, £ 72, BiKIZ10%
TN CERTHMEL B, ST 70 AL, ATk
F )y Y YHE) Y B L U periodic acid
Schiff (PAS) %«t0 % §i 47 L 7.

I & *

WS 355 (3, SLE I E D 3w F 1 HETZ40PEr 4 A ]
T 6 UL, 54 H#iTIONE, 6 20 /] #T13IK, 7 »HEk T
1SPELZ 8 & 72, SLE JERED IR F 1 #ETid34PC ] 4
PH~7T2PARMICESZETIRICILAED N D -
fo. THUZLIE L, B10 MEXS B~ 7 A56PC Tl H #1041 12
BUTLIRERFIIED SN h - ' HETILLF
HEIX F 1 MECCIE~T 6 20 H i AR T A7 85 1S IR 5245 1 8L
AN A 72 (p<0,001) (1% 1), Bl LT L & 1
T, BIO M~ 7 A EFIRECE (K 2 A) & TR
R 2y F 1HECIZMIR SR 508 35 X O8Ik o $4
LA T, $E FIZABEATHIBL L (I 2 B), # O B
MM OREBE LD ICB KX S, #iPHE b ISHIA L (1M 2
C. D), 255, BlEMENEEZ CHEET 2L, 2D
Sz (1 4 A). Z OMNRA B PRI I, 115 L
(M3 A,B) &I LT, #MBOR R 35 X OSH 0 e 7 15 -
OB AT TE 0, (0 LA -2 - 22
fafbL T 2. 72, IREEIETATINAYT D85 5 & O pH#L
i~ 0 e 2 1, TR S B IR 2 Rk TR A3 3800 & 7= (1
3C, D). HYBERIHE % 21 U 7= BT, KA I 4 L <
ARARERIENZ A RS L, M5 F IS B IE o I 258 L (11
4A). 7, oM LAY, FIM L, 2ol
T ONRKE I THIMAS A PZE L, 2 5102, Bl L 72 IRk s
R ORS00 S 72 (14 4 B) . Z D #50 PAS 3o
FETIINRAS I EAN AT 3 26 L, s I 12 & 2 f 8 IR
MIEDFRAEA Y L FHC X D NI O RS L 4 T 2
(K4C D).

7z, D, B A LIRS S W A B W R
vy A (HE 3 VT, M 3V0) 12K LT Mgk mmEeiio
L F 1M~ AT, 72l 3 VL 4650 L2 k21

40

35

30
W 25 ®
b}
=20

%15 [ ]

5 ]

L J L L 2 *-
OFM—@f T8 ——fh A A A A
0 ] 2 3 4 5 6 7
A®l (B)

H1 REMEFZEOHBESE-FEM.
* D F 1 HEw AL F 1M~ A28 T 6 5 H B LU,
YO THEICHBED A 5 72 (p< 0.001).
®: (NZWxBXSB)F1 & (40pL)
®: (NZWxBXSB)F1 £ (34JT)
A BI10 2 (560L)




10

HER<RE 102% 1%

2
A IEE B10 M~y ARREE 104 His). B (NZW ><B\SH F 1M~y AR (4 20 H i) . Sk o %ok
- TR O S MIALASE W] T, JEIEE T 2 I BEAS %M; LTwh. C: (NZW xBXSB)F 1 Ht~ w7 AHREC (4 A H ).
W F I ROEELR 20 5. D1 (NZW<BXSB)F 1 #i~r A MUK (5 2 A . #IE FI2EZBoRiz o
5.

iz 5‘*1 HrEbhhol. ZIZH L, Fl1#ies AT, W7z E AR IR, M3 4 2 H T 75%(30/40), 6
A H o 3 L 2 PLiz, R oo Wi i MR B) ik o> B A5 A HET 90%(36 40) , 1T 4 P H#T0%(0 '34), 6 %
TR B »'h Luizﬁmtvﬁ‘ (0= ol R e € H#T8.8%(3 3)Th-72. T2, IRERED I bk
(i) l/f\IL’C“JJ L REELRTLIOE LT, EURBPED S D, HElx 4 2 AT 83.3%(5 6), 67
RO I B LTI ME I X ) RN E PRI L, H#<100%(13/13), Tzt LTl 4, 6 Hilme&
ZOWEIZL Y EETH Y, FRERE IR TEZA S L0%TdHho7z(E1)
M 2T S ER AR L B o ) % £ 5 wire-loop lesion % 52

=3
AB: EAEaee  BIOME~ Y 2 (4 H#),C.D: (NZWXBXSB)F1l~v 7 A (472 Hilg). /3771 >d
oA FE L) YT d Y (HE) Hett, B VI % 52, a3 E R AT D I % - 224 (WAL - 254860) 705 A
5 A . MRES B EANINAS AP 28 LERIE o 280l A3 A H i 5.

