
US 20090144839A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0144839 A1 

Inana et al. (43) Pub. Date: Jun. 4, 2009 

(54) METHODS AND COMPOSITIONS FOR Publication Classi?cation 
DETECTING AND TREATING RETINAL 
DISEASES (51) Int. Cl. 

A01K 67/027 (2006.01) 
A61K 31/7105 (2006.01) 

(76) Inventors: George Inana, Miami, FL (US); A61K 39/395 (2006,01) 
Margaret McLaren, Miami, FL C07H 21/00 (2006.01) 
(US) A61K 31/711 (2006.01) 

(52) U.S. Cl. ..... .. 800/13; 514/44; 424/158.1; 424/172.1; 
Correspondence Address: 536/23 5 
Margaret J. McLaren, PA. (57) ABSTRACT 
McLaren Legal Services 
6500 S_W_ 133111 Drive The invention discloses multiple genes related to age-related 
Miami, FL 33156 (Us) macular degeneration (AMD) and/or phagocytosis by RPE 

cells of the eye, and methods and compositions for detecting 
and treatin AMD and other retinal de enerative conditions 

(21) Appl' No‘: 11/924346 based on these phagocytosis-related gand/or AMD-related 
genes. Also provided are animal models useful for testing 

(22) Filed: Oct. 25, 2007 therapeutic compounds and treatment protocols for AMD, 
and gene arrays including polymorphic variants of phagocy 

Related US Application Data tosis-related and/or AMD-related genes, useful for genetic 
screening of nucleic acid samples from subjects to obtain 

(63) Continuation of application No. 10/773,446, ?led on pro?les of polymorphic variant sequences in a plurality of 
Feb. 9, 2004, noW Pat. No. 7,309,487. 

4% 

as? 

1131} 

genes associated With AMD. 



Patent Application Publication Jun. 4, 2009 Sheet 1 0f 15 US 2009/0144839 A1 

H ~ vi. .Fn it 

an...» 

EL g 

33 ‘MD 

1 g 5: 

wk an 

‘a , , WK 5,.» 

4... a?“ “.3 3%: Z.» mg mg kg 2.9 ..:.. M! 

am: e 



Patent Application Publication Jun. 4, 2009 Sheet 2 0f 15 US 2009/0144839 A1 



Jun. 4, 2009 Sheet 3 0f 15 US 2009/0144839 A1 Patent Application Publication 





Patent Application Publication Jun. 4, 2009 Sheet 5 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 6 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 7 0f 15 US 2009/0144839 A1 

TIME FIG. 7 

12P 

g g a $ 2 a o 

(%) NOISSEIHdXEI ammaa 



Patent Application Publication Jun. 4, 2009 Sheet 8 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 9 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 10 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 11 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 12 0f 15 US 2009/0144839 A1 



Patent Application Publication Jun. 4, 2009 Sheet 13 0f 15 US 2009/0144839 A1 

/ 

%//////% //// / Z 
_ _ _ _ 

6 4 2 5232.22 551% 521 
AU 

[I0 E1 E2 E3 E114 

GRADE LEVEL OF PATHOLOGY 

FIG. 13 



Patent Application Publication Jun. 4, 2009 Sheet 14 0f 15 US 2009/0144839 A1 

MTl-MMP Exon 5 PCR PRODUCT (SEQ ID NO: 59) 

1 GGGAGGCTGA GGGAAGGGAC TCAGGCTGCT ATCGTCACTG TCCCCATCCTT 

51 CCAGGAAATG ACATCTTCCT GGTGGCTGTG CACGAGCTGG GCCATGCCCT 

101 GGGGCTCGAG CATTCCAGTG ACCCCTCGGC CATCATGGCA CCCTTTTACC 
' codon 259 

151 AGTGGATGGA CACGGAGAAT TTTGTGCTGC CCGATGATGA CCGCCGGGGC 
codon 273 

201 ATCCAGCAAC TTTATGGCGA GTAGTCTACA CCCACGCCTG CTCCCTCCTC 

251 TGCTGCTTGT TCCCTCCTGG TCTACGCATT TCCCC 

FIG. 14 
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METHODS AND COMPOSITIONS FOR 
DETECTING AND TREATING RETINAL 

