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[001] This application claims priority to U.S. Provisional Application
No. 61/266,705, filed December 4, 2009 and U.S. Provisional Application No.
61/329,410, filed April 29, 2010, the disclosures of each of which are
incorporated by reference in their entirety.
. FIELD OF THE INVENTION

[002] The present invention relates to chemical compositions suitable
for application to retinal tissues of the eye to strengthen and organize, or re-
organize, the extracellular matrix structure of retinal tissues resulting in tissue
stabilization; and stabilization and protection of the retinal pigment epithelial
cell layer lining Bruch’s membrane to retard or prevent the development of
macular degeneration, diabetic retinopathy and diabetic macular edema.
More particularly the present invention relates to chemical compositions
suitable for strengthening and organizing the extracellular matrix structure of
Bruch’s membrane and stabilizing and protecting the retinal pigment
epithelial layer lining Bruch’s membrane to maintain the integrity of the barrier
between the choroids and the retina, thereby preventing the disruption of
Bruch’s membrane that leads to (1) detachment and death of retinal epithelial
cells, (2) development of choroidal neovascularization, and (3) progressive

development of age related macular degeneration.

1. BACKGROUND

[003] Age-related macular degeneration (AMD) is the most common,
chronic degenerative macular disorder. It is the number one cause of legal

blindness in the United States in persons over 65 years of age and is present



macul ar degeneration, diabetic retinopathy and di abetic macul ar edema. Mre
particularly the present invention relates to chem cal conpositions
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structure of Bruch's menbrane and stabilizing and protecting the retinal

pi gment epithelial layer lining Bruch's menbrane to maintain the integrity
of the barrier between the choroids and the retina, thereby preventing the
di sruption of Bruch's nmenbrane that |eads to (1) detachment and death of
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supply to oxygen deprived retinal tissue. However, the new vessels
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menbr ane assAEAUNG MG H$s U yL%@[p vision can occur suddenly an

untreated, may result in so-called disciform degeneration. Other symptoms
include distortion, decreased contrast sensitivity, and decreased color vision.
Wet AMD is thought to result from biochemical and structural changes in
Bruch’s membrane associated with dry AMD.

[006] The dry type is much more common and is characterized by
drusen and loss of pigment in the retina. Drusen are small, yellowish
deposits that form on or around Bruch's membrane. Loss of vision is more
gradual and less severe than in the wet type. However, a small number of
patients with dry macular degeneration eventually develop geographic
atrophy of the retinal pigment epithelium, a form of dry AMD associated with
substantial reductions in best corrected visual acuity.

[007] Unfortunately, there is no proven treatment for dry AMD. The
results of several recent trials do not support the use of laser for dry AMD.
Doctors usually watch or monitor dry AMD for the first signs that it is
progressing to the more dangerous wet-AMD. As stated above, treatment for
wet AMD is most successful when treatment occurs in the early stages. It
may even be possible to prevent development of AMD if an appropriate
treatment can be identified.

AMD



[6] The dry type is nuch nore common and is characterized by drusen and

| oss of pignment in the retina. Drusen are small, yellow sh deposits that
form on owoanoumeo4Br uch' s nenbrane. Loss of vision is mpC@/Use@dosdssand | ess
severe than in the wet type. However, a small nunber of patients with dry
macul ar degeneration eventually devel op geographic atrophy of the retinal

pi gnent epithelium a formof dry AVMD associated with substanti al

reductions in best corrected visual acuity. [ 7] Unfortunately, there

IS no proven treat n for dr MD. ,The re t t ls d
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wet - AMD. As state e, treatnent for wet I's nmost successful when
treat ment occpatentsididgaosead WithsdgedD. | Theragpt Wmﬁéemsﬁ esuady feasizent
devel opment of AMD if . an apprqpriate treatnment can be identified. AMD WO
2011/ 069046P@/‘%@§@)%§8‘§§'@”q8 [8] As noted above, there are two

di stinct forms of h@\l Wt A0 aMicts dhsroiatERr 10% Sof HRoOBIECHANAMD hiant t he
wet, w th about 9 AMD patients diagnosed with dry AVMD. The wet formof

the di sease waaeaunis 10é@<ﬁ’9r®0m@tﬁ!|é9§§(¢ pbak seyeypofisippdess from AMD| @jatipgal AVD

af fects appr 0% of people with AMD, but accounts for
appr oxi mat el 32(\990”&/‘ (gh}&ﬁ severe vision |oss from AMD (National Eye

Institute). [ok @P]WﬂhtWeN\RMMN@w peorlyfoonéy bicodmessklsogrowiesssdts gr ow
beneat h the retlna(fromthe choroids) and |le | 00 id into the
retina and subedetinalirapdbe choreids) %’éfi kd é@grﬂé‘tqd'ﬁﬁ? ﬂ@erqlﬂgata@ddl e,

Elr :)ggt g;ofgaf%dﬂgg%ﬁ' ﬁtprégle;ﬁ*éﬁ@e(a‘k‘égérc%bs@?éﬂr@ cef'® diBepaRRbtekREafRAt es
of the fovea (central macula), and the scarring creates blind spots in central
vision.

[011] The dry form is characterized by drusen and loss of pigment in
the retina. Drusen are small, yellowish deposits that from on or around
Bruch’s membrane.

[012] The retina is a complex multilayered structure that can be
functionally be considered in two sections; the photosensitive layer of rods
and cones and their neural connections that gather light and convert it to
electrical nerve impulses transmitted by the optic nerve and the underlying
retinal pigment epithelium and underlying basal lamina called Bruch’s
membrane, which work together to maintain the integrity of the barrier
between the choroids and the retina. The choroids, a main vascular tunica,
is found between the retina and the sclera and provides the main source of

blood supply to the outer half of the retina.

Aging and AMD
[013] Aging is associated with biological changes throughout the

body, including the eye. While aging changes may or may not be associated
with AMD, it is particularly important to recognize changes in the junction
between retinal pigment epithelium and Bruch’'s membrane that occur during

aging. It is known that aging is associated with alterations in the extracellular
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[11] The dry formis characterized by drusen and | oss of pignent in the
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| ayer and changes in coll n content and col.l age atial ni zation.
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i ncrease in glycosam nogl ycan &%e and content has been reported. Overall,
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Di abetic Retinopathy [14] Diabetic retinopathy is a m croangi opat hy
of the retina and involves capillary | eakage and retinal ischema. Miltiple

bi ochem cal ) A8 5 ol ved includi ng production of vascul ar

endot hel i al @%%—h—?a@or (VEGF) that causes neo-vascul ari zati on,

i ncreased vascul arjopg) nRabketit retincpathycisl a ap@eao@ophmybdﬁabdmma padl barrier.
Progression of diabetic retinopathy is a rel.ated and as C|ated wth

structural ar@vejvezRapilas |eéh%9@é§d rﬁt"ﬁl eén'ﬁeMb‘ tigle b cal

pathways are involved including production of vascular endothehal cell
growth factor (VEGF) that causes neo-vascularization, increased vascular
permeability, and collapse of the blood-retinal barrier. Progression of diabetic
retinopathy is age-related and associated with structural and biochemical
changes in Bruch’s membrane (BM).

[015] Diabetic retinopathy (DR), a leading cause of blindness in type
1 and type 2 diabetics, is a complication of diabetes which produces damage
to the blood vessels inside the retina. Diabetic retinopathy can have four
stages: (1) mild nonproliferative retinopathy, wherein microaneurysms in the
retina's blood vessels occur; (2) moderate nonproliferative retinopathy,
wherein some blood vessels feeding the retina become blocked; (3) severe
nonproliferative retinopathy, wherein many blood vessels to the retina are
blocked, depriving several areas of the retina with their blood supply; and (4)

proliferative retinopathy, wherein new, abnormal, thin-walled and fragile-
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[ 15] Di abetic retinopathy (DR), a |leading cause of blindness in type 1 and
type 2 diabetics, is a conplication of diabetes which produces danage to

t he bl oodwoessdleso4onsi de the retina. Diabetic retinopat RgTABR1ATISSE our
stages: (1) mld nonproliferative retinopathy, wherein mcroaneurysns in
the retina's blood vessels occur; (2) noderate nonproliferative

reti nopat hy, wherein sone bl ood vessels feeding the retina becone bl ocked;
(3) severe nonproliferative retinopathy, wherein nmany bl ood vessel s to the
retina are bl ocked, depriving several areas,of the retin lﬁtnh th bI ood
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out cone of urwﬁ@d angi ogenesis. In ocular tissue, angiogenesis is the

nmost common cause of blindness. Proliferative diabetic O(/et' no gt hy is
characterized by r[@ﬂ5haTh%P63U>Q¢@§§§IaW%'B|Me§ﬁ aSFOFIRLS
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exudat es wi t_h'ﬁ& "%ﬂ%&omfa%tCéHS%P?Pﬁ%é IE‘?m?H% qt'ﬁe{ep'ﬁﬁfé}%gﬁ

Di abetic Reti %@BX/ @flﬁal%léé@‘éé§§é!|n@éur§@ﬁ12if'tl$@iﬂtn@@>%sl RAgeatiagsd s with
di abet es t hat ave ebrlrtating i npacts on visual acuity, eventually

| eading to bImadnlesdegéaenaélnnsswdlmm efdhedeaellap DVE and DVE occurs after
breakdown of the. bl.ood-r.eti er, I | d
hyper per meabl & ISPy "599'%@ fgﬁa"hﬁ %ﬁgﬁ&@?#@%rqﬁ{jﬂl lﬁ%égq%ﬁgl il ggg‘}js’om at ed
wi th choroi daheRitmgRIRAIZAENYIaRgnet rati ng damaged or di sorgani zed
Bruch' s nmenbrane.
Diabetic Macular Edema
[017] Diabetic Macular Edema (DME) is described as a thickening of

the retina and/or hard exudates within 1 disc diameter of the center of the

retina. DME and Diabetic Retinopathy (DR) are microvascular complications
in patients with diabetes that have debilitating impacts on visual acuity,
eventually leading to blindness. Patients with DR can develop DME and DME
occurs after breakdown of the blood-retinal barrier because of leakage of
dilated hyperpermeable capillaries and microaneurysms. Like DR, DME is
associated with choroidal neovascularization penetrating damaged or

disorganized Bruch’'s membrane.

Angiogenesis

[018] Angiogenesis (also referred to herein as neovascularization) is

the process whereby new blood vessels are formed. Angiogenesis occurs
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Angi ogenesi s [ 18] Angi ogenesis (also referred to herein as
neovascul ari zation) is the process whereby new bl ood vessels are forned.
Angi ogenespD=000m4s  normal |y during enbryogenesi s and #€TalSopuomsgsse and
occurs in fully devel oped organi sns during wound healing and pl acent al
devel opnment. I n addition, angiogenesis occurs in various pathol ogi cal
conditions, including in ocular di seases such as di abetic retinopathy and
macul ar degeneration due to neovascul ari zati on. Recent studies have

suggest ed t hat al ti in B h' ied .b h i
heext r acel IAAPIGEH I SRONeEeBENP AL VER S HuBbe 5t H caged
producti on ofgVE@pddiongahistid uMhd WotRaHYallay apeaQiassvbpdeverspraen( wak, et

al.). Furthernore, animal studies (Kwak, et al) confirmthat normal RPE
cel I s and i ntaxsitiasr, wogicganssis eerairpirovartdaisspahological copdifpasHead®g iBarri er

Bruch < monor e Qoepgsa ey HabBL? refidiph ol NG dageneraietle, o

nmenbrane, i nnemeevhsagangation. aRecsnt stidids tagk asgyested)that alterdtions ir
col | agenous | ayers. This extracellular matrix meshwork beﬁéjween t he Retina
Ay

Ei gnent Epi t HaUChlS embyace peeompanieddycsnansieg in she exts laneiteds and is
nown to und ; Q&ETP ; } h9fi rin

agi ng. Bruchﬂggﬁe%ﬂéﬁép{sg&aﬁggé:@?@ﬁzﬁ%ﬁ% cy @sucggﬁgjéé%fgﬁ;)ﬁ%@gd s?ress
as a result ofitrcblesmididinebvasculadzdtiont (Kngpkwet Bt freirthaerdioss, anipahstudied t he

mechani cal properties of Bruch's nenbr re critic tp, its physiol ogy
and ability F(%Mn@f ?Bﬁoﬁ r'ﬁﬁh%tchgm%?ﬁﬁg]ﬁ and HE?G&HCQ&F@?@%{%@ES and
the vascul ar'&séade@wgc?l%r%@%nm@aﬁb%em Vdatuldmavadias tiost the of Bruch's
menbrane decreases nearly wth aging after the age of 21, with an
approxi mat e rakaueiti on of 1% per year. Bruch's nmenbrane and retinal pignment
epithelial cells [20] In normal eyes, retina pignent epithelium
(RPE) forns a

Bruch’s membrane

[019] Bruch’'s membrane is a pentalaminar structure composed of the
RPE basement membrane, inner collagenous layers, middle elastic layer,
and outer collagenous layers. This extracellular matrix meshwork between
the Retina Pigment Epithelial (RPE) cells and the choroid is 2-4um is
thickness and is known to undergo structural changes and chemical
reconfiguration during aging. Bruch’s membrane is under constant cycles of
pressure-induced stress as a result of choroidal flow oscillating with the
cardiac rhythm and the mechanical properties of Bruch’s membrane are
critical to its physiology and ability to function as an effective barrier between
adherent RPEs and the vascularized choroid. Studies have shown that the
elasticity of Bruch’s membrane decreases linearly with aging after the age of

21, with an approximate reduction of 1% per year.