B4 WBEHE (NZWXBXSB)F1 ﬁvrbx(m\ﬁlﬁ%).
A 25T T 4 YAl - HE defh, ML 43 LRSI (2 fh a8 L, S8R T3 Ef&@lﬁ"?lfﬁ“i"Lw
557 4 24U - HE Yefh, @ LIMBATAYE - HIBEL, 2O ra)mmuﬁ uﬂmm MELTVS. &5
B L - MBROesE S % Lws, C,D 235 7 4 YAl - periodic acid Schiff (PAS) Heff. JRA# i Tjﬂilﬂl H
OB9EF X ONRAS B B R P9 IRE O s/ E AR5 .



ERE104E1H 10 H SLE % 7 Z ONUEHHE - il

R ygee s or
E’ﬁggﬁ"&’%{%

(A H o




*£1 ERRLBREREORE
(NZW x BXSB)
REIRINEE KR (+) o9 BEFUR (+)
4M B 75%(30/40 PC) 83.3% (5/6 L)
[ 0% (0/34) 0%

6M M 90% (36,40 L) 100% (13/13 JE)
mﬁ 8.8% (3/34) 0%

A

SLE D45, iWEIMO TER LI LETHAH. 2D
MO =D 24 DET IV 7 AT iafEd A %
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i, BRI Dk S iy g, by > BRE DUk
FEEERE ) M ER R L EZz6RA. E FSLET
MPPE %/ L 726 Tlddt ) > IREHRO A5 MEATH 5
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OO EMT A b0 Bbhs, 43S 612,
FOBIRES S R b X OSUEHLRR AR 2 I 2 TR
Lz,

Fas#e 2 28720, SRR, AL 2 b 0 F L 72 0K
ORISR R S R L ET E
WP RN B B T e B TBh S & T A B R
IEFRR RS S M I RS o L E 5. 4 b, A
LOEFIZHEI00mE H ARMRFFaRaTREL .

NG Pk
1) EAAE, MIE £ &L UER AR (SLE) O Il
B, EIR  25:1841—1846, 1971.
2) B &, hHTE, ST  BEE O IRGEIR—Z
L B PSRRI (SLE) (22 W TC. IREE 10:589—
594, 1968,



TR 104E 1 10 H

3)

4)

6)

7)

8)

9)

10)

11)

12)

13)

14)

16)

17)

18)

19)

20)

21)

Gold DH, Morris DA, Henkind P : Ocular findings
in systemic lupus erythematosus. Br | Ophthalmol
56 : 800—804, 1972.

Copperto J, Lessels S: Retinopathy in systemic lu-
pus erythematosus. Arch Ophthalmol 95: 794797,
1977.

Wong K, Ai E, Jones JV, Young D: Visual loss as
the initial symptom of systemic lupus erythemato-
sus, Am ] Ophthalmol 92:238—244, 1981.
SREF AHEESE, THRE BLBTF, S5
F :SLE ORI, 1A 37:389— 399, 1986.
Rk 4% 5= F—F A (SLE) & 41
fiE. REF 30:1161—1166, 1988.

Matsuo T, Nakayama T, Koyama T, Matsuo N:
Multifocal pigment epitherial damages with serous
retinal detachment in systemic lupus erythemato-
sus. Ophthalmologica 195:97—102, 1987,
HNER ZEEHBERA, HBF SLEZS
fift U 72 g AK He B2 20 e oo 1910, WAL 38:790 —797,
1987.

Jabs DA, Hanneken AM, Schachat AP, Fine SL:
Choroidopathy in systemic lupus erythematosus.
Arch Ophthalmol 106: 230-—234, 1988.

SRR, K| F, HIREEED - NIk M A o 7
IR 5 0% BRI 5 0> SLE @ LRE W1, R4 40: 1081—
1085, 1989.