DISEASES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of 
co-pending US. patent application Ser. No. 10/773,446, ?led 
Feb. 9, 2004, now US. Pat. No. 7,309,487 entitled “Methods 
and Compositions For Detecting and Treating Retinal Dis 
eases,” Which is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] Age-related macular degeneration (AMD) is the 
number one cause of blindness for the elderly population over 
60 years of age. It is a devastating disease that destroys central 
vision in the affected individuals, robbing them of their ability 
to perform activities necessary for everyday life such as read 
ing and driving (Bressler et al., 1988; Evans, 2001; Gottlieb, 
2002). In one study, the prevalence of AMD in persons 75 or 
older has been reported to be 7.8% (Klein et al., 1992). 
[0003] AMD is a sloW, progressive disease that involves 
cells of the outer retinal layers (including photoreceptors and 
the retinal pigment epithelial (RPE) cells that support the 
photoreceptors), as Well as cells in the adjacent vascular layer 
of the eye knoWn as the choroid. Macular degeneration is 
characterized by the breakdown of the macula, a small por 
tion of the central retina (about 2 mm in diameter) responsible 
for high-acuity vision. Late-onset macular degeneration (i.e., 
AMD) is generally de?ned as either “dry” or “Wet.” The Wet 
(“exudative”) neovascular form of AMD affects approxi 
mately 10% of those With the disease, and is characterized by 
abnormal blood vessels groWing from the choriocapillaris 
through the RPE, typically resulting in hemorrhage, exuda 
tion, scarring, and/or serous retinal detachment. Approxi 
mately 90% of patients With AMD have the non-neovascular 
dry form, characterized by atrophy of the RPE and loss of 
macular photoreceptors. 
[0004] One of the clinical hallmarks of AMD is the pres 
ence of deposits of debris-like material, termed “drusen,” that 
accumulate on Bruch’s membrane, a multilayered composite 
of extracellular matrix components separating the RPE (the 
outermost layer of the retina) from the underlying choroid. 
Drusen can be observed by funduscopic eye examination. 
These deposits have been extensively characterized in micro 
scopic studies of donor eyes from patients With AMD (Sarks, 
et al., 1988). The deposits observed in the living eye upon 
clinical examination are classi?ed as either soft drusen or 
hard drusen, according to several criteria including relative 
size, abundance, and shape of the deposits (revieWed, for 
example, in Abdelsalam et al., 1999). Histochemical and 
immunocytochemical studies have shoWn that drusen contain 
a variety of lipids, polysaccharides, glycosaminoglycans and 
proteins (Abdelsalam et al., 1999; Hageman et al., 1999, 
2001 ). 
[0005] There is presently no cure forAMD. Several types of 
treatments are available, With laser photocoagulation of 
abnormal vessels in the Wet form of the disease being the 
standard (Gottlieb, 2002; Algvere and Seregard, 2002). This 
treatment is limited by the fact that only Well-delineated 
neovascular lesions can be treated in this Way and that 50% of 
patients Will suffer recurrence of the leakage from the vessels 
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(Fine et al., 2000). Because of the energy of the laser required 
for this treatment, the photoreceptors in the treated area Will 
also die, and the patient Will also often suffer central blindness 
immediately after the treatment. NeW neovascular lesions 
Will eventually develop, requiring repeated treatments. 
[0006] Photodynamic therapy, Which combines loW energy 
laser activation With a photosensitive agent, has been a valu 
able addition to the laser treatment approach (Bressler, 2001). 
In this method, a photosensitive agent, i.e., vertepor?n is used 
Which has an a?inity for abnormal neW blood vessels. Selec 
tive targeting of these vessels can be activated by nonthermal 
laser to produce reactive oxygen species Which can destroy 
the abnormal vessels. In a study group, only 33% of those 
receiving photodynamic therapy With vertepor?n had sub 
stantial loss of vision, compared to 61% of those Who did not 
receive vertepor?n. The treatment, hoWever, Was only bene? 
cial for patients With classic choroidal neovascular mem 
branes. The full long-term bene?t of this neW treatment 
modality has yet to be established. Despite this advance, 
hoWever, the treatment does not prevent the subsequent for 
mation of neW neovascular lesions. 