Bruch’'s membrane and retinal pigment epithelial cells

[020] In normal eyes, retina pigment epithelium (RPE) forms a
hexagonal cell monolayer lining Bruch’s membrane internally that separates
the neural retina from the choroiocapillaris (choroid). RPEs are responsible

for maintaining the integrity of the neural retina, choriocapillaris, and Bruch’s
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hexagonal cell nonol ayer lining Bruch's nenbrane internally that separates
the neural retina fromthe choroiocapillaris (choroid). RPEs are

responsi bWe 20twospabnt ai ni ng the integrity of the neural PCELSAE /058856
choriocapillaris, and Bruch's WD 2011/ 069046PCT/ US2010/ 058856 nenbr ane.
The integrity of the RPE layer is maintained as |long as there is proper
attachnment to Bruch's nenbrane. Wile the correl ation between age- rel ated
structural changes in Bruch's merrbrane and cellular changes in RPEs are

unknown, it is knovvn t_hat es. in B uch' s nbr

precede cel | UN&MPERhg 'iniﬁgig iﬁ ﬁ@%@g?ﬁ/\ﬁ B B@d gﬁge'l%ﬁgﬂﬁ%fggé
changes in at;?] BEON Bt chridhiMo\BiuchRl Abbeard. VTRl Bdlcaraiation PeesssPage-
profiles of the overlying RPE. At this tine it is not specifically known

whi ch struct uezatecd)strunwmalamangaam@&uctms Brangbragerantheelhdargghandes ponsi bl e

for age-depe effe ts on. t

changes wit hﬂ%‘g%?@é‘ﬁ“g' ﬂ%WBr'éhse tt%@éslfru%ﬁqr {ﬁad]dégdﬁsﬁpl on%BEEhor nal

proteins and hipi ﬂ@ced@mmmmbsr@mm sakignweldepadbeiandnaintinduce

structure, and changes in the |igand bindi n? sites necessary, for ?el I

attachnment. changes in attachment, surV|va| proliferation, and gene expressmn profiles of
the overlying RPE. At this time it is not specifically known which structural or
chemical changes in Bruch's membrane are responsible for age-dependent
effects on RPE. It is know that there are numerous changes within Bruch’s
membrane with age including deposition of abnormal proteins and lipids,
topographical reorganization of protein matrix structure, and changes in the

ligand binding sites necessary for cell attachment.

Treatments to Modify Bruch's membrane

[021] There have been attempts to alter Bruch’s membrane by
systemic dialysis (Fell, AJ, et.al.) and to repair (Del Priore, L) or reconstruct
(Tezel, TH, et.al.) Bruch’s membrane to restore normal barrier function and
increase RPE attachment. If successful, Bruch’'s membrane would regain its
ability to prevent choroidal neovascularization (CNV).

[022] Over the last several years, strategies for eliminating abnormal
blood vessels under the central retina (macula) have been shown to help a
significant proportion of patients with the “wet™ form of age-related macular
degeneration (AMD). Unfortunately, these vessels often recur because the
underlying structural defects in Bruch's membrane are not repaired. In
addition, no treatment is available for the restoration of the retinal pigment
epithelium (RPE) in patients with the “dry’ form of AMD (without abnormal
blood vessels), again because of underlying defects in Bruch's membrane
that prevent RPE cells from adhering to this structure to reform an intact
monolayer. In either case, a method is needed for local restoration of the

integrity of Bruch's membrane that will prevent the ingress of neovascular



Treatnments to Modify Bruch's nenbrane [ 21] There have been attenpts
to alter Bruch's nenbrane by systemc dialysis (Fell, AJ, et.al.) and to
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rel ationships_in th cul X r_di i - i [oF:1 i mport ant
nmol ecul es bet%éﬂ'dcﬁgEi%,ﬁﬁ%Eg’ g](r%dréjéec{{ogzﬁgﬁ}?gérﬁéégé%ﬁgjﬁgﬂﬁg%%{eri al to be
resilient w tdyufselbhi slastdityedrashoché wvemdbnitie doethayiticay der surgloallgo that it
can be surgically delivered intact to the subretipal ace. . Anot her

desi rabl e quadelivgradintagide dragybistingl space. AnOthZA{]esﬁéggn‘Hu%%ﬁ cation

20090306772 i he inplantation of a tenporary structural barrier
bet ween t he %éﬁééu%%?ﬁgﬂﬁnderl ying choriocapillaris, the scaffold serving

as a tenplate to gbbalv Phese Publitatitr 20090306773 deiseribeshenintplastatioaioh a new

basenent nenbrane structure effectively siml to tiv ruch's nenbrane.
The i nvent i orP H¥ERPTAR: SHEURRIRArFeh bet eﬁ”ttﬁerlﬂgp%iapdgﬁeB'Pﬁ@ﬁy'ggrrerrbr ane, the

structure un drb@c@?ﬂ%ﬂ%ﬁ%ﬁ}d’aﬁo@@eﬁ R4 1&ApRits tBIGW thds Bodte of early,

fundanent al danage e exudative (wet) and atrophic (dry) forns of
AVD. | n cert astrucuiesdo dierdasyn ehd maintain acevehasepenpoieyrrane seafurel ds f or

the treatnment of retinal djsease through inplantati on of. .Structures
in the subr et‘?fﬁ%ﬂt'v@ RDilgE {Oan%ﬂj\{ﬁ %E{C%(Sgﬂnﬁmfmﬂﬁ%ﬁ“%ﬁme&ﬁ ngﬁlk?éss bel i eved
that by form RgidsSBPR St reddist Bruah'siembedne) ahaveactune uRBErigng tidie
under |l ying choriocapillaris, the scaffold serves as a tenplate to allow

these host stRBEtintee eye andecansiitutingdthasitaiadiearinvgundamental damage in both
2011/ 069046P%/e%§<%%%9(18?\ﬁ§66and atrophic (dry) forms of AMD. In certain embodiments,

the invention employs polymeric scaffolds for the treatment of retinal disease
through implantation of these structures in the subretinal space of a subject
(e.g., human subject). It is believed that by forming a temporary structural
barrier between the RPE and the underlying choriocapillaris, the scaffold

serves as a template to allow these host structures to lie down and maintain

8



a new basenent nenbrane structure effectively simlar to native Bruch's
menbr ane. Conposition of ECMin Quter Layers of The Eye [ 25]

Ext racel Iwbap1iape4sx ti ssue (ECM) is predom nant in Bru®RTASeE0iosssse, the
mul ti-layered connective tissue |ocated beneath retinal photoreceptors and
retinal pignment epithelium Bruch's nenbrane is conposed of coll agens,

gl ycosanni nogl ycans, proteoglycans, and gl ycoproteins. Collagens include
Types I, 111, 1V, V, and VI. Proteoglycans include decorin.

G ycosam nogl ycans include chondroitin sulfate and derpatan syl fate.

d ycopr ot ei ns? NAYIRAFEM 'rﬂ?rﬁ‘géﬁﬂf ?W%&B%% qcﬁl_veﬁl/ S F’g%%' %EH’CI%T? has been
identified inmtgik®ed. tissues, and in Bruch's nenbrane, and it is reported
to be inportant 1 n the devel opnent of Bruch's nenbrane (H rabayashi,
et.al., Medical Electron Mcroscopy, 36: 136-146, 2003) and in

differentiat'o of .retina Ial on cIIf.l( natani, et.al., lInvestigative
Opht hal nol ogiBRASL|RN Ol Vg UL, 42V e P T ¥988F. Smal | Leuci ne-ri ch
Pr ot eogl ycans [ 27] Corneal collagen fibrils are associated with

nat ural bi ndi ng macronol ecul es including fibril-associated coll agens
(FACIT), such as TPgek Buatraceliuiar Mafaix kigSeeEalbris peedPramant in Bicfe-ri ch
repeat proteogl ( .S ] s 1

fi bromodul i n,%S%g)?gﬁ?’[}%?g@.“ﬁ#ﬁ%segscr?ag(rég%ﬁn%scéﬁ rer‘ls)glg%fj eﬁ%@m@ﬁ%ol | agen
fibrils to cofidteteckpturslandiretirblgsigmedt spittieliunz eBriaCVsangentiraag ison.  They may
al so be involved in binding fibrils toigetBer to I'm'ggxﬁthe ability of
fibrils to glGUePesest olrRllagRaEneYCOoSAIBRLRIl AR Y OGAINEAESnENY | exi bility but

limt the dis : D& d JEOW It Yeah9ssi IPrstebalvadds decorin
to ECMs to f l?r'% Br?@ﬁés ge?é%éel?ls @%m age}ﬁpefsi blrlir’rﬁ\)s{’ ahd Thus st aeblglyi@zeS ECM

The additi on intludeatesoghy Gipsodersinbglycass inaudeciprdreiiin suliate aed col | agen
fibril "growthy 1 esubbide. GREbBIShs itTRIlanthiPh Rl fi8ngeaRs-  Decorin
[026] Decorin has been identified in retinal tissues, and in Bruch's
membrane, and it is reported to be important in the development of Bruch’s
membrane (Hirabayashi, et.al., Medical Electron Microscopy, 36: 136-146,
2003) and in differentiation of retinal ganglion cells (Inatani, et.al.,
Investigative Ophthalmology & Visual Sci.,40: 1783-1791, 1999).

Small Leucine-rich Proteoglycans

[027] Corneal collagen fibrils are associated with natural binding
macromolecules including fibril-associated collagens (FACIT), such as Types
Xll, XIV, and XX collagen, and small leucine-rich repeat proteoglycans
(SLRP) such as decorin, lumican, keratocan, fibromodulin, and epiphycan.
These macromolecules interact with collagen fibrils to control fibril diameter
and stabilize ECM organization. They may also be involved in binding fibrils
together to limit the ability of fibrils to glide past one another. These bridges
allow some flexibility but limit the distance that fibrils can move. It may be
possible to add decorin to ECMs to form bridges between collagen fibrils and
thus stabilize ECM. The addition of proteoglycans has been shown to

prevent abnormal collagen fibril “growth” resulting from prior removal of

proteoglycans.



[28] Decorin is a nenber of a famly of small |eucine-rich repeat

prot eogl ycans or SLRPS. Decorin is an approxi mately 100kDa proteogl ycan
consi sti nyoab112ped@kDa core protein and one chondroitin POTfisk@nsssder nat an
sul fat e gl ycosam nogl ycan chain. Decorin interacts with collagen Type | and
I'l, fibronectin, thronbospondin and TGFp. Commercial, animal derived
decorin can be obtained from Sigm Chem cal Conpany and ot her suppliers of
bi ochem cal s. However, the present inventors procure recomnbi nant hunan
decorin protein from Catal ent Pharma Sol uti ons (known as Gal acorinTn).
Decorin core protein has recently been shown to interact with four to six
col | agen nol @g% (Orgel, et.al., PlosOne, 4:1-10, 2009) and to stabilize
inter-fibril gani zation of extracellular matrix structures.

[ 29] Decorin funct[DR8s Becarirt isssmenshertofla famllyaofdsmlgl@ucmmcf[r@cp@atn is a

hor seshoe shaped proteo h binds to coll.a

cornea forni n‘g @o&ly&@ﬁ@g{ry g 35%&0?'86%8 qp(ﬁ’r?%%ﬁ%y mlébarﬂogeoqqlﬂy”%gn
mol ecul es in éJh%letlh?rdfla Mk[bé‘céﬂi piokéth dnddrid éhorimbmh%lfbtb 6t adirhatae
fibrils and orient | ogenesis (Scott, JE, Biochemstry, 35: 8795,

1996) . Decor .sulfatqaglacesamlmlsecammw t Besodninierasts Wih collagar dypal and
| | f
ol e IoaPrSifP igliotsbbRa ABEEEFS &R, Bhinf derel -

dependent on ddreripi 2@ s Bbmiinenfremesigned Coehrlica)@orfipany had iothdrreippbenseal
stroma. Decorin binding is critical inlimtin collag}en fibril growth and

in control | i rff ieghesnicaisgdi@nevess theopresgBhinveRiors BreQirs reeRIERINGN
transparency {Ragdayedbyin ﬁ?ot@ln fror'ﬁx(]'?al%}%tﬁ% @olu@éﬁs (ke ki dg Studies of

effects of decorin onin vitro colTlagen ogene5| show 1 nhi bition of
col | agen fi brGhlagoomi™). dvetdrimccarageoiem has reacwlﬂyfdelelniskhodvratmmtﬂratgwm | M

d Scott, PG Co t Ti s R 8 97 De
o0 hos & mdnEl Y BlesemmalrsuiRs Lol et Plosiei4 G 2009 384 thrre.
bi ol ogi cal 1igang,4 ﬁ{tert fﬂ?ﬂll%%r% SGiSRtcH oﬁé‘ﬂré&éﬂﬁ!alﬂn@athﬁ%ﬂh@fur@@ of cell

grom h (lozzo, Chem , 274: 4489
down- r egul ati on of[OI@:pDe@rm fm;uoes asla tissBestakilizeRing prgeize;. @ﬁCO&QOS