NOsER, Bf & F, L#MILX, A8 H,L#E B,
R gty 72 b—F A (SLE) 205 L
7o e R SR L AE 1. ) e F 30:396
—402, 1990.

ISARMERES, BB IE, \KMFF: o) 7
b — 7 A (SLE) 298 U 7= M MEtt 4 1 He i @ 2 {5,
HREE 86 : 24922495, 1992.
HERD,SBE_NE X B5FMB. L—7
A I OF U 72 % FEVE He bt M8 052 s 32 1 142 i o0 )
. [EEHR 48 :1757—1763. 1994.

Harris EN, Gharavi AE, Hughes GRYV : Antiphos-
pholipid antibodies. Clin Rheumatol Dis 11:591—
609, 1985.

Hughes GRYV, Harris NN, Gharavi AE : The anti-
cardiolipin syndrome. ] Rheumatol 13:486—489,
1986.

WAE— L) > MR UM 0% 8. Medical Prac-
tice 11;73—75, 1994

MR #, AFEAS: SLE &Y > BG4 o B
EEDH @A 176 300—304 1996.

Bielshowsky M, Helyer BJ, Howie JB : Spontane-
ous haemolytic anemia in mice of the NZB/BL
strain. Proc Univ Otago Med Sch 37:9—11, 1959.
Helyer BJ, Howie JB:Renal disease associated
with positive lupus erythematosus tests in a cross-
bred strain of mice. Nature 197 : 197, 1963.

Howie JB, Helyer BJ: The immunology and pa-
thology of NZB mice. Adv Immunol 9:215—266,
1968.

SLE = % Z DI HE % -

22)

24)

25)

27)

28)

30)

31)

32)

33)

bl 13

Braverman IM:Study of autoimmune disease in
New Zealand mice. [. Genetic features and natural
history of NZB, NZY, and NZW strains and NZB,
NZW hybrids. J Invest Dermatol 50:483—499,
1968.

Chused TM, Moutsopoulos HM, Sharrow SO,
Hansen CT, Morse HC : Mechanism of autoimmune
disease in New Zealand Blach mice. In: Rose NR, et
al (Eds): Genetic Control of Autoimmune Disease.
New York, North-Holland, Elsevier, 177—191, 1978,
Shirai T, Hirose S, Okada T, Nishimura H : Immu-
nology and immunopathology of the autoimmune
disease of NZB and related mouse strains. In: Ri-
hova B, et al (Eds):Immunological Disorders in
Mice : CRC Press, Boca Raton, FL:95—136, 1991.
Murphy ED : Lyvmphoproliferation (Ipr) and Other
Single-Locus Models for Murine Lupus. In: Gershu-
win ME, et al (Eds) : Immunologic Defects in Labora-
tory Animals 2, New York, Prenum:1143—173,
1981.

Izui S, Kelley VE, Masuda K, Yoshida H, Roths
JB, Murphy ED : Induction of various autoantibod-
ies by mutant gene lpr in several strains of mice.
J Immunol 133:227—233, 1984.

Murphy ED, Roths JB:Autoimmunity and lym-
phoproliferation ; induction by mutant gene lpr, and
acceleration by a male-associated factor in strain
BXSB mice. In: Rose NR, et al (Eds): Genetic Con-
trol of Autoimmune Disease. Elsevier, North Hol-
land/New York, 207—221, 1987.

Oyaizu N, Yasumizu R, Miyama-Inaba M, Nomura
S, Yoshida H, Miyawaki S, et al : (NZW x BXSB) F1
mouse. A new animal model of idiopathic thrombo-
cytopenic purpura. ] Exp Med 167:2017—2022,
1988,

Hashimoto Y, Kawamura M, Ichikawa K, Suzuki
T, Sumida T, Yoshida S : Anticardiolipin antibodies
in NZW X BXSB F1 mice. A model of antiphospho-
lipid syndrome. ] Immunol 149: 10631068, 1992.
Hang LM, Izui S, Dixon FJ : (NZW % BXSB) F1 hy-
brid. A model of acute lupus and coronary vascular
disease with myocardial infarction. ] Exp Med
154:216—221, 1981.