[0007] Other available treatments for the Wet form of AMD 
include submacular surgery and extemal-beam radiation 
therapy. Those under study include retinal translocation and 
inhibition of vascular endothelial groWth factor (Algvere and 
Seregard, 2002). For prevention of progression to advanced 
AMD, treatment With antioxidants, including vitamins C and 
E, [3-carotene, and zinc, Was shoWn to be helpful, and pro 
phylactic laser treatment is under study (Gottlieb, 2002). 
[0008] Despite the above-described advances, it is recog 
nized that current treatment for AMD is mostly palliative 
(Algvere and Seregard, 2002). None of the available treat 
ments attacks the fundamental cause of the disease, Which is 
unknoWn. The disease therefore can continue to progress 
folloWing treatment, With re-development of neovasculariza 
tion and destruction of the macula. Accordingly, there 
remains a compelling need to understand the molecular 
mechanism of this disease, so that therapeutic treatment or 
cure can be directed at its root cause. 

[0009] It is Well recognized that genetic factors play an 
important role in the etiology of AMD. For example, it has 
been reported that people With a family history of AMD and 
siblings of AMD patients have a higher risk of developing 
AMD (Evans, 2001). Monozygotic tWins have shoWn a 
higher concordance rate of clinical features of AMD com 
pared to dizygotic tWins (Klein et al., 1994). Another study 
found all monozygotic tWins affected With AMD to be con 
cordant for AMD While only 42% of dizygotic tWins Were 
concordant (Meyers et al., 1995). Accordingly, one major 
approach to understanding AMD etiology is to look for genes 
involved in AMD. For example, approaches such as linkage 
analysis in large families, allele sharing analysis among sib 
pairs, and association studies in populations have been used 
in attempts to identify genes associated With AMD (Guymer, 
2001). Linkage to chromosomal region 1q Was reported in a 
large AMD family (Klein et al., 1998). Results of an allele 
sharing analysis did not yield any neW candidate genes 
(Weeks et al., 2000). An association of a mutation in hemi 
centin-1 has been reported in a familial form of age-related 
macular degeneration mapping to human chromosome 1q in 
a large family (Schultz et al., 2003). 
[0010] Another genetic strategy for AMD is to test genes 
causing other forms of inherited macular degenerations as 
putative causative genes (“candidate genes”) for AMD. Sev 
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eral macular diseases With a clearly hereditary pattern of 
inheritance (so-called “Mendelian macular degenerations”) 
have been described that resemble AMD in phenotype. 
Examples of these diseases include Sorsby’s fundus dystro 
phy, Stargardt’s disease, Best disease, and Doyne’s honey 
comb retinal dystrophy (Guymer, 2001). Causative genes for 
these diseases have been analyZed as candidate genes for 
AMD. To date hoWever, none of them has clearly demon 
strated a causal relationship With AMD. For example, the 
ATP-binding cassette transporter gene (ABCR) Was found to 
be the pathogenic gene for recessive Stargardt’s disease 
(Hutchinson et al., 1997). ABCR Was proposed as a candidate 
gene for AMD, and in one study, 16% of patients With AMD 
Were initially shoWn to have mutations in this gene (Allikmets 
et al., 1997). This conclusion, hoWever, has been challenged 
(Stone et al., 1998). 
[0011] The most likely reason for the failure to ?nd AMD 
genes through classical genetic approaches such as chromo 
somal mapping, genetic linkage analysis, and candidate gene 
analysis, is that AMD is a “multigene,” or “complex” genetic 
disease. Complex genetic diseases are those diseases believed 
to be caused by changes in multiple genes. Such diseases 
characteristically demonstrate a complex pattern of inherit 