WO 2011/ 069046P / US 010/ 058 6 997 (o] J.
cdin. Invest.S& hi jt V%?\/Fffr@ﬁ bg}dl ty}iolléégﬁ'@gﬁm pOSSI bl e
anti - adhesi Orb&ﬁé@%rﬁ‘llﬁ@é blden@'féih atté(chedlto talmﬁéigﬁbéﬁrﬁg(y@l)agehl9 743,
1996), inhibition of cancer cells ncer Res., 59:,

6192, 1999) amﬁlelchlﬂsbntth©ﬁbﬂl‘Oralﬁgﬁdb@%qféilbé”s( tae@mg t0e$taalhze fibrilsche, 21:
4765-4777, zoor?entﬁﬂ |ﬁ)<9&é3r{ba§|s %COEH JE, éuoc@e%str@?ﬂ%?%%%é@@ﬁ%@@&ﬂﬁ 2005) .

appears to be a ubiquitous component of extracellular matrices linking
collagen fibrils at specific binding sites (Scott, JE, et.al., Exp. Cell Res., 243
59-66, 1998). Corneal transparency is dependent on the size and
arrangement of collagen fibrils in the corneal stroma. Decorin binding is
critical in limiting collagen fibril growth and in controlling the arrangement of
collagen fibrils to produce a transparency (Rada, JA, et.al., Exp Eye Res., 56:
635, 1993.). Studies of effects of decorin on in vitro collagen fibrillogenesis
show inhibition of collagen fibril growth and increase in collagen fibril
diameter (Kuc, IM and Scott, PG, Connective Tissue Res., 36: 287, 1997).
[030] Decorin also has a number of biological/physiological
characteristics including; biological ligand for the EGF receptor and possible
regulation of cell growth (lozzo, RV, et.al., J. Biol. Chem., 274. 4489, 1999),
down-regulation of TGFg (Giri, SN, et.al., Biochem. Pharmacol., 54: 1205,
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Treat ment of AMD [ 31] As discussed above, there are no proven
treatnents for dry AVD. However, there are several approaches being

i nvesti gawoeaoivwbudi ng preventing the | oss of phot or ecepChEs2@005888¢ | nal

pi gnent endot helial cells using encapsulated ciliary neurotrophic factor
(CNTF) - producing cells, inhibiting the conplenent cascade using POT-4

(i nhibits conpl enent conponent C-3) and Ecul i zumab (i nfused intraveneous to
inhibit), and treating bl ood using a rheopheresis blood treatnment that uses

blood filters to deplete excesses qf larg ot ei n at n her

subst ances f ri®@7 Méedewgsy-T FW@?@Bygtf vﬁ g'%'ﬁlﬂ fIQI%N %83 ﬂ% :(;“?acul a and
potentially i Hﬂﬁg)ﬁ%‘nr@’ c\é'llsdtfé'&hm%"?%hdﬁfé%@fb?@gnff%ﬁhgg@nf&fecﬁé ea4] NGrdry AVD
i ncl ude consunption of antioxidant and z

I nc suppl enments [32] Unli ke
dry AMD, therWaaa;aYselan@dhwlgéTmlsmapp‘rQJWe@ bQ%hme}Aoorof@ade@r cells

ti gat to t wet AVD. Th | hi bi t
e oomat i o NaRh M kT CabRayBas s B 28007 RdoTahrinBfton . n™f Dt or”
(VEGF). Thesg, r%s'ué“gb%@ &%am@wengm WmeEMIE I EITRR; SRasihaihaunab

(Lucenti se), vacl zumab (AvastinQ), and Anecortave acetate (Ret aaneO)

Pat ent Refer ee’t@ésJ Biol. Cherp32_§__fﬁ83éf37&ét8|, ¥88@ss of decorin in stabilizing
the corneal stroma follow ng orthokeratol ogy procedures to redistribute
corneal tissue to correct nyopia and hyperopia is described in US patents
6, 946, 440 antlehtdhedt 86ANMENd i n Patent Publication U52009/0105127 In these
patents, the rTnventors discovered that decorin, other small feu0| ne-rich

prot eogl ycans, andOBibeds dissyesed above|thageas e P'F?Vﬁﬁtt(é?"’}lm?ﬂ“é% o dnp) e

hel i ces nol ec f f the
eye, to cr oss’l%(ﬂlﬂﬁi ’_si @glrlr%rl We'%l as\eé%&g F’ag a:';S E%%&gts a ghé/le re te‘%%}gtd r”ﬁ‘gg(ﬁhgg
corneal tissygefehtirgrhedoss bhphe’trommmgry; aridhrettinal plgermﬂtenldntfmﬂal eglls t he

i nventors have di scover?d tha]t decori.n aézf MTF?) to ti SSUGS in the
back of the NG 8NFRARSHAEH ALY BeHFOHRR '%f on %P&gﬁi”@eﬁ 8n, prevent
501 92 22t AT HSBRRIY thatadlahy POT. 4 wANSRILRDENEr

mai nt ai ni ng tdwnmrmmC‘z-éb pod EgfuliBameh’ (hfusatbiniaveageusiceiahibit) At er ent i at ed

fromthe preV|o i,cations for cor.n I

i ni st ot dFEAnodReY FRnece Treons ren ored Peahid e esdted iR 6

bi omechani cal gegfictai dxck¥s&¥ of @ﬁg@ PeotBiisdfRs ahaotears dseans®s! frarn gaa bived,

col | agenous, | anellar sheets the stroma. Delivery to Bruch's nenbrane is

i ntended to rtherabyiimpiadngtderd flow tedihe Macyipand @atqrtslﬁ"wmp@wr&v'a'&ﬁn ze the
t t t d
of at 1 east 1008 BipoRBDsE SR Eafng Unk AD MoKRIe Eopsu il & comPr s@

decorin to thntlarlantbntiheneygopements. be acconpl i shed by top| cal
adm nistration to the cornea for several reaso

g n ecul e is | ar ge
to diffuse readil y[0€>2} odighke dy /t\M&attWecﬁr@éﬁV%@Z aesm%%?prers?@ ﬁéélth%}%%z%d
endot hel i um  ang, J@5i&, Eggﬂéﬁ% réat @FﬂMlﬁ‘n'mw&e %g@ﬂfsa&ﬁﬁé'ﬁlg%c?bﬁd to

specific am no acid sequé&nces on col | agen eculeés 1 n the corneal stronn.
Ther ef ore, i nnhibisg am)bgemSlsthrougbltm hipciage vérgseusaBenddiheliangndivine,

decorin nmust gener be_direct adm tered o t he back of e eye or
to the outer fgﬁgpét(\?lzﬁ%i:)t ﬁ_@e&ﬁc"’f«g# g“%yé %@& %‘F'W‘ @%‘éq%‘éé}

subconj unct i vidhnibBlufitdt Qlicehlid®), tBé%%ﬁzdnﬁ'éH Wi dsting), and ARbtOavd s@starl er al
delivery, sub-tenon's injection, supra-choroidal delivery, or by other

appropri at e niRdtaale®).

Patent References

[033] The effectiveness of decorin in stabilizing the corneal stroma
following orthokeratology procedures to redistribute corneal tissue to correct
myopia and hyperopia is described in US patents 6,946,440 and 7,402,562
and in Patent Publication US2009/0105127. In these patents, the inventors
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[ 35] WD2005116066 descri bes decorin peptides useful for inhibiting

undesi rabl e angi ogenesis (al so published in Sul ochana ,et.al 2005). Based
on t he amyDaga®si4s | nhi biting properties of the pepti deSTIUSRVIANEL3S6 S
propose that the decorin peptides can be used to treat macul ar
degeneration. Simlarly, US 2009/0246133 Al describes conpositions and
nmet hods useful for targeting tissue undergoi ng angi ogenesi s, including
conj ugat es conposed of an angi ogenesis targeting noiety conbined with a

t herapeutic mpiety that includes decorin, useful for treatin i.abetic
retinopat hy herygeed daidegonncathgr SH\@QJQ%@%%‘.“&E.pro{eogfvcapéﬁ?ms\hg?re it is

known t hat d%%%k%tﬁdégglﬁ%&sﬁpﬁﬂ IAOGLORETBleTRIcHs holasde] &ia e useful o

treat diabetic re abetic macular edema and AMD associated with
angi ogenesi s ddlivered iwed theVE)rnealie thenfrent ofrtbe leyeetd cnosdlinksirondetenliagen

i ncludi ng reconbi nant hunman decorin core protejn can al.so be, used treat
or prevent drf&eAW SiaPy ﬁgdﬁdﬁgﬁ?@,ﬁeﬁgeﬁﬁéﬂ ES?LI‘%]LOQQW'?Q:Bfta?k?rﬁtaog?%' I%’&‘? s

bel i eved thi S, LESHABAtIGH, s AHRREABMAVE diQvekdPtHReeRYsEN daf Bel dpplied
stabilizes a ci organi zes (or reorgani zes) the extracellular matrix (ECM in

Bruch' s nenbrtarfisstues pir thedbackdeiitbe ysgatmaintain tg esracaiviar Aalsixmal ECM

1y | eads t o, basal i . - i1 .
format o anddrugatsa e aribRlo-RauRRIT ine REAIRERANS, BERGGREr usen
| at er stage tthatexbheellidesstlisotBruchiy eembrane Deeothapplicatprd fari s and

break through into sub-RPE and sub-retinal spaces |eading to the.
neovascul ar i ZB8iINGINGYLEEsganizatign ohRbichs Mssikrane &¢ ﬁ@@gltyrf&fe@ﬁaa@dabeti c
macul ar ede - 9 &hlp noLsdveby _rin's

ant i angi ogegﬁcrzor%-? @%grr%\{}gegfﬁé&?cr@fgﬂtg gér{rs asgpsg?g@%sthdod\?mp{) h%égﬁgcbri n when

i nj ected i nt adrhiaistidtivaamfsiecbriaro dme oaitnesds @ltendedtd inessassi itd ed Wit h any

adverse observatiops., Accordi ngly, the present. invention describ
conposi ti ons Ripepe ?'ﬂ'&@sStﬁgﬁi'%lgéé?rm'% Hgdﬁ‘?ﬁlgswb%ﬁﬂ Henell 8l93Ee% i ssue

col | agen-pontcgjf“g Qﬁo-ﬁéﬁtléﬁ%ﬁ } $hédts BREHd &tréBanBeMet) fo Bracist merhbramead
organi zation o ruch''s menbrane thereby preventing, retarding, or limting

t he progr essiiotendeddo suaigtain zatlistabitife Bralidhokgamizesioar. toIr'gorgsOMeHRY OF THE
ot hods for (PEEN et e g ey s BYERe AR Ve
AVD, and prevgnéadtdiverurfi§li@ydonagehebeldyerd.et i nopat hy and di abetic macul ar
edemn are 13 [034] Delivery of decorin to the back of the eye cannot be

accomplished by topical administration to the cornea for several reasons; the

molecule is too large to diffuse readily through the tightly organized corneal

epithelium and endothelium, and more importantly, decorin will

spontaneously bind to specific amino acid sequences on collagen molecules

in the corneal stroma. Therefore, in those application involving delivery to

Bruch’s membrane, decorin must generally be directly administered to the

back of the eye or to the outer layers of the back of the eye by minimally

invasive subconjunctival injection, traditional intravitreal injection, transcleral

delivery, sub-tenon’s injection, supra-choroidal delivery, or by other

appropriate methods.

[035] WO2005116066 describes decorin peptides useful for inhibiting
undesirable angiogenesis (also published in Sulochana ,et.al 2005). Based
on the angiogenesis inhibiting properties of the peptides the authors propose

that the decorin peptides can be used to treat macular degeneration.
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WD 2011/ 069046PCT/ US2010/ 058856 di scl osed. In particul ar conpositions and
nmet hods of stabilizing and nai ntaining organi zation or of reorganizing and
stabi | i ziwgQ 2B0M6ep@a6r et i nal tissue, including Bruch' s neROTAIS018/088856

di scl osed. These nethods conprise adm nistering to the eye of a patient a
conposition conprising a small |eucine-rich proteoglycan (SLRP) nol ecul e or
the protein conponent of a SLRP nol ecul e that crosslinks collagen fibrils
and stabilizes inter-fibrillar organization, contained in a

phar maceuti cal | ccept.abl ier, In one enbodinent of t i i on,

Er ot ei n, suc%'ﬁéaa}éc@gi 2?&@29%‘%%%“ HFSEWE)%SSWWQQIS'F'%ES @ﬁﬁm%ﬁﬁag}ﬁ%?fu:' gnbya
inding to at i id f inkl AHdi i i IoRi

nol ecul es, t(;m]t m&éﬁ%%diuﬁﬂggmgeéﬁm%%%n%ﬁyglr‘:dg%%@?%gh %téﬁ%gfﬂ(@? Setaoklle

i nvention, a girantagibyenresis targhting Mieetyrdombined Wibznthesapeuticcmaietk thait ocan,

o “Hibr Ui Lum . : ;
Col | agen 11 binigdsndCeedtsSnde! HBding ARBEIE ke Mhra LA e BRI 22 on.
[38] Additionahc@hi 86§Sneratdoadvant ages of the invention will be set forth

in part in the description which follows, and in _Part will be obvious from
tB_e descri gti gn, d93@£y\/\/l51de litdaknewnyghapderarincexhibpits arti-eRgegENSACtYRS

obj ects and adv t I At k: j i b
Teans of -t he DXCMAHIERRprbidft R AR s8libondifyr FBbLAEH AT rRideMd gy °Y

appended cl aiAMD ddsdciatéd with amylegerianisl (itehavehaMD)i the ihoeriges hgveémedal
description and the follow ng detaj] ed descri | ar

. ) tio d
expl anat ory dhag/d%ﬁm'nawl%ﬂgW@%mewmBuwntc%@i?'ﬁxfgﬁ%eipgﬁ)’(ﬁg' %a%¥§gﬁ’§d.
V. DESCRI PT1 O\l By 1) e JEMp Ut AMD. vvitﬁb‘ﬂtlb% bOYENIPIHe havieulkpund t hat

col I agen fi brils Tn T sslie In the outer layers of the eye, particularly
in the nmultilthyeneit iSbeldved Mistreainesntcurpréeerdioabis Iposeitleahecarsgatecosid, or

i zed, adm ni i h ! ,
or protel ns (MR ,2a] PrictRP BrgaRioRb ARt s P B P AT AE SRR (et or e, o
I'n addition, ghenisTHemiase t@gﬁavfeﬂﬂﬂévélbaﬁleﬁﬂdpélﬁk%rirr@dl EO. extridielal al cel |

| ayers in ocular tissues can be stabilized by adm nistering to the eye one
or nore prot dodgMyeantualeleads o basglrlaménaian basal linear deposits and soft

drusen formation and dissociation of the Bruch’s membrane. It is only at this
later stage that blood vessels can sprout from the choriocapillaris and break
through into sub-RPE and sub-retinal spaces leading to the
neovascularization observed in wet AMD, diabetic retinopathy, and diabetic
macular edema. Thus, treatment of dry AMD does not involve decorin’s anti-
angiogenic property. The inventors have also shown that decorin when
injected into the vitreous of an animal model is not associated with any
adverse observations. Accordingly, the present invention describe
compositions and methods for stabilizing and organizing retinal tissue
collagen-containing extracellular matrix to maintain the structure and
organization of Bruch’s membrane thereby preventing, retarding, or limiting

the progression of disorganization of Bruch’s membrane.

