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(57) ABSTRACT 

The use of compounds that interfere With the hedgehog sig 
naling pathWay for the manufacture of a medicament for 
preventing, inhibiting, and/or reversing ocular diseases 
related With ocular neovasculariZation. Particularly, the 
above-mentioned diseases are (Wet) age-related macular 
degeneration, (proliferative) diabetic retinopathy, neovascu 
lar glaucoma, retinal vein occlusion, or retinopathy of prema 
turity (ROP). 
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USE OF COMPOUNDS THAT INTERFERE 
WITH THE HEDGEHOG SIGNALING 

PATHWAY FOR THE MANUFACTURE OF A 
MEDICAMENT FOR PREVENTING, 

INHIBITING, AND/OR REVERSING OCULAR 
DISEASES RELATED WITH OCULAR 

NEOVASCULARIZATION 

[0001] This application is a divisional application of Ser. 
No. 11/002,882, ?led Dec. 3, 2004, currently pending. The 
teachings of the above application is hereby incorporated by 
reference. Any disclaimer that may have occurred during 
prosecution of the above referenced application is hereby 
expressly disclaimed. 

1. BACKGROUND OF THE INVENTION 

[0002] In the following sections, the inventors include pas 
sages and cite publications that are available in the public 
domain. The author of the patent Would like to acknowledge 
in particular “The Merck Manual of Diagnosis and Therapy”, 
and US. patent application Ser. Nos. 10/652,298, 09/977, 
864, 09/88384. The author of the patent can be contacted at 
hildinger@gmx.net. 
[0003] It must be noted that as used herein and in the 
appended claims, the singular forms “a” and “the” include 
plural referents unless the context clearly dictates otherWise. 
Thus, for example, reference to “a cell” or “the cell” includes 
a plurality (“cells” or “the cells”), and so forth. Moreover, the 
Word “or” can either be exclusive in nature (i.e., eitherA or B, 
but not A and B together), or inclusive in nature (A or B, 
includingA alone, B alone, but also A and B together). One of 
skill in the art Will realiZe Which interpretation is the most 
appropriateiunless it is detailed by reference in the text as 
“either A or B” (exclusive “or”) or “and/or” (inclusive “or”). 

1.1 Field of the Invention 

[0004] The present invention relates to methods of prevent 
ing, inhibiting, and/ or reversing ocular neovasculariZation in 
a mammalian subject comprising administering to the subject 
a therapeutically effective amount of a substance that inter 
feres With the Hedgehog signaling pathWay. Ocular neovas 
culariZation is a major cause of blindness in developed coun 
tries. It is causally involved in many ocular diseases including 
age-related macular degeneration, (proliferative) diabetic ret 
inopathy, neovascular glaucoma, retinal vein occlusion, or 
retinopathy of prematurity (ROP). Current treatments are of 
limited e?icacy and associated With signi?cant adverse 
effects, re?ecting the high unmet need in those disease areas. 
[0005] More speci?cally, the invention relates to the use of 
a small molecule such as cyclopamine, or a protein such as a 
(humanized) monoclonal antibody to interfere With Hedge 
hog signaling. The inventors demonstrate in the present 
invention that interference With Hedgehog signaling by 
means of e.g., cyclopamine, is able to prevent, inhibit and/or 
reverse ocular neovasculariZation in a mammalian subject, 
Which Will have a therapeutic bene?t on said subject. 

1.2 Background of the Invention 

[0006] Ocular neovasculariZation is involved in multiple 
pathologies of the eye such as (Wet) age-related macular 
degeneration, (proliferative) diabetic retinopathy, neovascu 
lar glaucoma, retinal vein occlusion, or retinopathy of prema 
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turity (ROP). Yet, there is still a high degree of unmet need in 
the prevention, treatment and/or cure of diseases caused by 
ocular neovasculariZation: Many patients affected by one of 
those diseases Will face (legal) blindness in the end. 
[0007] The present invention relates to methods for pre 
venting, inhibiting, and/or reversing ocular neovasculariZa 
tion by interfering With the Hedgehog signaling pathWay in 
general, and by inhibiting Smoothened (Smo) function in 
particular. The present invention also comprises administer 
ing to a mammalian subject a substance that interferes With 
the Hedgehog signaling pathWay in general, and that inhibits 
Smoothened (Smo) function in particular such as (for 
example) cyclopamine. 
[0008] The inventors are the ?rst to shoW (1) the involve 
ment of Hedgehog signaling in general, and the requirement 
for Smoothened activity in particular in ocular neovascular 
iZation, and (2) that interfering With Hedgehog signaling in 
general, and inhibition of Smoothened activation in particular 
can prevent, inhibit and/ or reverse ocular neovasculariZation. 

