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Fig. 1 Fundus photography of affected monkey at TPRC

Left Right

Fig. 2 Fundus photograph of affected monkey showing accumulation of drusen in macula of
both eyes

which develop drusen after 15 years of birth. Drusen components of these sporadically
found affected monkeys were compared with human and TPRC monkeys by
immunohistochemistry and proteomic analysis using ion spray mass spectrometer.
Significant finding was that drusen contained protein molecules that mediate
inflammatory and immune processes. These include immunoglobulins, components
of complement pathway, and modulators for complement activation (e.g., vitronectin,
clusterin, membrane cofactor protein, and complement receptor-1), molecules
involved in the acute-phase response to inflammation (e.g., amyloid P component,
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Retina <

Drusen

Retinal Pigment Epithelial Cell
Bruch’s Membrane

Fig. 3 Retinal histological section of affected monkey showing the accumulation of drusen

ou1-antitrypsin, and apolipoprotein E), major histocompatibility complex class II
antigens, and HLA-DR antigens (Umeda et al. 2005a, b). Cellular components have
also been identified in drusen, including RPE debris, lipofuscin, and melanin, as well
as processes of choroidal dendritic cells, which contribute to the inflammatory
response. The presence of immunoreactive proteins and oxidative modified proteins
implicate both oxidation and immune functions in the pathogenesis of affected
monkeys.

4 Suppression and Reversal of Drusen Formation
by Compstatin

To test the effect of long term suppression of complement activation in the retina,
an cyclic analogue (Ac-I[CV(1MeW)QDWGAHRC]T-NH2) of the small cyclic
synthetic peptide compstatin (Katragadda et al. 2006) was intravitreally injected
into eight affected monkeys at different dose and intervals. Four affected monkeys
were injected at 1 mg dose at 1 month interval while other four affected monkeys
at 50 pg dose at 1 week interval. Both 1 mg or 50 pg dose were dissolved in 100 pl
of saline solution, filtrated and intravitreally injected using 30G needle.
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Due to the unique molecular characteristic of compstatin, immediately after
injection, compstatin precipitate and form gel-like structure in the vitreous. This gel
will gradually dissolve and disappear after 6 months. Four monkeys injected with
1 mg for 3 months developed significant opacity to the point where fundus observa-
tion was impossible. These monkeys were halted for further injection. On the other

a Affected Monkey 1 (% 16 years old)

0 month N 12 month

Baseline

b Affected Monkey 2 (¢ 4 years old)

Baseline 9 month 12 month

Fig. 4 Suppression and reversal of drusen formation after 9 months of intravitreal injection of
50 pl compstatin at 1 week interval
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hand, vitreous of four monkeys with 50 pg dose were clear within 2 days. After 6
months of injection, we noticed diffusion of drusen in the macula and by 9 months
partial disappearance of drusen was observed in all four monkeys (Fig. 4). This
preliminary experiment has shown reversal of drusen formation by suppression of
complement activation. To explain this reversal phenomenon, which has not been
- observed in untreated affected monkeys, will require further experiments including
identification of disease cansing gene and pathway leading to complement activa-
tion. The information should benefit for development of improved drug and therapy
for future AMD prevention.

All experimental procedures for this primate study were approved by the Animal
Welfare and Animal Care Committee of the TRPC and the Experimental Animal
Committee of the National Tokyo Medical Center. The facilities are accredited by
the Association for Assessment and Accreditation of Laboratory Animal Care
International (AAALAC International). Monkeys were routinely examined for
physical and ophthalmic conditions by veterinarians and by ophthalmologists,
respectively. v
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ICHE L (HRARISVEETHFET 2 EMRIRNEaREFIEELHMUTH S, HHICHEDREICHFET
ZEMEPEMME SN 2 <, MEBEE G- THBIERIMBIRRBISE DI ZEICEY, BENFLUS > TV
3. IOWHREEEZ Y, MIHERBNLIEEEEESR, S{OEREBNRELL> T3S,

l F—-U—-FO BIR, =B R OB NESEREY FAVMERIAMOT 4 —
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AN, KSR, LT A% @R Lt
RRT 525 R E L2 M REN Y —ICHFE
FTHDIFTIERL, HBIICEFLTWD (H1A). ¥
BEDHF M IR IRV AR 2 B A 8L (cone)
PEPL, TOoTCRABIRAEEZZVREDORE
BRAEMIE (rod) 2EUY %<, WBURBICIZEE,
B, FRE, W ZUR L0 T EIREEDOHEN
by, FROBERIC Lo TRETAHD, TOLEHPTH
ARG ICERFOFVEEBEERSR (EESHERR)
& LTMEEBEZY: (age-related macular degenera-
tion) #&H%. KETEHRREHDFERE LTE LM
THY, BRTHRELREERILIC L o TEZHAHEM
LTW5b, MEEEEEIGEET, i, BE, AR,
FEXREEBOBERIC K 5 TRIET 5 = L ASESEH
FIZLoTHLMIINTEY, ZO10FEBICRER
FHWELICHLPIC o TEZ. 612, EHOLEYE
fEE LTIRVERICEE R T WA MEE5E, &

FERFICDIE X 2 RBUIRE A NE, €L CRERY
BEROATRETHEEIA MO 7 4 — (GeRERH
W) BHbH AWTEINLDEREBREDLHT
bEEFEREOMBEHEEE L, HERBOEAEED
APELLETTHA Y TVEEEROER YA b
7 4 — (macular dystrophy) ®—HTd»H b+ ) k
HH YA bu 74— (occult macular dystrophy : =
E) OREEBEFRBICOVWTIEANTS.
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VA TG <o P R B A B B B L R CRRM L,