IV. SUMMARY OF THE INVENTION

[037] In accordance with the invention, compositions and methods for
treating or preventing dry AMD, preventing development of wet AMD, and

preventing or delaying diabetic retinopathy and diabetic macular edema are
13



In order that the present invention nmay be nore readily understood, certain
ternms are first defined. O her definitions are set forth throughout the
descri pt iwo 20f1/a6bh@éenbodi nents. Definitions [ 40PCTAS01085885€ d
macul ar degeneration” - degeneration of the macula, which is the part of
the retina responsible for the sharp, central vision needed to read or
drive. Because the nmacula primarily is affected in AVD, central vision |oss
may occur. Two forns of AMD exist: wet type (exudative or vascular) and dry
type (non-exudative, atrophic or non-neovascul Di abeti c

) . .. .41
Ret i nopat hy- dﬁ%ﬁﬁd cinrRa 'ﬁ@ﬁé?ﬁ'ﬂ’/‘p%'t'ﬁn_ﬁ?@ d‘gﬁ@%ﬁ&{ﬁ?b&mﬁ%@]‘? etina and
| nvol ves capid diafainih§ Hgaizafish bEbt RdkgaRERGIHR sthbiiking! EChI iAGBARAICA
pat hways are i1 nvolved 1 ncluding pro UC?I on of vascul ar “endot heli al cell
gr owt hbf ?pt onis(sM?Gﬁmluldhaj Bna?clr@emengtlﬁamasamel discigssdi ohesenvethwsisccormnisng ar
perneability, and colla t -retinal..b ier. . P [
Gi bot i o et PAGRASH oL Rge el o BetiT & SuBBRieh oRiProLl S80ETS “ana
bi ochemi cal ¢M%—$ich%r&é®%&?gﬁ7§@ﬂﬁok%;orthe proteirffédmpbabst dfa Macul ar

Edema- Di abetic Macul ar Ede _ I's described as a_thic eni_nq of the
retina and/ orSURR thairodettbat eiosslinksicalipgen dibelsenst stgbilizae intehtinllagf ¢ he

retina. DVE and Diabetic ' t ) r.,.C jcations
in patients \ﬁrg?{]'6‘%&%&@&%&%&%%\@%@%@? ﬁﬂyrr?gcgléﬁ%giﬁcgé@ﬁr'vﬁ{s@g acuity,
eventual |y | eastharmient b tHedineastiorPat prongia, sidrhadRecann denespropeiVE and DVE
occurs after breakdown of the bl ood-retinal barrier bec#use f | eakage of
di | at ed hépercﬁ@?%ﬁbbf[@ saliagandiibrds by hinging ixahleges dyve different %P{"S i s
associ ated w ' s QA I ' d r

i sor gant zed B SOl ARRER SRR RGBTAR BWRenIATMINET i gni v
sensitive pardmisdditient bétieniaveetqyrespiloteodiyeand suah lasdieveniny biglycasi on.

441 "Bruch's Menbrane"- is the i.nner.nost | .ayer, of i d ' '
E)f ] epll\é)ehycan, Eeratocan, mimican, fiboromoduhn, Iumlcatnhgr é:nhyoégﬁwgln%ﬂgr?' sting

thereof, crosslinks collagen fibrils and stabilizes inter-fibrillar and cellular

organization.

[038] Additional objects and advantages of the invention will be set
forth in part in the description which follows, and in part will be obvious from
the description, or may be learned by practice of the invention. The objects
and advantages of the invention will be realized and attained by means of the
elements and combinations particularly pointed out in the appended claims.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

V. DESCRIPTION OF THE EMBODIMENTS

[039] The inventors have found that collagen fibrils in tissue ECM in
the outer layers of the eye, particularly in the multilayered Bruch'’s
Membrane, can be stabilized and organized, or reorganized, by administering
to the eye one or more proteoglycan molecules or proteins that crosslink and
organize the collagen fibrillar structure. In addition, the inventors have found
that endothelial and epithelial cell layers in ocular tissues can be stabilized

by administering to the eye one or more proteoglycan molecules or proteins.
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five layers conprised of extracellular matrix conponents. WO

2011/ 069046PCT/ US2010/ 058856 [45] "Retina"- is a light sensitive
ti ssue |iwDngittdeeodonner surface of the back of the eye. PChaSepviosssseof t he
eye creates an inmage of the visual world on the retina, which serves nuch

the sane function as the filmin a canera. [46] "Retinal tissue" -
is a termused to enconpass the retina and its associated tissues,
i ncludi ng Bruch's nenbrane and the choroi ds. [47] "Choroids"- is the

vascul ar layer containjng connective tissuye of the n en th
ot i na and 1 HB cGgrdnal the present yphiag mepie Most PratudheSp b, L "o
the eye or t h@inflé QF@HI%”C d@ﬁﬁé@CUtMér dé’ﬁﬁ|l%n§ aeedet §brih ﬂﬂoggﬁo@tqﬂéal ni ng

col l agen and el astic [49] "Angi ogenesis"- I's a physiol ogi cal

process i nvoldesngphcbreogmmboﬂmnmvtsbl ood vessels from pre-existing
vessel s.
Definitions

[040] “Age related macular degeneration” - degeneration of the
macula, which is the part of the retina responsible for the sharp, central vision
needed to read or drive. Because the macula primarily is affected in AMD,
central vision loss may occur. Two forms of AMD exist: wet type (exudative
or vascular) and dry type (non-exudative, atrophic or non-neovascular).

[041] Diabetic Retinopathy- Diabetic retinopathy is a microangiopathy
of the retina and involves capillary leakage and retinal ischemia. Multiple
biochemical pathways are involved ihcluding production of vascular
endothelial cell growth factor (VEGF) that causes neo-vascularization,
increased vascular permeability, and collapse of the blood-retinal barrier.
Progression of diabetic retinopathy is age-related and associated with
structural and biochemical changes in Bruch’s membrane (BM).

[042] Diabetic Macular Edema- Diabetic Macular Edema (DME) is
described as a thickening of the retina and/or hard exudates within 1 disc
diameter of the center of the retina. DME and Diabetic Retinopathy (DR) are
microvascular complications in patients with diabetes that have debilitating
impacts on visual acuity, eventually leading to blindness. Patients with DR
can develop DME and DME occurs after breakdown of the blood-retinal
barrier because of leakage of dilated hyperpermeable capillaries and
microaneurysms. Like DR, DME is associated with choroidal
neovascularization penetrating damaged or disorganized Bruch’s membrane.

[043] “Macula’is a small and highly sensitive part of the retina
responsible for detailed central vision.

[044] “Bruch’s Membrane™- is the innermost layer of the choroid
consisting of

five layers comprised of extracellular matrix components.
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[ 50] "Neovascul arization"- is the formati on of functional m crovascul ar

networks with red blood cell perfusion. [51] "Choriocapillaris"- is
a layer obVocapidebesi es that is inmmediately adjacent to BCWAlS2&10/ve885¢ ane in
t he choroid. [52] "Stabilizing" -includes increasing the tissue

rigidity or resistance to stress. "Stabilizing" can al so nean decreasing
the ability of one collagen fibril to nove relative to another collagen
fibril by virtue of increased internDIecuIar i nteractions. [ 53]
"Extracel lular Matrix e ex eIIu rt of ssue

that usual l'y provil§és] s‘hﬂmr'ﬁla p°‘8|n§' '13’% SRS L{H‘P eémqréqrfﬁcgd)éttm on to
per form ng Var?écckuéf tAE Rk, 'Tﬁ@ééﬁ’éﬁt of tHE &y USated i lﬁiggea@fethb%s‘—lfal MR X 1S

the defining Teature of connective tissue i n animls.” ECM cont ai ns
col | agens, prat theglefioanwahiai wueamuqmdgbmnsfu@haetaSrtheélllrvdl@QrQﬁr@fbrﬁs, and

hyal uroni ¢ aci d. 1 54]  "Crossl.i e udes . bot h
direct and i ndiredP4Bbn (ﬁl[seiﬁéﬁ W’:}%Lf?td% g?r%ﬁsg 8I Inggé\?%ﬁgﬁgféstln%ﬁrf%%

bonds i ncl ude;&Raltenttidaord, helumid BRudPes WRefbraRe aMdtaeahotoitls. one col | agen
fibril and an amno acid in another fibril. For exanple, decorin is a

hor se- shoe shaped [PAd} edgioyeigis tinde NAsRIak lgyebsonigking ceniecive dishueneh
col 1 agen ol afg28 VRS s ifBeeBin Bt sdel Osoese the i bri1 or in
adj acent fibrils, [oaBpir8riéra’sisahé bpagué,bhite parrd tis epaor theofiblouegenesi s.
scott, JE B Sr%?gcqrvgt glgter\lgy}er o:??he g%‘:’ %gnt%azn%r?g s:ol?aggn and elastic fiber.

[049] “Angiogenesis™ is a physiological process involving the growth
of new blood vessels from pre-existing vessels.

[050] “Neovascularization™ is the formation of functional
microvascular networks with red blood cell perfusion.

[051] “Choriocapillaris’- is a layer of capillaries that is immediately
adjacent to Bruch's membrane in the choroid.

[052] “Stabilizing” -includes increasing the tissue rigidity or resistance
to stress. “Stabilizing” can also mean decreasing the ability of one collagen
fibril to move relative to another collagen fibril by virtue of increased
intermolecular interactions.

[053] “Extracellular Matrix or ECM’- is the extracellular part of animal
tissue that usually provides structural support to the animal cells in addition to
performing various other important functions. The extracellular matrix is the
defining feature of connective tissue in animals. ECM contains collagens,
proteoglycans, glycosaminoglycans, elastin, glycoproteins, and hyaluronic
acid.