In the preferred embodiment, the inventors prove that admin 
istering cyclopamine to a mammalian subject can inhibit 
Smoothen activation and thus prevent and/or inhibit ocular 
neovasculariZation. Generally speaking, upon administration 
of a Hedgehog-interference substance (such as cyclopamine), 
ocular neovasculariZation Will be prevented, inhibited and/or 
reversed, thus preventing and/ or ameliorating the pathologies 
associated With ocular neovasculariZation. Also provided are 
pharmaceutical kits containing the Hedgehog-signaling inter 
fering substance in a suitable pharmaceutical suspension for 
administration. 
[0009] The present invention offers a novel, useful and 
non-obvious method for treating, inhibiting and/or prevent 
ing ocular diseases that are caused (in part) by ocular neovas 
culariZation by administering to a mammalian subject a sub 
stance that interferes With the Hedgehog signaling pathWay. 
Also provided are pharmaceutical kits containing the Hedge 
hog pathWay interfering substance in a suitable pharmaceu 
tical suspension for administration. 

1.3 Description of PriorArt 

1.3.1 Hedgehog Signaling 
[0010] Analysis of the Drosophila melanogasler Hedge 
hog mutant, named after its prominent phenotype4epider 
mal spikes in larval segments that normally are devoid of 
these extensionsiled to the cloning of the original Hedgehog 
gene. 
[0011] In vertebrates, the Hedgehog (Hh) protein family of 
secreted glycoproteins comprises at least four members: 
Three of these members, Sonic Hedgehog (Shh), Desert 
Hedgehog (Dhh), and India Hedgehog (Ihh), seem to be 
expressed in all vertebrates, including mammals. They are 
also highly conserved betWeen species. A fourth member, 
tiggie-Winkle Hedgehog (Thh), appears speci?c to ?sh. 
Exemplary Hedgehog genes and proteins are described in 
PCT publications WO 95/18856 and WO 96/17924. 
[0012] Hedgehog (Hh) proteins act as morphogens in many 
tissues during embryonic development as mediators of inter 
cellular signaling. The Hedgehog pathWay is important in 
regulating cell patterning, differentiation, proliferation, sur 
vival and groWth in the embryo and the adult ([1]; [2]; [3]). 
Vertebrate Hedgehog proteins are crucial to a number of 
epithelial-mesenchymal inductive interactions during neu 
ronal development, limb development, lung, bone, hair fol 
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licle and gut formation ([4, 5] [6][7] [8] [9]). More recently, 
their role in tumorigenesis and angiogenesis has been 
described in adult organisms. 
[0013] Shh, the most Widely expressed Hedgehog protein, 
apparently is also the most potent member of its family. It is 
broadly expressed during development, and sonic null mice 
are embryonic lethal ([10]; [11] [12]; [13]) Shh is primarily 
involved in morphogenic and neuroinductive activities such 
as neural tube, craniofacial, limb, and kidney development. 
Indian Hedgehog (Ihh) is involved in bone development dur 
ing embryogenesis and in bone formation in the adult ([14]; 
[15]). Desert Hedgehog (Dhh) is the most restricted in terms 
of expression, and Dhh null mice are viable; it is expressed 
primarily in the testes, both in mouse embryonic development 
and in the adult rodent and human ([16]; [17]). 
[0014] Hedgehog proteins exert their function as part of the 
Hedgehog signaling pathWay that is tightly regulated by 
many inhibitors at different levels. The Hedgehog receptor, 
Patched (Ptc) is a 12 transmembrane protein With a sterol 
sensing domain. The mammalian genome contains 2 patched 
genes, ptc1 and ptc2. In the absence of Hedgehog, Ptc binds 
and inhibits the function of Smoothened (Smo), a 7 trans 
membrane protein that functions as a co-receptor. Once Hh 
binds to Ptc, Ptc does not further inhibit Smo. Smo’s activa 
tion in turn leads to the activation of fused (Fu), a serine 
threonine kinase, and the disassociation of a Zinc ?nger tran 
scription factor of the mammalian Gli family (corresponding 
to Ci in Drosophila), from the microtubule-associated Fu 
Gli-Su(fu) complex [Su(fu): Suppressor of Fused]. Gli pro 
teins are large, multifunctional transcription factors, and their 
activities are intrinsically regulated. The uncomplexed Gli 
protein is then transported into the nucleus Where it activates 
doWnstream target genes of the Hedgehog pathWay including 
genes associated With cell cycle progression, the ptc1 and gli1 
gene ([18]; [19, 20]; [21]; [22]; [23]) 
[0015] The various Hedgehog proteins consist of a signal 
peptide, a highly conserved N-terminal region, and a more 
divergent C-terminal domain. During their passage through 
the secretory pathWay, Hedgehog proteins are extensively 
modi?ed: They undergo an internal autoproteolytic cleavage 
yielding a 19 kD N-terminal peptide and a 26-28 kD C-ter 
minal peptide; the 1 9 kD peptide is then further modi?ed at its 
Niand C-termini by palmitoyl and cholesteryl adducts, 
respectively. These lipid modi?cations lead to a tight associa 
tion of the 19 kD fragment With membranes. In addition, the 
diffusion of the 19 kD N-terminal peptide is further limited by 
binding to the Hip1, Patchedl (Ptcl) and Patched2 (Ptc2) 
transmembrane receptors, all of Which are expressed on Hh 
responsive cells, and by interaction With heparin through an 
N-terminal basic domain. The C-terrninal peptide on the con 
trary is freely diffusible. Yet, it is the 19 kD peptide that acts 
directly on distant cells in developing tissues. This remote 
action requires the transmembrane transporter-like protein 
Dispatched (Disp) for release of Hh from secreting cells and 
other proteins and enZymes. 
[0016] Three Gli proteins have been identi?ed in mammals 
(Gli1, Gli2, Gli3). Proteolysis of Gli2 and Gli3 results in the 
generation of strong repressors of gene transcription, Whereas 
the Gli1 repressor seems to be Weak. Shh inhibits repressor 
formation by Gli3, but not by Gli2, and the formation of 
potent activators of Gli2, and perhaps of other Gli proteins, 
depends on Hh signaling ([24-28] 
[0017] Gli proteins can form Hedgehog signaling com 
plexes With several other signaling components, including the 