ance (Heiba et al., 1994; Klein et al., 1994). In the case of 
AMD, a disease of old age, it is generally thought that the 
course of the disease is in?uenced not only by the combined 
effects of the above-described multiple genetic factors, but is 
further affected by certain environmental risk factors. 
[0012] A second broad approach aimed at discovering 
causative genes in AMD has been hypothesis-based research 
aimed at elucidating the mechanism of the disease, With the 
goal of secondarily identifying the genes involved in the 
mechanism. Numerous hypotheses regarding the pathogenic 
mechanism of AMD have been proposed and tested, resulting 
in a voluminous literature on this subject. 
[0013] Oxidative damage has been one major theme as a 
proposed mechanism for AMD (Winkler et al., 1999; Evans, 
2001; Husain et al., 2002). The retina is knoWn to have an 
extremely high consumption of oxygen, and the photorecep 
tors and RPE are in a very oxygen-rich environment. The RPE 
is situated immediately adjacent to the choriocapillaris, a rich 
capillary plexus coursing With highly oxygenated blood. The 
retina is a light-sensitive organ in Which photoactivated 
events are constantly occurring during times of light expo 
sure, resulting inter alia in the production of reactive oxygen 
species. In general support of the oxidative damage hypoth 
esis, antioxidants tested in clinical studies have been reported 
to have a moderate bene?cial effect of reducing progression 
to severe AMD (Hyman and Neborsky, 2002), although the 
results of several studies are con?icting (Flood et al., 2002). 
Smoking, Which can reduce plasma levels of antioxidants, has 
been associated With increased risk of AMD (Mitchell et al., 
2002). Adding support to the oxidative damage theory is a 
recent proteomic analysis of drusen, Which demonstrated the 
presence in these deposits of several oxidation-modi?ed 
products (Crabb et al., 2002). 
[0014] It has been proposed that dysfunction in the RPE is 
central to the pathogenesis of AMD and can lead to drusen 
formation (Hogan, 1972). The earliest knoWn sign of RPE 
dysfunction is accumulation of lipofuscin, Which may lead to 
the characteristic thickening of Bruch’s membrane, forma 
tion of drusen, and choroidal neovasculariZation observed in 
the Wet form ofAMD (Gass et al., 1985; Sarks et al., 1988; 
Green, 1999). Lipofuscinis composed of oxidiZed, polymeric 
molecules derived mostly from phagocytosed membranes of 
photoreceoptor outer segments (OS) (KatZ, 1989; Kennedy et 
al., 1995). OS membranes are knoWn to be rich in polyun 
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saturated fatty acids, Which are an excellent substrate for 
peroxidation (KatZ, 1989). It is believed that these molecules 
cannot be degraded and therefore begin to accumulate in the 
RPE cells as lipofuscin. At least one component of lipofuscin, 
i.e., the ?uorophore A2E, a pyridinium bisretinoid, has been 
demonstrated to be toxic, causing membrane destabilization 
(De and Sakmar, 2002), and inhibition of cytochrome c oxi 
dase and apoptosis in cultured porcine and human RPE cells 
(Shaban et al., 2002). Thus, A2E and lipofuscin accumulation 
in the RPE is thought to be directly related to dysfunction and 
demise of these cells With aging. 
[0015] The processes of oxidative damage, lipofuscin accu 
mulation, and drusen formation are not limited to AMD, but 
rather occur to some extent in all individuals With advancing 
age. Accordingly, a fundamental question that remains unan 
sWered is Why these processes are more advanced in some 
people than others, leading to AMD. Progress in developing 
neW therapies targeting the root cause of AMD Will require 
much greater knoWledge of speci?c gene targets involved in 
the key cellular metabolic pathWays in photoreceptors, RPE 
and choroidal cells that contribute to the observed pathology. 