[054] “Crosslinks” -includes the formation of both direct and indirect
bonds between two or more collagen fibrils. Direct bonds include covalent
bond formation between an amino acid in one collagen fibril and an amino
acid in another fibril. For example, decorin is a horse-shoe shaped

proteoglycan that binds to collagen fibrils in human cornea forming a

bidentate ligand attached to two or more neighboring collagen molecules in
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[55] A "protein that crosslinks collagen fibrils" includes proteins that
formdirect or indirect crosslinks between two or nore collagen fibrils.
Exanpl es wochudwdrdeconbi nant human decorin core protei nPCTASC@0I08856

[ 56] "Decorin" includes any of the proteins known to the skilled artisan by
that nanme, so long as the decorin functions as a bidentate |igand attached
to two or nore neighboring collagen nolecules in a fibril or in adjacent
fibrils. "Decorin” includes the decorin core protein and the proteoglycan
formunl ess the context makes clear that only. the protein |acking the
glycan is rreéh?.f'bf'hoﬁ)'é)rqqléﬁﬁ'ﬁrﬂ,br@%@@ﬁﬁ”ﬁgH?Bﬁ%i"ﬁ?eflbﬁ'!ﬁ A OfifBse proteins
encoded by a vard-aus al i ' rEosCH | 5 of the
human decori r?}béfeﬂégéﬂgss%r isggg, I!)I?l %@E@%ﬁslﬁﬁnﬁlg%ﬁwo %20. 3%?268eneral , the
human decorin prot[@bf] i A “Befeiarthatocrassloksioollager fibeisdindudesrproteiag that

sequence is set forth in REFSEQ nu r NP 001911. Vari Qus ations and
thgir ef f ect f@ﬁntdr'lr@CPﬁf Bdiect ¢ Sﬁlfnq%gtb%}”?ﬁn Pﬁr&?ﬁeaﬁgﬁgﬁﬁg' NFeen
descri bed, féﬁié;r?égi%)gliﬁclwe'F@é&ﬁ@ﬁbn?hut%bmde%@ﬁn odre Bratetemdecorvio). 271,

pages 3389-9 and those nutants that bind collagen are also wthin
the scope of the t[6b6] "“Teworinhjnclugdes anyt efthaadeteins krowair thendilietas the 179

Decorin o RESTROY TR GRS e e terebar dhnsins A0 A Hiud el aeg) )

various ani medttdchegue tweWraasre MEighborify coiagenadoleediesanenfibriianid y. Thus,

not only human decorin, but decorin from other species, i ncA g%idng, but not
linmted to, mdiaserdibrisowdeqsrigs inclugastheglacesn qargerotrincan rats, may
al so be used | t i t R & di decorin
t hat can be Lpsrggé@@eﬁa?n@%@%%ég‘%%%\é&pn@%% é%a?s thg%rtgcﬁrbﬁgnt human
decorin that |askiayahé ghicandeomemti & bgrticutam Gadalreprotdhainmudsothesieons.

d lated or_ungl ted f f decorin.can b d. F ts of
devor . whetNEISOEHRBIGRH AY 0¥ BT MBI ErTPALNGRES CHLy 2P el o8 Dol oyed
in certain e ér'i"a%ériﬁgehe%s%ﬁbé@%Z@éFgﬂ@NrﬁbéHNM iopnoge 3 Ipi dentate

ligand attached to two Or nore neighboring collagen nolecules in a fibril
or in adj acergerfdardk theshuman decdriB7jrofgsn iss RERe ACIdshR sizer AR itsraginaent |, "

"treating," and,the |like, refer, to i nin [ har, | ogi ¢ and/ or
physi ol ogi ¢ AF@EEIUAGH @aﬁ“ﬁéﬂ?h Hbﬁ%(ﬁinﬁ@%riﬁ%ﬂ%gﬁt ?\(/)gn%gjr% product to
a patient al rgagiiokSaMy theirert an e ditbiaetion Af Heestimuith collageh save

adm ni ster a conposition or product to a patient as part of a pro | actic

h
strategy to ibgerbiiesaripeddévep@pmpiatoydiargyarisehdle i doRIChED, Vﬁoﬁ% 'to be
iated with i t ical

sl () SATIRNAG PR oo USRI il Sl

patient schedukegobe df ke tgtn aleviorigi”cR isphodedorie vadantt knovouap tee1 09

i mproving the outcome of that surgical procedure_or oth .S duci ng
undesi rabl e sallebadargnkhebosmesatrli. Aerhron+ Yol §%’ RIFH ﬁﬂ\y%ﬁgég)dur e. An

exanpl € of 2 ORI Glsktinthe AldtRBhs bPiHdRvatBr sy IR parfticel fréi various
i Munosuppr essi Ve agent to a patient prior to the transplantation of an
organ or ti ssatmal Tisesd semice$, asit usstbdpragiuced cevembiranilyt rTeasmeeitordy a

condition or disease in ma |, particularly in n,, and i.ncl.udes:

(a)  nhi bitiﬁgj%ﬁ@%@ShHPf}P‘grﬁm@”&if &:y,‘grsii’a'?yea?ls,'”@V‘i}ﬁgf‘?%‘qtﬂg‘l'te% 6,

devel opnent ; @‘ﬂﬂa ) C{,@,gg ﬁig’;'b,f\g?e@gﬂg%‘i’riuéé bi@g, Rlice2 ki rats i galkkb&eC@swdi ti on
such as

or disease, , for exanple, causing regression of the condition or
di sease. in the BB3thads oh therawentiotalnye prohbumaradegasinthpeeait Bet o a

non-toxic solid,, semsoljid,, or. liquid.filler, di i

mat eri al or f%%'Ingﬁ?é’ﬂetgﬁyﬁquép?/ﬂyfeng%%{} '%@ﬁ\f&%%@ﬁﬁmt@ﬂgﬁi&&ﬁ{ e

" phar maceut i cigldyyil@sieaidinlercisiyy frbgr Catafert ®hdn®sl Solufloe cGhicesyiatett ot he
dosages and concentrations enployed and is conpatible with other

i ngredi ents ofinglyeosytatad farsaf deegrinegampe eised h & regments ok dgcosing Whetheat i on
t ai ni I t i I i [Ne W q t d
other componn @Bt o HRlsp it tadtgRsoflay IS BE S lied i GeraRn B, BT,

carriers incla@godiregntsa’se 00§ asithbsetraymentefuectiobabfebidsotaie ligasd such as
Bal anced Salt Sol ution, dextrose, glycerol, saline, cellulosics such as

car boxynet hyl cel | ul ose or hydroxypropyl net hyl cel | ul ose, pol ysacchari des
such as hyal uronic acid" and conbi nations thereof. The <carrier nmay contain
addi ti onal agents such as wetting or enulldifying agents, pH buffering
agents, or adjuvants which enhance the effectiveness of the fornul ation.
Topical carriers include liquid petroleum isopropyl palmtate,

pol yet hyl ene gl ycol, ethanol (95%, polyoxyethylene nonolaurate (5% in
water, or sodiumlauryl sulfate (5% in water. O her materials such as
antioxi dants, hunectants, viscosity stabilizers, and simlar agents may be

S o o . .



[ 59] Pharnmaceutically acceptable salts suitable for use herein include the
acid addition salts (fornmed with the free am no groups of the pol ypeptide)
and whi chwanrelfieeeed with i norgani c acids such as, for @eKaMSL@O/058856
hydrochl ori c or phosphoric acids, or such organic acids as acetic,
mandelic, oxalic, and tartaric. Salts formed wth the free carboxyl groups
may al so be derived frominorgani c bases such as, for exanple, sodium

pot assi um amoni um cal cium or ferric hydroxides, and such organi c bases
as isopropyl am ne, trinethylam ne, 2-ethylam no et hapol. nd. hi sti di ne.
[60] The ter r?étaq%ﬁéiiwitweaﬂf,mo"es@ﬁip@&?f,'“g Xﬂ%&??'“&'ﬁ?&“%éi‘i a*ﬂ%r!"‘”tl‘éed

i nt er changeah] a&@ﬁqurpﬂs_refer to a mammal, including, but not limted to,
murines, simans, humans, felines, canines, equines, bovines, porcines,

ovi nes, caprines, [6&ireAs ased hensianihedteans faeatadnds "gpating. aanddhs likeand

mammal i an pets . [61] Before the present inventi . t her

descri bed, i tref%r.tp@b%n{ﬂgd%fig '6%%1ppﬂ%a&ﬂ?g‘ciarqgécf{tﬁeryr?'qq@g'(ﬁ%ﬁe#{'n"?‘t ed to
particul ar enpodiiEptan GRPSINIsEath cadhpdsitibn BRYrodict GO Wl Sftieny alrgady kndwsn al so
to be understood that the term nol ogy used herein is for the purpose of

descri bi ng pdothiayel agorditioni Aelreaimeanit gan algp admifuster AICOMRAPIIA Ble i niti ng,
i th . t i i ' i mited. by th
Sppended cof aimod0s BALpRIGHEL pa YER kel HatebU1d BiyROKE P02,

ECM [ERkIdprheagsima Hisease or candition knowsl tordeealsdmeidted iwithca pbmads. | n
t hese enbodi nents of the invention, one or rmreﬁgrot e'}]qs ts“([a)t;(ve as .an
i nt er medi ary tréatmenbelmenciexRfRys¥ngical Brecgqere fRTBPNYIaCUGRERIMENtIS an

exanpl e of a Bf0hEhihdhianihRESehIE S ERleRgRedUIBd kb BnBYrddulkiRfidal Donds.

For use in the e Invention, decorin is generally dissolved or
suspended i n mropéysiedbotiieplippseafimpidiing thef dwtcomel afithahsurgisal

concentration of decori may. range .from,about 10 to,abo 000 . In
sone enbodi né?fpg‘?g‘ﬂrﬁeorc‘g%@’%??é?‘?%ﬂw HH&@%‘@%’%W&%%QRWFS%GFES %%%’?f%%o

pg/ m, whil e \iith H&lirgRiEP b ERIGS. Ih dinpIE of aFophpdttid BBatneertiotie 5000
pg/m. In still other “enbodi nents the concentration ranges from about 100

to about 1000adrgihistratisbmftarpipimuBosuRRIesHODaggnito,a aakent B te $eabout 800

pg/ M, about 350 to about, 700 . out walo 7 / or about
400 to about EHBR @tﬁﬁ‘?”8(ﬂ@rorg%%'?@)%hzﬁrégtﬁ“a‘%’ﬁeg% ‘g’/g?d. ﬁ‘%e% 4Gen fibers
by forming a 4y festnisgitet ercanditsroogdisehsaigea nidrimal, parigulbey iseduatant he

concentrations ‘described for decorin. 63] The buffer used as a
carrier for oanstieehkidest tinhiting the GoRditioaQr dseass SHRD Bat ABEFINDIS agen

fibrils is not_gcritigcal - ; - pfi theal |y
accept abl e bu#?\%#@méﬁﬁcﬁﬁggbg%nggﬁ [gZ?}f%\ﬂ'E% ngog}?pgﬁy‘%ﬁﬁg@hﬁi tabl e
buf f ers i ncl ufleedd=PESch B A anshlgneawllinty regresdian odithe ooiditiosappl i er of

TRI'S buffer should al so be acceptable). The buffer will generally have a
concent r at i orfif®@%8-about 0.005 to about 0.5M at a pH rangi ng from about 6.5

Ponr o o T IRV AR SRS D8 S R 08,1

7.4. solid, semisolid, or liquid filler, diluent, encapsulating material or formulation
auxiliary of any conventional type. A "pharmaceutically acceptable carrier” is
non-toxic to recipients at the dosages and concentrations employed and is
compatible with other ingredients of the formulation. For example, the carrier
for a formulation containing polypeptides preferably does not include
oxidizing agents and other compounds that are known to be deleterious to
polypeptides. Suitable carriers include, but are not limited to, water, buffer
solutions such as Balanced Salt Solution, dextrose, glycerol, saline,
cellulosics such as carboxymethylcellulose or hydroxypropylmethylcellulose,

polysaccharides such as hyaluronic acid,, and combinations thereof. The
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[64] An exanple of a decorin solution for use in the nethods of the
invention is one that is sterile and non-pyrogenic, and in which decorin is
present avoaotidwewntrati on of about 500 pg/m and is buPCESANI5885d Oniv
sodi um phosphat e plus 15mM NaCl having a pH of about 7.2. Qther proteins
that indirectly link collagen fibers by form ng a bridge between or anong
collagen fibrils may be used in this fornulation as well. Method of

Adm ni stering Proteins That Crosslink and Organize Extracellular Matrix in
Eye Tissues WD 2011/ 069046PCT/ US2010/ 0588 i ous net hods
can be used t‘@%ﬁfdﬂ?ygoﬁg%? @Pﬂpﬁafa%%ééwﬁ@ V&?‘FH”%P%&H@%@"%?Q%@‘%
fibrils in a P!Eéﬁ&mﬂ?é?éﬁw éwaau@énénumeh%nﬁaﬁbéﬂm@eﬁéan@m@sgamﬂq;nent a
solution conprising a protein that crosslinks collagen fibrils is applied
by minimally fomnmlatlme Jobehcarmiers ineludenfiqdd petrolaunadsepronsl palmitessi t r eal

el fvery. or FaRERe b dre RV o e Ry BOb S ST AT

contai ni ng prgdter, fbrts@dwrﬁf’rél@ryl QYIRS (8% ) ih@akacBtitdr hBRreyesuchnas amuectl on
t echni ques may I nvolve the uSe of mcro-needles, such as 38 gaug

ni cr o- needl e axidastsdrurappients: ivigceshaspdilizees, @-nl‘i’e"é'&l‘l"ééag%rﬂtsd’ﬂ%é@? ﬁdﬁF@ct i on

L, Bruch YRR Sl S HIOS GGy AUERcan, Fecy R g

protein that messskd mlkmu@thawmﬁedﬁrdaltlsnmayluldmgajprihemamplemj ecti on into
the scleral tissue, In certain enbodi nents, f i ver be by
ot St e e

transcleral delivdP§o USDW”@Q?HF'P%B@?PQW@% Q'Eeé'ﬂ Wi th
decorin and trh‘flﬂdé"t SE’I | 4 difish SR ﬁBﬁﬁéd’%thTﬁé?ﬂe@e&m% rolig§ BRtEue is

distinct fro opi c m nistrations because topical admnistrations are
rapi dly cl earpetydepdide) hadag/mg;h gmfmaieldywn‘/m tnorgenic éaidsdsusthsas, dedexample, not
provi de sufficient conta eral. tissue, ti ection
P67] The: et HBHENSEhBF Bhomiitrisreids v s oF 0 g ASh T2 6an el age of
the nmacul ar dg@geest iRaricTBts fofmeg it thesraeamBRYISgrbDes MRiYAIES bef
preventing devel opnent of age-rel ated macul ar degeneration, di‘abetic

retinopat hy, denyedifegseinarganisiiasessyeheas, Ve @nRIanseHigmMy Retassiuh, a

absent - s gnetmoblileaf 3§ R Grl R ] reRhE Bacte UG 0% gt

in the reti nasoﬁrbpylﬁhﬂﬁ@rmmeihyldmm@m eﬂfylegﬁmgreﬁphm@lahndtwsmnhw of the
retina pigment epithelium Synp i.ncl yde | oss of central

vision, vision di 4069k ildie ted@er E)?é‘é@u@ ) "ﬁldﬁ@?t semsitt At patientd reased
col or vist on.in HMU-RBLR! nleAbTbiet 16 S haRAMITHCldI Wit FoF [I9REE W Y. 1 N

the retina' s | s"t'hdt cou 0 nore evere orns wherein
new, abnor malmutites)-swaldnedhamdnkr felinks - calihes] douoas, besises spgcowst o suppl y

bl ood ovines, caprines, mammalian farm animals, mammalian sport animals, and
mammalian pets.