Yoshida H, Fujiwara H, Fujiwara T, lkehara S,
Hamashima Y : Quantative analysis of myocardial
infarction in (NZW X BXSB) F1 hybrid mice with
systemic lupus erythematosus and small coronary
artery disease, Am ] Pathol 129 :477—485, 1987.
Knight JG, Adams DD, Purves HD: The genetic
contribution of the NZW mouse to the renal disease
of the NZBXNZW hybrid. Clin Exp Immunol 28 :
352—358, 1977.

Andrews BS, Eisenberg RA, Theofilopoulos AN,
Izui S, Wilson CB, McConahey PJ, et al: Spontane-
ous murine lupus-like syndromes. Clinical and im-



34)

35)

36)

37)

38)

39)

40)

munopathological manifestations in several strains.
J Exp Med 148:1198—1215, 1978.

Izui S, Masuda K, Yoshida H: Acute SLE in F1 hy-
brids between SB/Le and NZW mice : Prominently
enhanced formation of gp 70 immune complexes by
a Y chromosome-associated factor from SB/Le
mice. ] Immunol 132:701—704, 1984.

Izui S, Higaki M, Morrow D, Merino R:The Y
chromosome from autoimmune BXSB/Mp] mice in-
duces a lupus-like syndrome in (NZW X C57BL/6) I
1 male mice, but not in C57BL/6male mice. Eur ]
Immunol 18:911—915, 1988.

Merino R, Fossati L, Lacour M, Lemoine R, Hi-
gaki M, Izui S: H-2 linked control of the Yaa gene-
induced acceleration of lupus-like autoimmune dis-
ease in BXSB mice. Eur ] Immunol 22 :295—299,
1992.

Kawano H, Abe M, Zhang D, Fujimori M, Hirose
S, Shirai T : Heterozygosity of the major histocom-
patibility complex controls the autoimmune disease
in (NZW x BXSB) F1 Mice. Clin Immunol Immuno-
pathol 65:308—314, 1992.

Hirose S, Ueda G, Nogchi K, Okada T, Sekigawa
I, Sato H, et al : Requirement of H-2 heterozygosity
for autoimmunity in (NZB X NZW) F1 hybrid mice.
Eur J Immunol 16:1631—1633, 1986.

Hirose S, Kinoshita K, Nozawa S, Nishimura H,
Shirai T :Effects of major histocompatibility com-
plex on autoimmune disease of H-2-congenic New
Zealand mice. Int Immunol 2:1091—1095, 1990.
Hirose S, Nagasawa R, Sekikawa I, Hamaoki M,
Ishida Y, Shirai T, et al: Enhancing effect of H-2

11)

42)

43)

44)

15)

46)

HIRZE 102% 1%

linked NZW gene(s) on the autoimmune traits of
(NZBXNZW)F1 mice. ] Exp Med158:228—233,
1983.

EEER, LRETF, AFR—  EB SR m
S O T BRI (52 i rh R e G A & A
el O PU U = T- B O A PE L2 2 v TR A B 4
EBR RN MR AT 2 WA HE 19834
REWFAE#3 | : 20—23, 1983

Diddie KR, Aronson AJ, Ernest JT : Chorioretino-
pathy in a case of systemic lupus erythematosus.
Trans Am Ophthalmol Soc vol. LXXV, 1977.

Pulido JS, Ward LM, Fishman GA, Goodwin JA,
Froelich CJ, Sanghvi JP: Antiphospholipid anti-
bodies associated with retinal vascular disease. Ret-
ina 7:215—218, 1987.

Kleiner RC, Najarian LV, Schatten S, Jabs DA,
Patz A, Kaplan HJ: Vaso-occulusive retinopathy
associated with anti-phospholipid antibodies ( lupus
anticoagulant retinopathy). Ophthalmology 96 : 896
—904, 1989.

Asherson RA, Merry P, Acheson JF, Harris EN,
Hughes GRYV : Antiphospholipid antibodies: A risk
factor for occulusive ocular vascular disease in sys-
temic lupus erythematosus and the ‘primary’ an-
tiphospholipid syndrome. Ann Rheum Dis 48: 358
—361, 1989.

Snyers B, Lambert M, Hardy JP : Retinal and cho-
roidal vaso-occlusive disease in systemic lupus
erythematosus associated with antiphospholipid an-
tibodies. Retina 10 : 255—260, 1990.