SUMMARY OF THE INVENTION 

[0016] The invention provides novel methods and compo 
sitions for screening and treating retinal degenerative condi 
tions, including age-related macular degeneration (AMD), as 
Well as animal models useful for testing therapeutic com 
pounds and methods. The invention is the product of a gene 
discovery strategy resulting in isolation of genes shoWing 
differential expression 1) in AMD-affected vs. normal eye 
tissues and 2) during the process of phagocytosis of outer 
segments (OS) by RPE cells. OS phagocytosis is a critical 
function of the RPE cells, involving a complex multi-step 
process, the byproducts of Which contribute to generation of 
reactive oxygen species and lipofuscin accumulation in the 
RPE cells. 
[0017] Using a novel expression cloning strategy termed 
CHANGE (for Comparative Hybridization ANalysis of Gene 
Expression) at least 200 AMD-related genes and at least 60 
phagocytosis-related genes expressed in RPE cells Were iso 
lated. Five previously uncharacteriZed genes Were identi?ed 
by this strategy and demonstrated to be related to AMD and/ or 
RPE phagocytosis. The nucleic acid sequences of cDNAs 
encoding the products of these genes are listed herein as SEQ 
ID NOS:1, 4, 5, 12, and 17. 
[0018] A subset of six genes, termed “AMD/phagogenes,” 
or “AMDP genes” are further described herein that ?t the dual 
criteria of relatedness to AMD and to RPE phagocytosis. 
Three of these genes, i.e., prostaglandin D2 synthase (SEQ ID 
NO:2), matrix metalloproteinase, membrane-type 1 (MT1 
MMP) (SEQ ID NO: 15), and unknoWn RPE-expressed 
cDNA AMDP-3 (SEQ ID NO:17) all demonstrate up-regula 
tion in AMD. AMDP genes doWn-regulated in AMD include 
casein kinase 1 epsilon (SEQ ID NO:9), ferritin heavy 
polypeptide 1 (SEQ ID NO:10), and SWI/SNF related/ 
OSA-1 nuclear protein (SEQ ID NO: 16). 
[0019] Other genes previously not knoWn to be functionally 
related to RPE phagocytosis are disclosed herein, including 
unknoWn PHG-l (SEQ ID NO:1), myelin basic protein (SEQ 
ID NO:3), unknoWn PHG-4 (SEQ ID NO:4), unknoWn 
PHG-5 (SEQ ID NO:5), peanut-like 2/septin 4 (SEQ ID 
NO:6), coactosin-like 1 (SEQ ID NO:7), clusterin (SEQ ID 
NO:8), metargidin (SEQ ID NO: 1 1), unknoWn PHG-13 (SEQ 
ID NO: 12), retinaldehyde binding protein 1 (SEQ ID NO: 13), 
and actin gamma 1 (SEQ ID NO: 14). 
[0020] An exemplary AMDP gene discovered by the above 
strategy is the membrane-type matrix metalloproteinase 1 
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(MTl-MMP) (SEQ ID NO: 15). MTl -MMP is a gene encod 
ing a protease involved in the remodeling of extracellular 
matrix, for example by speci?cally activating pro-gelatinase 
A. Gelatinase A is the major metalloproteinase responsible 
for speci?c cleavage of type IV collagen, the main structural 
component of basement membranes. MTl -MMP also shoWs 
activity against other extracellular matrix components. 
[0021] It has been demonstrated that MTl-MMP is a highly 
attractive therapeutic target for screening and treating AMD 
and other retinal conditions, based on the folloWing ?ndings: 
l) MTl -MMP is upregulated in the RPE and photoreceptors 
in the eyes of patients With AMD, in a monkey model of 
AMD, and in the RCS rat, a model of retinal degeneration 
involving a defect in OS phagocytosis by the RPE; 2) MTl 
MMP is directly involved in the mechanism of phagocytosis 
by RPE cells; 3) the progress of retinal degeneration in the 
RCS rat is signi?cantly reduced by blocking activated MTl - 
MMP present in the subretinal space With an anti-MTl -MMP 
antibody; 4) a synonymous polymorphism of MTl-MMP 
(i.e., P259P) that could produce a splice variant of the mRNA 
resulting in a truncated protein, and a missense polymor 
phism of MTl -MMP (i.e., D273N) affecting the catalytic 
domain of the protein are found With higher frequency in the 
DNA of patients With AMD (54.8% vs. 31.6%) and familial 
maculopathies (68.2% vs. 31.6%). 
[0022] Based on the foregoing discoveries, it is an object of 
the invention to provide a method for delaying or reversing a 
retinal or choroidal degenerative disease or condition in a 
subject. The method includes contacting a retinal or choridal 
cell of a subject having, or at risk of developing, a retinal or 
choroidal degenerative disease or condition With an agent that 
modulates the expression or activity of an AMDP-related or 
phagocytosis-related gene. The AMDP-related or phagocy 
tosis-related gene can be human unknoWn PHG-l; prostag 
landin D2 synthase; myelin basic protein; human unknoWn 
PHG-4; human unknoWn PHG-5; human peanut-like 2/septin 
4; coactosin-like l; clusterin; casein kinase 1 epsilon; ferritin 
heavy polypeptide l; metargidin; human unknoWn PHG-l3; 
retinaldehyde binding protein 1; actin gamma 1; matrix met 
alloproteinase, membrane-associated l (MTl-MMP); SWI/ 
SNF related/OSA-l nuclear protein; and human unknoWn 
AMDP-3. The foregoing AMDP-related or phagocytosis-re 
lated genes include, respectively, the nucleotide sequences 
identi?edherein as SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, ll, 
l2, l3, l4, l5, l6, and 17. 
[0023] Preferred genes targeted for modulation of expres 
sion or activity are prostaglandin D2 synthase, MTl-MMP 
and unknoWn gene AMDP-3, shoWn herein to be up -regulated 
in AMD. In a particularly preferred embodiment, the agent is 
directed against a MTl-MMP nucleic acid or protein. The 
retinal or choroidal degenerative disease or condition can be 
AMD. The method can be used to treat a subject suffering 
from AMD, or at risk of developing AMD. 
[0024] The method can delay the retinal or choroidal 
degenerative disease or condition, or it can reverse the disease 
or condition. 