[061] Before the present invention is further described, it is to be
understood that this invention is not limited to particular embodiments
described, as such may, of course, vary. ltis also to be understood that the
terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the

present invention will be limited only by the appendéd claims.

Proteins That Crosslink and Organize Collagen Fibrils in ECM

[062] Collagen fibrils can be crosslinked by indirect bonds. In these

embodiments of the invention, one or more proteins serve as an intermediary
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WO 2011/ 069046PCT/ US2010/ 058856 to the retina, but which new bl ood vessels
may | eak bl ood to produce severe vision |loss and blindness. Henorrhages can
occur noreotharednrsée, often during sleep. Fluid can al s®@Craskono/nsssse he
center of the macula at any stage of diabetic retinopathy and cause macul ar
edema and blurred vision. Synptons of diabetic macul ar edema include a

t hi ckening of the retina and/or hard exudates within 1 disc dianeter of the
center of the retina, a thickening of the retina and/ or hard exudates

within 1 di Scingi ameter of the entq of iphF retina.. Neovasc%ar' zation
ori ginating fINErRWESE 106G YW %P'éﬂﬁﬂf F'Ssyxﬁf)‘f%fﬂ BraWet RS, ' abet i ¢
retinopat hy, Cpf’rggaiiﬁiﬂ?éi%rb&liﬁ%‘ébﬁég&dﬁmsfb? i?éiréﬂt%nﬁ_@ﬂi%@ﬁjs@ﬂn @he Bruch's

menbrane, in g separation of retina gnent epithelial cells from
Bruch's nenbrraathodacd dhelinugngioni decarin iageoerallyrissved of spsransiediing dry AVD

adm ni ster a disclosed conposj.tiqn.to i ent ¢ ol
synpt om of eift éfo'%ﬂ'w'wn%PatA%'FQ%@tﬁr Sshﬁ)@bhe eaés%gg{]b%ggﬁPﬁggé%\'r/heﬁ{aiyon,
net hods of prigugations avetit f/E aBbuS0MT gyRft iIRgoifeembogingsists otheof or
retardi ng the devel opnment of wet AMD, provide for the adm nistration of a

di scl osed corgstseniraion sanggsarerammbau P taabogha0@ Mol avhiledRLthR synpt ons
of dry AMD b Sl : I i o] . di ment s,
met ho)(;s of t%@?&%@%ﬁé}te 2 ﬁ?ﬁg%?gk%@‘? F]VO (\)/uet Eg)é)rini %¢@"eﬁ'?§8”§ ?scl osed
conposi ti on tembogiatertnthd batcdrdsationeangesrirom sbharts! 0fr tossbmt dES0qfg/mty AVD
but does not exhihit any signs or t f t or ex t he
patient does Fraut gPR;te; OHég(?éé‘WF’?ré\%%Hf ggﬂ?‘? ﬁ%ﬁ%%@ﬂghldésoé%(fal y, in
other enbodi %Lﬁ’?op‘i}p@?ﬁsaﬂﬁutﬂm‘ﬁ@%oﬁgmﬁ) pahl, or L8bLNAPAtd¥bansl abet i ¢

macul ar edema, or o eventing the progression of diabetic retinopathy and

di abeti ¢ macylgiml.e@her proteingéhdtandirentlydinitiaollsgeafibers oy faaming albsislge

o1 ndi g condiatigRe or among ot fitls flaTit B dEeliorbBeMBad gener al 1y
with respect d&ctibelfor@dimh. steps and the conpositions used. Were a range

of values is provided, it is understood that each intervening value, to the
tenth of the unit [663} hEhe bulier used as arfiasdey fona rrelaikitat dpway pY indiacht es

otherwi se, bet g@&k%%wggﬁgéougggn (iBHRlis bl ahl3hay BQ%XP%?% Adipat her

stated or int% t ha range, 1S enconpassed W thin

the inventi ornof phaemapeeticalychdceperblé buffess, slich be sensuted!lpgt phaspiede may
i ndependently be included in the snal]|er

W thin the | g GNNSSEYIARe DUBeECLHEd b ES T ANAGSa A chbihe
men Cae L8 U B RIS IR RELAR el ofnd Pl S,
i n the inventgenerally have a concentration from about 0.005 to about 0.5M at a pH

ranging from about 6.5 to about 8.5, although in some embodiments the pH

is from about 6.8 to about 7.6, while in other embodiments the pH is from

about 7.0 to about 7.4.

[064] An example of a decorin solution for use in the methods of the

invention is one that is sterile and non-pyrogenic, and in which decorin is

present at a concentration of about 500 pg/ml and is buffered with 10mM

sodium phosphate plus 15mM NaCl having a pH of about 7.2. Other proteins

that indirectly link collagen fibers by forming a bridge between or among

collagen fibrils may be used in this formulation as well.

Method of Administering Proteins That Crosslink and Organize Extracellular

Matrix in Eye Tissues
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[69] It must be noted that as used herein and in the appended clains, the

singular fornms "a", "an" and "the" include plural referents unless the

cont ext cWveaploethidet at es ot herwi se. Thus, for exanple, PETAISRINOM5E856 " a
subj ect pol ypeptide" includes a plurality of such pol ypeptides and
reference to "the agent” includes reference to one or nore agents and
equi val ents thereof known to those skilled in the art, and so forth.

[ 70] Unl ess defined otherwi se, all technical and scientific terns used
herei n have the sane nmeaning as comonly understood by one of ordinary
skill in the art to which this invention belongs. Al publications

Tent i oned her ei n, [bgs] Ugh AL DHERNS cdtAbe BbodRObpERLd Bsteinanst auBbirkal | ons

are incorporated here y reference in their entireties to disclose and
de;::rl be the aret bigasizesdaiagentfibrilsahsa fissueonatsies soeh astBrughs dhemheane.
publications are cited.,. 71] The publication I SC in are
provi ded sol éf‘fnfo?mgﬂ@'m?rﬁi géphg\lﬁ’}‘ecloﬂ?q ng 8 Aryiem ﬁq?ﬁgosékj{ﬁg%&%{ A
present appl iffsid %T‘apﬂﬂ_@'ﬂmmm&faﬂ%’ﬁh\)a%i\ieosuhﬁ:oﬁmti(/éllﬂﬁlje@ﬁomﬁr@dlmwi on that
the present invention is not entitled to antedate such publication by
virtue of priiotravitreahnjestionFiranseieral dakvart sub-tsmopiiiniedionopupiecrhieal may

be different fromthe act L.cat t ' ¢ ,
i ndependent | ﬁ%‘éﬂﬁ% Pﬁi?éf.OtHgg a&%i%k)bléfe @%@‘%ﬁ&gﬁeﬁgﬁﬁg‘gﬁ?@gﬁ%@?@w S given
by way of exaiptein entiysi@nihyess aothettmdrefithg eypr dhednjeatianyeakmyquses mayi ti ng
t he invention. [73] Reference will now be made in detail to the
present enbodnv@lMe the1se K& migkncReedas, sUsRAIPEEgauge micro-needle or other

appropriate gauge micro-needles, or direct injection into Bruch’s membrane
using micro-needles, such as a 38 or other appropriate gauge micro-needle.
[066] In other embodiments, the protein that crosslinks collagen fibrils
may be applied by injection into the scleral tissue. In certain embodiments,
the delivery may be by transcleral delivery using a collagen implant that is
impregnated with decorin and then placed in the conjunctiva. This delivery
technique is distinct from topical administrations because topical
administrations are rapidly cleared from the eye, generally via the tear ducts,
and so do not provide sufficient contact time with the scleral tissue.
Patient Selection
[067] The methods of the invention vary in part depending upon the

stage of the macular degeneration. Thus, in certain embodiments the
methods of preventing development of age-related macular degeneration,
diabetic retinopathy, and diabetic macular edema involve administration of a
disclosed composition to a patient in which specific signs or symptoms are
absent. Signs or symptoms of dry AMD include one or more of loss of
pigment in the retina, the presence of drusen, or geographical atrophy of the
retina pigment epithelium. Symptoms of wet AMD include loss of central
vision, vision distortion, decreased contrast sensitivity, and decreased color
vision. Symptoms of diabetic retinopathy include microaneurysms in the
retina's blood vessels that could lead to more severe forms wherein new,

abnormal, thin-walled and fragile-walled blood vessels grow to supply blood
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WO 2011/ 069046PCT/ US2010/ 058856 Exanple 1. Measurenent of Intravitreal

I njection of Decorin in the Rabbit Model [ 74] The rabbit vitreal
Repl acenewo 2Bl 10m9®tey was conducted at |nsight Biomed (| ®amMUS201IMEGSSSESi x
rabbit eyes received intravitreal injection of 0.5nmL of decorin (4.74nmg/
in 10nM NaPO4 + 150mM NaCl pH 7.0 follow ng renoval of an equal volunme of
vitreous hunmor. Contral ateral eyes served as a non-operated control.

Ani mal s were nonitored post operatively until recovery from anest hesia. At

48 hours the animal,s sthetize |ntra tion

Xl yazi ne ( 109/ Wg'l*ﬁ?) new@ﬁﬁ@%ﬁ)&y lﬂ? %855‘09 3%\9 re
Aceprormazi ne \A.ﬁ%? @Bﬂi’dﬁ’é%'sgpl‘é)norﬁ%‘ésV@neo@dr%&@ tHah RBck Opfteral 2. 5%
phenyl ephri ne 1% tropli cam de. At” 48 hours post i n|J ection, both

control and tdwmgesieege‘%lundemam gisadeak into thﬁc@fbrder phiheanaatpe aay s,ﬁ@e ohe

Rabbit Vitre d t

oy opar acal ne Wt etnaaanyaRLedisd BabEHr Edemp aft BlheEisaf By Fproms

0.5mivi treal 6f%$ébe‘%%rmla§ulaﬁébénraquamemlmnlr@roﬂ thel ratinabndior rhesqbonses

were determned to evaluate the inflanmtory res&onse to the test gahe
count

[75] Test matexudates witeionkpliserdiamatai-af e ﬁﬂ'ﬁfﬁf of {he fetiprea fickeng okt
Is 5 100 cel | gf %%ngg)grhca%{rd %Qﬁdgfé%rﬁ in nfecﬂgc gla'nlﬂét‘é%f fh%ség?ﬁére?ﬂ thelrBfisa t han

or equal to 1° eyes nus € scored non-i1nflanmmtory as
defined by th@eMs%Uﬁr@éﬁo@bngh@tlhgdmm choroids is[a7€ihn Arlsysiptoreyadsvedf t er

t t | t h d
Vitroal cell ANDnaiasels TebneRAtig A RRGUS AV R 45 PRIl 4 Sponae
of 0.28. Based Borﬂ ﬁgqﬁgmB?éﬁénééaﬁémgté@ba?ﬁﬁn SeHhh0p n@%@@?iﬂﬁbl%@béﬂé on, is

consi dered non-1nfl anmat or Angi ogenesi s nh| bition Test-CAM
ASSAY frdrﬁf Eru&e’semembtalm eAcccanddwiy @l oheraspect, indetBpds enprevenengl ear | y

O o T e A RLEOE e Ao et TR Rl RN RS ol oo
chori oal | ant ng?nﬂfgﬁpéfaélﬁ\e(rml\h@ drevdti ANBpedn e8s aspladely ottpadingdraidnby MB
methods of preventing wet AMD, or of preventing the progression of or
retarding the development of wet AMD, provide for the administration of a
disclosed composition to a patient that has one or more signs or symptoms of
dry AMD but no signs or symptoms of wet AMD. In still other embodiments,
methods of treating or retarding dry AMD involve administering a disclosed
composition to a patient that has one or more signs or symptoms of dry AMD
but does not exhibit any signs or symptoms of wet AMD, for example the
patient does not exhibit neovascularization in the choroids. Similarly, in other
embodiments, methods of preventing diabetic retinopathy and diabetic
macular edema, or of preventing the progression of diabetic retinopathy and
diabetic macular edema provide for the administration of a disclosed
composition to a patient that has one or more signs or symptoms of these
blinding conditions.
[068] The methods have been described generally with respect to
their method steps and the compositions used. Where a range of values is
provided, it is understood that each intervening value, to the tenth of the unit
of the lower limit unless the context clearly dictates otherwise, between the

upper and lower limit of that range and any other stated or intervening value
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WO 2011/ 069046PCT/ US2010/ 058856 Research Laboratories, Spinnerstown, PA
(Project No.10-18858.09). Results are shown bel ow denponstrating a dose
rel ated iwbi2bitvaeordoof vascul ari zation. Table 1. | nhibit iPOm/USR010/058856
vascul ari zation from CAM Assay Concentration 0 1.22ng/nL 2.42ny/ nL
4.87mg/ mL % I nhi bition

in that stated range, is encompassed within the invention. The upper and
lower limits of these smaller ranges may independently be included in the
smaller ranges, and are also encompassed within the invention, subject to
any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those
included limits are also included in the invention.