Visual function of the macula and molecular mechanism of the macular diseases
Takeshi Iwata : Division of Molecular & Cellular Biology, National Institute of Sensory Organs, National Hospital
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A) BEREKRHEBBUCKBENCERERZS. B) & FORER. C) B (SHMECHAMEN) ORS. MEE
DF 4 A0 LICREMRTIEORTY Y, #EMATER, & FOLTNHOL T UHEETS. OB TIEECKE S
DA T2V ZFIRT DM|FMMADERUTFEL, D UANND SISEHIIMIEEICIEMT 2

BMEZERTHY, SENILD A AL D I
BY5HiEICRoTwa (K18, C). #HEIIMAMIC
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BiiMife - HMEoY 72kl %S4 L
o TWBDIIH L, HO/ME (FOEOHhREES) T
31 :1:1¢%2oTEBY, TZTRREDHEIIIHE
RENDBDS, HLTOHLINEPSTIS L ABICH
DET T 5. SEFMIREREIC R CH Y-
DDOTANF-RHFEPHIERLZY, I rav kY7
DELML L) TIE20BOELL I EBHMLRTY
Y. THbLEROBLIENE TH Y A OTHER
RH - BEEZHER L2 0 2 WEBBIZ o T
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B L o TS OBEEIMET 5 5 & MM
BUEOHDLYVRIAF VR EEEMICHEEAD KL —
BRI PER|TE ChoDERKITPICHEREL
BAIRRDEE (FEMEMBEEEY) LEHHICB
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AHEESH, POEHFEL ETT 5.

I, BEFEHE (SNP) Fv 72 HVASETHE
Boey ) AHBEFENT (zenome wide association
study : GWAS) 2BEAITONT WA, MEEEHE
BERZORMOBRIFITH L. 7A)HIANEE* TS
L7240 754 bw—h—lkbL5 ) L1
BRI BV THRWHB O & - 22RIco W Tid, SNP
Fo T Lo TREE I FICHFEETIHEHIETF OB
EFSHIRBLMMET 2 2 L2RE SN2,
DR THRICHET D Y402H (rs1061170) Oiifz
FHREAAN, I—09/%%RA Y FAILBWTS DR
FBIZOWTHE L0 LT, BAASLHEATIR
Y402H DHBSIZBIR Sy, 162V (rs800292) A5—ER
BETHETIRETH o195, SHOMOT VT A

1. FIL—EY
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VIEESIRITOID
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A) 25/ LMEBBTICK o TREE 10 BICERUERENRESNE (). B) COFEEIOS TSNP rs10490924
DOMEBEWEES KON —TRIREEONEECS T2 pEEA v X (OR). C) rs 10490924 & @A FE
(linkage disequilibrium) ZHEF I HEHE ARMS2 H'5 HirA1 O 2BEFICEEHD, LWFNOBEBGFHNESRCHS

THDMRARINTNS (AlFTER O & D &ndl)

%2 FEEEIRE flpls.

EIEBIEREGEA CEE C3DS@HTON ST ETRIATS
BEEEREO 1D, FRTO< SN C3RMARTC3a s
C3blCHfEEND. C3bIFHRRADMIEICESL, CNICBHA
FHREETD. TOICTOEAKI DAFICKS>THMEN, Ba
BLUCIEBERBD £15%. C3bBbEAKIFICIERSBIC
C3a& C3bICHRL. FRMAERED C3bBb(3ENT 3. C3b
EAHIEC3bBbC3bEHED, THIZCS5% C5as CEbIcHR
L. CBb. CB, C7. C8, CONSHDMAHIEIEEEIE
&k (membrane attack complex : MAC) &R L. KEED
MBI TR, BEEDEICE > THBERRTS. HE
Fl3C3b (CRET DT E TRIRBITIHINICH < .

%3 JIbvIE
BES®ETGEETIREVEOEES. BHER LS RER
ET. 8- IERREONERDEE S - TNS

01 2 3 4 5
—log10(F#8 p 1&)

OB 5 HAFOBETFELEBNANEE S Twa,
Y402HE HE F O L E B 5 (short consensus
repeats : SCRs) ®7&HIZH Y, C3b, CRIGHES ~
7327 & (C-reactive protein), 7)) a¥3I /sy hvk
DOFREEEALIALE L, HARRIRES 2 Ol EET %
LEZoNS HRFD/ v 777 b= R (cth™) i
HHMREOREE, MEICBIT2CINER, Ty 7K
DIFFLBBEEENR TS, 5|12, BEEI10EFT
13 LOC387715/ARMS2 (age-related maculopathy
susceptibility 2) & HtrAl (HtrA serine peptidase 1)
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£, MBICLT ) AHBRN 2 Fob s, B
H®1EFOCFHEBBIHB LT, Re4hk10E0
LOC387715/ARMS2 DA XA T2 = L 2B 542 L
72 (l2)89. ZOFEBIHET S 2 OoDBETOR
7/ WHDPMBEHEED Y R 7 2 8b 500, B
RTEBLMTERTWA ., LOC387715/ARMS? ik
BFE~ Y 2IFEEES, ¢ b LOC387715/ARMS2
ERATADIN I VAV 2w s R R L
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HtrAlD 7 v 279 by A TRERT b BEOHRE
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ﬁﬁ%&xbvx%Mﬁ%%%ﬁbb,ﬁﬁiﬁﬁﬁ
biTwab.
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W5h, ERMOBEDO—HIBHE~BITT L LS
HMONTWEA, ZTOFMEAN =X LEIRHOF F
ThHa. HBRDI I, MHEREEED) 27 BF L
LT, Bf=F MESCiz T, B, B Hebh
EPHILNTWS,

ST, DEDHEE,SHEDIEELE IFT 22 &
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