[0025] The cell type to be contacted in the practice of the 
method can be a photoreceptor, an RPE cell or a Muller cell, 
or a cell type of the choroid, including an endothelial cell, a 
smooth muscle cell, a leukocyte, a macrophage, a melanocyte 
or a ?broblast. 

[0026] In a preferred embodiment of the method, in Which 
the AMDP-related or phagocytosis-related gene is MTl - 
MMP, the MTl -MMP may be located Within the cell or in an 
extracellular matrix, such as an interphotoreceptor matrix. 
[0027] In some embodiments of the method, the agent 
doWn-regulates expression of a nucleic acid or amino acid 
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sequence of an AMDP-related or phagocytosis-related gene. 
In preferred embodiments, the targeted genes include MTl - 
MMP, prostaglandin D2 synthase and AMDP-3, Which genes 
are shoWn herein to be over-expressed in AMD. The agent 
may be an oligonucleotide, for example a riboZyme, an anti 
sense RNA, an interfering RNA (RNAi) molecule, or a triple 
helix forming molecule. 
[0028] The agent may also be an antibody that speci?cally 
binds to a MTl-MMP, prostaglandin D2 synthase orAMDP-3 
protein or peptide. Preferably the antibody can neutraliZe at 
least one biological activity of the protein or peptide. For 
example, an antibody against MTl -MMP can neutraliZe acti 
vation of a progelatinase A, or degradation of an extracellular 
matrix component. 
[0029] In another embodiment, the agent that doWn-regu 
lates expression of MTl-MMP, prostaglandin D2 synthase or 
AMDP-3 can be a small molecule. 