[069] It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an” and “the” include plural referents unless
the context clearly dictates otherwise. Thus, for example, reference to “a
subject polypeptide” includes a plurality of such polypeptides and reference
to “the agent” includes reference to one or more agents and equivalents
thereof known to those skilled in the art, and so forth.

[070] Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. All publications mentioned
herein, including patents, patent applications, and publications are
incorporated herein by reference in their entireties to disclose and describe
the methods and/or materials in connection with which the publications are
cited.

[071] The publications discussed herein are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is
to be construed as an admission that the present invention is not entitled to
antedate such publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publication dates which
may need to be independently confirmed.

[072] The invention described below is given by way of example only
and is not to be interpreted in any way as limiting the invention.

[073] Reference will now be made in detail to the present

embodiments of the invention.

EXAMPLES
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0 0.188 0.20 0.5 Exanple 3. Anti-angiogenesis Cell Tube Assay [ 78]
Addi tional studies evaluated the anti-angiogenic properties of decorin in
the Matriwel2ofiulseo4bor nati on Assay. This assay is one of PCmasamisiossspeci fic
tests for angiogenesis and neasures the ability of endothelial cells to
formthree-di nensional structures (tube formation). Inhibition of tube
formation is directly related to anti-angi ogenesis activity. Decorin was
found to be a significant inhibitor of tube fornation, equal to or even
nore inhibitory than the negative, control . |t htl bition
may be assocE¥a@gley: Measuementol iiyayirean NIechos B as wel |
as inhibitin pwt h factor stlrrulated angi ogenesi s. (see Fi urel Exanpl e
4. Stabili zaﬂgg%' of Bruch's Menbrane (proghegl c) ( ) : ™
[074] The rabbit vitreal Replacement Bioassay was conducted at

Insight Biomed (Isanti, MN). Six rabbit eyes received intravitreal injection of
0.5mL of decorin (4.74mg/mL in 10mM NaPO4 + 150mM NaCl pH 7.0
following removal of an equal volume of vitreous humor. Contralateral eyes
served as a non-operated control. Animals were monitored post-operatively
until recovery from anesthesia. At 48 hours the animals were anesthetized
by intramuscular injection of Xlyazine (10mg/Kg body weight), Ketamine
(50mg/kg body weight), and Acepromazine (0.5mg/kg body weight). Eyes
were dilated using topical 2.5% phenylephrine HCl and 1% tropicamide. At
48 hours post injection, both control and treated eyes were graded for ocular
inflammation as per the Rabbit Vitreal Grading Scale prior to removal of a
vitreal sample. Proparacaine 0.5% was administered topically prior to
removal of the 0.5ml vitreal test sample. Cell counts and ocular inflammatory
responses were determined to evaluate the inflammatory response to the test
sample.

[075] Test material is considered non-inflammatory if the vitreal cell
count is < 100 cells/mm?® and/or the overall mean clinical response is less
than or equal to 1. Non-operated eyes must also be scored non-
inflammatory as defined by the parameters of the bioassay.

[076] All six eyes after intravitreal injection with decorin (4.74 mg/mL)
exhibited an overall mean vitreal cell count of 2.92 cells/mm?® and an overall
mean clinical response of 0.28. Based on these parameters, the test
solution, decorin solution, is considered non-inflammatory.

Example 2. Angiogenesis Inhibition Test-CAM ASSAY

[077] Recent studies conducted for Euclid Systems have clearly

demonstrated the anti-angiogenic activity of human recombinant decorin core
protein. Anti-angiogenic activity was demonstrated in the standard

chorioallantoic membrane (CAM) in fertilized eggs. Study conducted by MB
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[ 79] The D Gal act ose- Treated Mouse Mddel is used to determ ne the effect of
decorin on stabilizing and reorgani zing the extracellular matrix of Bruch's
menbr ane. wbentl@9®@67BL/ 6 m ce (4 nonths ol d) are purcha®e/USea@aiosHsas | es
River (WIlmngton, MA). The animals are housed in plastic cages, kept in a
12-hour light-dark cycle and given a 4 week adaptation period. Goup 1,
consisting of 5-nonth old animals are sacrificed at the start of the study.
Goup 2 aninmals are given daily s.c. injections of D gal acotose, 50ny/kg

Dol acot ose, SeriTRG LABPIROTERIP Nt v i isisctiVe 167 8RB ) Resuts
Phosphat e Buff, 8§%%@%8@a45ﬁ§% 4 g4a %@5%!3{% l%%@oﬁfﬁé&la‘hzéh@nt reated

wi th Phosphate I ne PBS for 8 weeks. G oup 6 animals are given
daily s.c. injectiorEakle D—Ighimtlonazfe/asﬁﬂlaﬂzaj,ldmfrom Wé’d\ﬂsﬁsaﬁy then treated

with daily patravitreal—injeettons .g/

week. Group $°§F8"6"3\?'@ﬁ‘ dai l yYs. c. Ej?g‘,?élgﬂ's Qﬁﬁdgg@&lo 0Sé' %B%'Vlkg for
7 weeks and[% ed{w thgdai Ty mbr»pggtreal ingeptions (0. M) of
decorin (4.5 mg’&@ 1 weekO [80] After sacrificelat 4 weeks or 8
weeks, eyes are enucl eated and one eye pl aced in 2% par af or mal dehyde and
2.5% @ ut ar akdgipiesi Anf-P3Mderesdyten Fubsffseay pH 7. 3. The lens and

RPE/ choroid of the contralateral eye of each animal are djssected and
cryopreserved. Thd0é8htAdditional studies syablatechilsr anti-apgiogenispirreeriesd i s

ot roxi de | n N dBEIRANgeL A o AR iasEal PSR ol BERT AN ana
sectioned to gyerfiRftests fOp apgRYeness. andoeeasers the abiitypoheddothehalteelisitali ne

blue in 2%50|umborate Utrathin sectjions are tained with uranyl
acetate and IfeHn tBﬁQQ’@WW%)@HHPM@S@y @I‘ér@ﬂei‘tlﬂ‘iﬁ '&‘?E@@B;ﬁfﬂu [ 81]

El ectron mcr v AFSNRY
t hi ckness anﬁmﬁﬁggﬁe&déagrrg%?@gq\?gﬁ%g {bge%% a%dglgt osqgg%or?lergfwnent at 4 and
8 weeks, wi t hodrecas@gnifidaint kembitay aftislee farthadions heu@ towslevenmaoisonhibjtory

Conversel vy, ectron mcros val uation,s or ma ruch rane
t hi ckness an&hﬁBFlﬁ%Peg?hYﬁ'uC%n%nﬁF st Syﬁgmagé[\éﬁ%'opﬁna%ESﬁSﬁo?'?geﬁ&ﬁ
ani mal s (Saﬁest§§|||£é7tmrr9ﬂthén%dmélﬁa)l céﬂ |y a8 e | Paslinh@sifiny gRawtEhctBr uch' s
menbr ane thi ckness and normal Bruch menbr ane organi zation in decorin
treated ani rrestmntqlsmdeara@ogemsw(sgp&@mf@n@) at 8 weeks . This study is
expected to denonstrate the effectiveness of decorin in retarding or
reversi ng the devel opnment of macul ar degeneration in this ani mal nodel .

Simlar effepkampledegiasiigatidmof Biudhd M@nﬂd’nénéiwmbhéfr@)nt of human, dry AMD
or reversing critical events assoclated wth human, dry AVMD. Exanp Ie 5.

Preservation of CdOV9ktFhe Dualactose- Trea[tg@]\/lqlz@@el\/ipdgltlgdqsgg t@@ﬁ(‘ﬂm'% for
Euclid Syst |
endot hel | al - AN 6 AEFRAH 8 BiRnd Shy séshoBhHRERE et BF Skt 6P 108

i mprove i ntra@eichld menjorang uiFesnd|é ICE 716 Bmoé/édrrﬁfmm bkl) 9@ HGEHAased/ 001

002, 003). I t
’ ) Apfpoéwcghallr?ens River (Wilmington, MA). The animals are housed in plastic

cages, kept in a 12-hour light-dark cycle and given a 4 week adaptation
period. Group 1, consisting of 5-month old animals are sacrificed at the start
of the study. Group 2 animals are given daily s.c. injections of D-galacotose,
50mg/kg for 4 weeks. Group 3 animals are given daily s.c. injections of D-
galacotose, 50mg/kg for 8 weeks. Group 4 animals are treated with
Phosphate Buffered Saline (PBS) for 4 weeks and Group 5 animals are
treated with Phosphate Buffered Saline (PBS) for 8 weeks. Group 6 animals
are given daily s.c. injections of D-galacotose, 50mg/kg for 3 weeks and then

treated with daily intravitreal injections (0.1ml) of decorin (4.5mg/mi) for 1
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WO 2011/ 069046PCT/ US2010/ 058856 of exogenously applied decorin to the RPE
| ayer on Bruch's nenbrane will stabilize this critical cell |ayer and
prevent oeoebupserss or further devel opnent of choroi dal PAEAS2GI0058856 zat | on.
Such cell stabilization wll also reduce production of angi ogenic growth
factors (such as VEG-) associated with RPE cell disruptions that precede
chor oi dal neovascul ari zati on. [083] Wiile the present invention has
bﬁenI gegcri bed with reference to the specific enbodi nents thereof, it

shou e understoad by_those skil|ed in.the artth vario ma
be made and ¥R a&é‘?\‘f 7 A5 DI T-FUNEEFIANT REB{Q%%}B%‘? anﬁmégﬁr}?ﬁz trﬁe
spirit and sGeRssOAnd BrRer MESRHIVAth daily intdiitieaninjg@idnsNOdinhl) eatiecsrh may be
made to adapt a particular situation, material, conposition of matter,
process, proddsemghelpfar! weelss, to the objective, spirit and scope of the

present invention. Lfi catj ' n W) h
scope of the clai @%Ldgﬁ%;ﬁﬁfétaga @%r%ﬁ#gg}(g’e% %‘% %&%%@%%ﬁoﬁ
will ]EJ_e a{)parcﬁfet %)?é)plabt@_dﬁn szk%% btbr;mlfo?malblbhy@é andl tzoﬂls%o@lgnsé;]rdwemtyuenn ofoahmhe
specification an ractice o e_invention_di 0S| ' '

i nlt ended L hatCQCﬁéY§b%@Pff?%£ﬂ'f 6r- ahte l?)[‘érﬁﬂde@ggzc agi q&ﬁégbgga@glﬁ%@@ y
only, with a tr | Ll | i | Prelel th
Fol T oui ng cf Aleech<TRE! BREaRRRELD i (BploRkRd PO BLiel R RRLESLY L
H el nel and, Ldmpanal tbidhe aptid Tienkd isrussdr foc elaciionagicnesaspyt HexdarPisBieush' s

e Chon SRR T BBl BN S55 e RS T0%  O
ool S yres et Toa e Eer o eaonepeinenen {1,
Hi st ol . Cyst ddpectness are sgringd with toluidine blue in 2% sodium borate. Ultrathin

sections are cut, stained with uranyl acetate and lead citrate and examined

by electron microscopy.

[081] Electron microscopy evaluation shows an increase in Bruch's

membrane thickness and membrane disorganization after D-galactose

treatment at 4 and 8 weeks, with greater thickening observed at the 8 week

time point. Conversely, electron microscopy evaluation shows normal

Bruch’s membrane thickness and normal Bruch’'s membrane organization in

decorin treated animals (same as control specimens) at 4 weeks and nearly

normal Bruch’s membrane thickness and normal Bruch’s membrane

organization in decorin treated animals (same as control specimens) at 8

weeks . This study is expected to demonstrate the effectiveness of decorin in

retarding or reversing the development of macular degeneration in this

animal model. Similar effects are expected in retarding the development of

human, dry AMD or reversing critical events associated with human, dry

AMD.

Example 5. Preservation of Cell Structure

[082] Recent studies conducted for Euclid Systems have
demonstrated the ability of decorin to preserve corneal endothelial and
epithelial cell layers, to increase mean cell density, and improve intracellular
junctures (Insight BioMed Reports 09PHCE-Eu01/001, 002, 003). Application
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| 0zzo, RV. The biology of the small |eucine-rich proteoglycans. 1999. J.
Biol. Chem 274:18843-18846 Zarbin, MA. Current concepts in the

pat hogenesD0ufocoge- r el at ed macul ar degenerati on. 2004. PATAIS2@0l0588586 ol .
122: 598-614 Orgel, PRO Ed, A Antipova, 0, Bella, J, and Scott, JE.
Decorin core protein (Decoron) shape conpl enents collagen fibril surface
structure and nediates its binding. 2009. PLoS One, 4:1-10 Cook, HL, Patel,
PJ, and Tuf aiI A. Age-rel ated macul ar degeneration: diagnosis and
managenent . 08 Brit

rowant M gt exepsbelsapaled degtin Rt PEetd PR M ate Ml ot et
options. SUN\étéEﬂhi@ﬂﬁ’s @ifltu%'fc@lr%yéf aZ\@rﬁ?bOenM@Mb&ﬁerﬁﬁcbrfuBheOJr rent

treatnent of age-related macul ar’ degeneration. 2007. Optonetry and Vision

Sci ence. 84: dESBDPEETY afimbpdeidal reovasaKlesvaliamy Sugh ealistaliliaatioryill gigo

rel ated rraculrg&ucggcrao% ‘%n i angiogenic growth factors (such as VEGF) associated
with RPE cell disruptions that precede choroidal neovascularization.