[0030] It is a further object of the invention to provide a 
method of determining risk of a subject of developing a reti 
nal or choroidal degenerative disease or condition. The 
method includes screening a nucleic acid sequence of the 
subject for the presence of at least one polymorphism in at 
least one phagocytosis-related or AMDP-related gene, 
Wherein the presence of a polymorphism indicates that the 
subject is at higher risk for developing a retinal degenerative 
disorder than a subject Without the polymorphism. The 
phagocytosis-related genes can include, but are not limited to, 
unknoWn PHG-l, prostaglandin D2 synthase, myelin basic 
protein, unknoWn PHG-4, unknoWn PHG-5, peanut-like 
2/septin 4, coactosin-like l, clusterin, casein kinase 1 epsilon, 
ferritin heavy polypeptide l, metargidin, unknoWn PHG-l3, 
retinaldehyde binding protein 1, actin gamma 1, membrane 
type metalloprotinase l (MTl -MMP), SWI/SNF related/ 
OSA-l nuclear protein, and unknoWn AMDP-3. Nucleic 
acids encoding these phagocytosis-related gene products 
include, respectively, cDNA sequences listed herein as SEQ 
ID NOS: 1 -I7. 
[0031] The AMDP-related genes to be screened in the 
method can include, but are not limited to, prostaglandin D2 
synthase, casein kinase 1 epsilon, ferritin heavy polypeptide 
l, SWI/SNF related/OSA-l nuclear protein, and AMDP-3. 
Nucleic acids encoding these AMDP-related gene products 
include, respectively, cDNA sequences listed herein as SEQ 
ID NOS:2,9,10,16 and 17. 
[0032] The polymorphisms screened in the method can be 
Within an intronic, exonic or promoter region of the gene of 
interest. 
[0033] In a preferred embodiment of the screening method, 
the gene of interest is MTl -MMP. The polymorphism can be 
Within a region of the human MTl-MMP gene that can be 
ampli?ed by PCR using amplimer pairs having nucleic acid 
sequences selected from the folloWing groups: SEQ ID NOS: 
l8 and 19; 20 and 21; 22 and 23; 24 and 25; 26 and 27; 28 and 
29; 30 and3l; 32 and 33; 34 and 35; 36 and 37; 38 and 39; 40 
and4l;42 and43; 44 and45; 46 and47; 48 and49; 50 and5l; 
52 and 53; 54 and 55; 56 and 57; and 57 and 58. 
[0034] In a particularly preferred embodiment of the 
method, the polymorphism is Within a 285 bp fragment of 
exon 5 of the human MTl -MMP gene. Within this region, the 
polymorphisms can include a D273N missense polymor 
phism and a P259P synonymous polymorphism. 
[0035] It is also an object of the invention to provide a 
method of treating a retinal or choroidal degenerative disease 
or condition in a subject. The method includes contacting a 
retinal or choroidal cell of the subject With a vector that 
includes a nucleic acid encoding an agent that doWn-regulates 
or inhibits expression of a phagocytosis-related or AMDP 
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related mRNA or protein. The agent included in the vector 
can be an antisense RNA, a riboZyme, or an interfering RNA 
(RNAi) molecule. In preferred embodiments, the phagocyto 
sis-related or AMDP-related genes targeted for doWn-regula 
tion are prostaglandin D2 synthase, MTl-MMP, and AMDP 
3, comprising respectively the nucleic acid sequences shoWn 
herein as SEQ ID NOS:2, l5 and 17. 
[0036] In another aspect, the invention provides a method 
of treating a retinal or choridal degenerative disease or con 
dition using a vector to deliver a desired form of a phagocy 
tosis-related or AMDP-related gene product to a subject in 
need thereof. The vector can include a nucleic acid encoding 
either a Wild type or polymorphic variant of a phagocytosis 
related or AMDP-related gene. 

[0037] Yet another embodiment of the invention is a com 
position for prevention or treatment of a retinal or choroidal 
degenerative disease or condition in a subject comprising an 
agent that blocks the expression or activity of a phagocytosis 
related or AMDP-related gene. In some embodiments, the 
agent can be an antisense RNA, a riboZyme, or an interfering 
RNA (RNAi) molecule. The agent can also be an antibody or 
a small molecule. 

[0038] Also Within the invention are compositions for pre 
vention or treatment of a retinal or choroidal degenerative 
disease or condition in a subject comprising a vector. In 
various embodiments, the vectors can include a nucleic acid 
encoding an agent that doWn-regulates or inhibits expression 
of a phagocytosis-related or AMDP-related mRNA or pro 
tein, or a nucleic acid that encodes a Wild type or polymorphic 
variant of a phagocyto sis-related orAMDP-related protein. In 
preferred embodiments, the phagocytosis-related or AMDP 
related genes include MTl -MMP, prostaglandin D2 synthase 
and AMDP-3. In particularly preferred embodiments, the 
gene is MTl-MMP. 
[0039] The invention further provides several embodi 
ments of nonhuman transgenic animals useful, for example, 
as models of AMD and other retinal degenerative conditions. 
Preferably, the transgenic animal is a mammal, more prefer 
ably a rodent, and most preferably a mouse. In one embodi 
ment, a transgenic animal includes an isolated nucleic acid 
construct that causes at least one cell type of the animal to 
over-express a phagocytosis-related or AMDP-related gene. 
The phagocytosis-related or AMDP-related gene is prefer 
ably MTl-MMP, prostaglandin D2 synthase, or AMDP-3. 
Preferred versions ofthe transgenic animals are engineered to 
overexpress the phagocytosis-related or AMDP-related gene 
product in particular cell types, including retinal cell types 
selected from photoreceptors, RPE cells and Muller cells, and 
choroidal cell types including endothelial cells, smooth 
muscle cells, leukocytes, macrophages, melanocytes and 
?broblasts. In some embodiments, the gene of interest is 
conditionally over-expressed. 
[0040] Another preferred embodiment of an animal model 
of AMD/retinal degeneration is a nonhuman transgenic ani 
mal including an isolated nucleic acid construct that causes at 
least one cell type of the animal to express a polymorphic 
variant of a phagocytosis-related or AMDP-related nucleic 
acid and/or protein. In preferred embodiments, the nucleic 
acid and/ or protein is MTl -MMP, prostaglandin D2 synthase, 
or AMDP-3. The polymorphic variant can be increased in 
incidence in a population of humans With AMD, compared to 
a normal control population. 
[0041] Yet another embodiment is a nonhuman polytrans 
genic animal including at least a ?rst isolated nucleic acid 
construct and at least a second isolated nucleic acid construct, 
the ?rst construct causing at least one cell type of the animal 
to express a polymorphic variant of a ?rst gene correlated 
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With increased incidence of AMD, and the second nucleic 
acid construct causing at least one cell type of the animal to 
express a polymorphic variant of a second gene correlated 
With increased incidence of AMD, or having an association 
With RPE phagocytosis. 
[0042] In preferred embodiments of the polytransgenic ani 
mals, the ?rst gene is MTl-MMP and the second gene is 
selected from ABCR, apolipoprotein E, C4C chemokine 
receptor-2, cystatin C, hemicentin/FIBL-6, manganese super 
oxide dismutase, C4C chemokine ligand/monocyte 
chemoattractant protein 1, and paraoxonase. 
[0043] In other preferred embodiments of the polytrans 
genic models, the ?rst gene is MTl-MMP and the second 
gene is a phagocytosis-related or AMDP-related gene 
selected from human unknown PHG-l, prostaglandin D2 
synthase, myelin basic protein, human unknown PHG-4, 
human unknoWn PHG-S, human peanut-like 2/septin 4, coac 
tosin-like l, clusterin, casein kinase 1 epsilon, ferritin heavy 
polypeptide l , metargidin, human unknoWn PHG- l 3, retinal 
dehyde binding protein 1, actin gamma 1, SWI/SNF related/ 
OSA-l nuclear protein, and human unknoWn AMDP-3. 
[0044] Particularly preferred embodiments of the trans 
genic animals of the invention are mice, Which provide the 
advantage of a relatively short life span, making them more 
suitable for study of age-related diseases than other longer 
lived animal models such as monkeys. 
[0045] In yet another aspect, the invention provides isolated 
nucleic acids encoding previously uncharacteriZed gene 
products shoWn herein to be phagocytosis-related and/or 
AMDP-related proteins. The nucleic acids encoding these 
proteins include nucleic acid sequences comprising SEQ ID 
NOSzl, 4, 5, l2, and 17. 
[0046] The invention further provides a gene array includ 
ing a plurality of isolated oligonucleotide sequences, said 
sequences being positioned Within an intronic, exonic or pro 
moter sequence of a native human AMD-related or phagocy 
tosis-related gene. The genes represented by the oligonucle 
otide sequences in the array encode cDNAs comprising 
nucleic acid sequences shoWn herein as SEQ ID NOSzl-l7 
and SEQ ID NOSz62-69. 
[0047] In preferred embodiments of the gene array, at least 
one gene is MTl-MMP and the oligonucleotide sequences 
include a P259P or a D273N polymorphic variant of the 
MTl-MMP coding sequence. These variants of MTl-MMP 
are shoWn herein to be increased in frequency in a population 
of patients With AMD and other macular degenerative condi 
tions, relative to their frequency in a population of normal 
control subjects. 
[0048] The gene array can further include at least one oli 
gonucleotide sequence comprising at least one polymorphic 
variant of one or more AMD-related genes besides MTl 
MMP. The polymorphic variant sequences can include: 
ABCR (D217N; Gl96lE), manganese superoxide dismutase 
(V47A), apolipoprotein E (C130, R176C and Cl30R, R176), 
cystatin C (A25T) and paraoxonase (Q192R, L54M). 
[0049] The gene arrays of the invention are useful, for 
example, for screening DNA samples from subjects to deter 
mine the distribution of polymorphic variants of a plurality of 
AMD-related and/or phagocytosis-related genes in the sub 
ject’s DNA. In keeping With the multi-gene (complex disease) 
etiology of AMD, it is contemplated that information pertain 
ing to the distribution of combinations of particular polymor 
phic variants of AMD-related or phagocytosis-related genes 
in a subject’s DNA can be used to predict the likelihood that 


















































































































































































































