[083] While the present invention has been described with reference
to the specific embodiments thereof, it should be understood by those skilled
in the art that various changes may be made and equivalents may be
substituted without departing from the true spirit and scope of the invention.
In addition, many modifications may be made to adapt a particular situation,
material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications
are intended to be within the scope of the claims appended hereto. Other
embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed
herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated

by the following claims.
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2. A nethod of treating diabetic retinopathy or preventing the devel opnent
of diabetic macular edema in a patient in need thereof, the nethod

conpri si yoadmasp@iser i ng a pharmaceuti cal conposition c@epAISIMYSIBS€Ori n
and a pharmaceutically acceptable carrier by an injection technique to the
back of the eye of a patient having diabetes, to thereby treat the diabetic
reti nopathy or prevent the devel opnent of diabetic nacul ar degeneration.

3. A pharmaceutical conposition conprising decorin and a pharmaceutically

acceptabl e carrier for treating the dry form of age-related macul ar
degener at i on%@ﬁ-@ﬁé@d& ng the devel opnent of the wet formof AMD in
a patient in need thereof. 4. A pharmaceutical conposition conprising

decorin and g phantaefidd SakéatirkChBRIr}Rb%n Bﬁééé‘?élaféHw%éldr@e ER8LdBA
di abetic retinopathy or preventing the devel opnent of diabeti ¢ macul ar

edema in a p&Me)oripreverding therdesklopnientisd éheved farompbAMD tma patipntiisi ng
decorin anda i cal acceptabl e . carrier for, treati the dry form
of “age-r ol at BESMIRGH. the SabPd BRI Rk S bRissRBhe Ay R Uil opment o
the wet for nb@%pﬁ@ﬁ?ohrbomm@m§ﬂbcbrfh BRE® pHerRREuticAM acceptable carrier by

2011/ 069046PCT/ US2010/ 058856 . Use of a conposition conprising decorin

and a phar na@8uhieetien {echeiBin Té?bthé hagkraf éhe ye of pdatienyhayiagde € Brimopat hy

need thor cof of AUDARIACRRRAe The BPREID Br PRREREinEERIObRefh Bofer™ 17

conposition éM@laim3 or 4, or the use of claim5 or 6, wherein the
decorin is a reconbi nant human decorin core protein.

2. A method of treating diabetic retinopathy or preventing the
development of diabetic macular edema in a patient in need thereof, the
method comprising administering a pharmaceutical compaosition comprising
decorin and a pharmaceutically acceptable carrier by an injection technique to
the back of the eye of a patient having diabetes, to thereby treat the diabetic

retinopathy or prevent the development of diabetic macular degeneration.

3. A pharmaceutical composition comprising decorin and a
pharmaceutically acceptable carrier for use in treating the dry form of age-
related macular degeneration (AMD) or preventing the development of the wet

form of AMD in a patient in need thereof.

4, A pharmaceutical composition comprising decorin and a
pharmaceutically acceptable carrier for use in treating diabetic retinopathy or
preventing the development of diabetic macular edema in a patient in need

thereof.

5. Use of a composition comprising decorin and a pharmaceutically
acceptable carrier for treating the dry form of age-related macular
degeneration (AMD) or preventing the development of the wet form of AMD in

a patient in need thereof.
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8. The method of claim1l or 2, wherein the decorin is applied by mnimally
I nvasi ve subconjunctival injection or by traditional intravitreal

i nj ecti orwoO 2011/06b@6 et hod of claim 8, wherein the decor PATIUGS2@005386€
directly to Bruch's nmenbrane. 10. The nethod of claim1l or 2, wherein the
decorin is applied transclerally using a collagen inpregnated delivery
system 11. A nethod of stabilizing collagen fibrils in an extracell ul ar
matrix of retinal tissue of a patient experiencing the dry form of age

rel ated nmacul.ar degeneration, .conprising admnistering a conposition
conpri si ng a°pr ot @gﬁlcg@a?mﬂmb@ﬁﬁm QPW'SE]%?W'Q ?ﬂ%‘i’é’?’ﬁr@?‘ﬁ“%i’eogl ycan
mol ecul e, t hggcdrtasiel daier fé?&ﬂe%ﬂﬁg dfuétﬁrtib!rétiﬁéwbtﬁ\élahg@@ﬁmgltﬁél ly
acceptable carrier to the eye of The patient. 12. met hod of organi zi ng

col | agen fi bdevelopmeahotdiabatie madudar edema jn afpatient inalead betrofof a pati ent
experiencing the dry formof age related macul ar degeneration, conprising

o 11 ot r1 19,2 CSRBOSLLANSAR 151 5P AERELIALSRIEIY For oyt 22 Sor

protein of a prot crossinks col 'agen and a

phar maceut i ca} 4 yortpeaeadi daig®bror®, wiheréiheheyecofin ida reedrbinant hldanA

met hod of stabilizing and organizing collagen fibrils in the extracellular
matri x of Br HeFPrH GRIPRTARINOf patients experiencing the dry form of age
rel at ed macul ar degeneration, conprising adm nistering a conposition

compri Sing agbr ot $RGHSABITRAM £or Of whiRif Bid Rt Pisadied Y dlagly can
mol ecul e, that crosslinks collagen fibrils and a pharnmaceutically
accept abl e cmwvesiee subcohpinetiealdhjectien paby énaditional intravitreal injection.

9. The method of claim 8, wherein the decorin is applied directly to

Bruch’'s membrane.

10. The method of claim 1 or 2, wherein the decorin is applied transclerally

using a collagen impregnated delivery system.

11. A method of stabilizing collagen fibrils in an extracellular matrix of
retinal tissue of a patient experiencing the dry form of age related macular
degeneration, comprising administering a composition comprising a
proteoglycan molecule, or the core protein of a proteoglycan molecule, that
crosslinks collagen fibrils and a pharmaceutically acceptable carrier to the eye

of the patient.

12. A method of organizing collagen fibrils in an extracellular matrix of
retinal tissue of a patient experiencing the dry form of age related macular
degeneration, comprising administering a composition comprising a
proteoglycan molecule, or the core protein of a proteoglycan molecule, that
crosslinks collagen fibrils and a pharmaceutically acceptable carrier to the eye

of the patient.

13. A method of stabilizing and organizing collagen fibrils in the
extracellular matrix of Bruch’'s membrane of patients experiencing the dry

form of age related macular degeneration, comprising administering a
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14. A nmethod of stabilizing and organi zing collagen fibrils in the
extracellular matrix of Bruch's nenbrane of patients experiencing mld dry
age rel atwo 20a06b@Es degeneration to retard or |imt thePd@skapioessse of t he
wet form of age related nmacul ar degeneration conprising adm nistering a
conposition conprising a proteoglycan nolecule, or the core protein of a
prot eogl ycan nol ecul e, that crosslinks and organi zes collagen fibrils and a
pharmaceutically acceptable carrier to the eye of the patient. 15. The
met hod of claim 14, wherein conpos ti revent devel o nt . of wet
macul ar degeﬁ%WQP?@HnQﬂ?pﬂgﬂﬁﬁﬁﬁaEﬁpﬂf@gé??ﬁﬁugr ﬁﬁ%cqgl Bgﬁqﬁﬁéular
degenerat i OHP%IQ%@gsé(ﬁMdlé&lérthm erdﬁsﬁhwc&%eﬂemﬂl@aﬁ@m HHrmaREuB&ly

rel ated macul ar eneration conprising admnistering a conp05|t|on

conpri si ng aapcepteblgl garder toothecyleeof the patienttore protein of a proteogl ycan
nmol ecul e, that crosslinks and organizes collagen fibrils and a

phar maceut i c L1y acce 17. Th
met hod of cl ﬂm 1%‘ mﬁﬁ‘@pb?fes’f?ﬁi,‘z'bg %ﬁggﬁgﬁygo?& %H?E%)?‘Zé f;')f@%el n of thg
pr ot eogl ycanegiraseliutdyi hatrix @f@uegenﬁémréme o atichtslexpddgmang nold dwpt

age-rel ated macul ar degenerati on. he net hod of claim 16, wherein

pr ot eog| ycana@ﬁB re ﬁ@%@\aéukﬁr&e@ieﬁefﬁm@ﬁ@ rgta&i o64MitchR develrameanitaidhe wet

devel opnent gﬁ{;ptg g macul ar
degener ati on | A %%(%Fe@%@erﬂﬁ&?i%ga%%en mt'(r)ﬁs? ﬁg‘ggé%@[rﬁgﬁw (%n conpri si ng

ahpr ot eogl lycagmpiolsgloulwmmrsnmghe pr?)twgp/o?hgnolleomeaoptm euwgl gromm pbhecul e,
t hat crossmsa or z age Ibrils and a |1y
accept abl e cBF¢! ?%9 yen %"ﬁ% @1@ E'&‘fsi i orgapgzes ccﬁggen S 4
2011/ 069046P%§W(cgﬁ@§§§eptable carrier to the eye of the patient.

15.  The method of claim 14, wherein composition prevents the

development of wet macular degeneration

16. A method of treating dry age related macular degeneration and
preventing or minimizing the development of wet age related macular
degeneration comprising administering a composition comprising a
proteoglycan molecule, or the core protein of a proteoglycan molecule, that
crosslinks and organizes collagen fibrils and a pharmaceutically acceptable

carrier to the eye of the patient.

17.  The method of claim 16, wherein the proteoglycan or the core protein
of the proteoglycan also inhibits angiogenesis to retard development of wet

age-related macular degeneration.

18. The method of claim 16, wherein proteoglycan or the core protein of

the proteoglycan prevents the development of macular degeneration.

19. A method of preventing macular degeneration in a patient comprising
administering a composition comprising a proteoglycan molecule, or the core
protein of a proteoglycan molecule, that crosslinks and organizes collagen

fibrils and a pharmaceutically acceptable carrier to the eye of the patient.
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20. The nethod of claim 19, wherein the proteoglycan or the core protein of
the proteoglycan also inhibits angi ogenesis to retard devel opnent of wet
age rel atwo 20b06b@Es degeneration. 21. A nethod of treaPClg/SAdialoessse
retinopathy and preventing or mnimzing the devel opnment of diabetic
retinopathy conprising adm ni stering a conposition conprising a

prot eogl ycan nol ecul e, or the core protein of a proteoglycan nol ecul e, that
crosslinks and organi zes collagen fibrils and stabilizes retinal pignment

epithelial cell layers attached to Bruch's nmenbrane and har maceut i cal |
accept abl e céPri ef et Qd&fé"‘i?%m f&?]é/vli%{ﬁrbtﬁgpro%g_g?y&aﬁﬁrﬁgg g€ PRSI ng d

di abeti c fetbmeaﬁrgve A Q46 MBS Qﬁ%ia'g@hégigwgetéreed@\%m@ﬁpaﬁwef ,
di abeti ¢ macul ar ‘ederm& conpri sing admhi Stering a conposition conprising a
pr ot eogl ycanagekelatddemacular kegeoertipnot ei n of a proteogl ycan nol ecul e, that

crosslinks and organi zes collagen fibrils and stabilizes retinal pignment

Sbceptable catri ok TBTOR IR e TaetlicitBaPRRy A RALE G BRSNS cre.
claims 11- 22thevw@fe¢émnbhﬁomiab§wfetm@gagfyl ddmep eI g abnhietetingfa t he
|

proteogl ycan is chosen from decorin, ycan, epi {)hycan, kKer at ocan,
ni m can, fi be@npasitiph comprisintha psetegalycan mplaatiEofr thecergforoteimof ahe net hod

of any one o i - j : e rotein of
t he proteogl rcogJ%géIggaa'%#ﬁ%&%ﬁ%ﬁb%&%&mﬂ(ﬁﬁﬁwdﬁ%&&%ﬁ%H?r%)g Iﬁs(r)%q&(;f any one
of clains 1llstaBilizabestnal pigracobapitissiivl call lagempqttachedity Brunhisahémbraneasi ve
subconj unctival injection or bn%ctra itional i :t}'gravi tg al i n%rgcti on. 26.
The method ofNdAPIEIAsEULEalRCCEPIae Capir & Mg R¥e O ﬁi‘fo%‘?tf nis applied
by mininmally invasive subconjunctival injection or by traditional
i ntravitreal ob nj eathefhddbfrdiingisoSRMetiABBathy and preventing or minimizing

the development of diabetic macular edema comprising administering a

composition comprising a proteoglycan molecule, or the core protein of a

proteoglycan molecule, that crosslinks and organizes collagen fibrils and

stabilizes retinal pigment epithelial cell layers attached to Bruch’s membrane

and a pharmaceutically acceptable carrier to the eye of the patient.

23.  The method of any one of claims 11-22, wherein the proteoglycan or
the core protein of the proteoglycan is chosen from decorin, biglycan,
epiphycan, keratocan, mimican, fibromodulin, lumican, or any combination

thereof.

24.  The method of any one of claims 11-22, wherein the proteoglycan or

the core protein of the proteoglycan is a recombinant human decorin.

25.  The method of any one of claims 11-22, wherein the composition is
applied by minimally invasive subconjunctival injection or by traditional

intravitreal injection.

26. The method of any one of claims 11-22, wherein the composition is
applied by minimally invasive subconjunctival injection or by traditional

intravitreal injection into Bruch’'s membrane.
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