Jul. 30, 2009 

kinesin-like protein Costal-2, Fu, and Su(fu) [29-33]. In these 
complexes Gli proteins are regulated by cytoplasmic seques 
tration, phosphorylation, and proteolysis. They can be found 
in both the nucleus and cytoplasm. In the cytoplasm, they are 
part of a multimolecular complex that is tethered to the 
cytoskeleton. In the absence of Hh, Gli proteins are cleaved 
by the proteasome, and C-terminally truncated forms termed 
“Gli repressors” translocate to the nucleus, Where they act as 
dominant transcriptional repressors. Upon Hh-induced Smo 
activation, Gli repres sor formation is inhibited and full-length 
labile activators of transcription are made instead. 

1.3.2 Involvement of Hedgehog in Diseases 

[0018] Prior art describes involvement of Hedgehog in sev 
eral diseases. When the Hedgehog-pathWay is activated or 
maintained inappropriately, cell proliferation can become 
misregulated. Some examples are cancer [34-36] [37] [38] 
and skin-related disorders such as psoriasis [39, 40]. 
[0019] Hedgehog misregulation has been associated With a 
Whole range of cancers including BCC, medulloblastoma, 
rhabdomyosarcoma, cutaneous epithelial tumors, oral squa 
mous cell carcinoma, pancreatic cancer, digestive tract 
tumors, glioma, pancreatic adenosarcoma, esophageal and 
stomach cancer, small cell lung cancer. In addition to control 
ling cell differentiation and tissue patterning, Hh signalling 
also regulates the proliferation of distinct cell types via direct 
activation of cell-cycle control genes such as cyclin D1 and 
cyclin D2 in mammalian cells [41], Which could explain its 
involvement in a vast variety of tumors. 

1.3.3 Vasculogenesis, Angiogenesis and NeovasculariZation 

[0020] Vascular development involves vasculogenesis, 
Where endothelial cells form a primary tubular netWork, as 
Well as angiogenesis, in Which vessel siZe and structure are 
modi?ed, and branching occurs to insure that all cells receive 
adequate oxygen delivery. In adults, angiogenesis occurs in 
response to tissue hypoxia/ischemia and plays an important 
role in determining the progression of ischemic heart disease 
and cancer. 

[0021] For purposes of this invention, vasculogenesis is a 
physiological process, and pathological (abnormal) vasculo 
genesis is referred to as neovasculariZation. NeovasculariZa 
tioniin a more narroW de?nitioniis a form of pathologic, 
abnormal vasculogenesis that causes visual loss. Neovascu 
lariZation can be caused by a multitude of molecular mecha 
nisms, and the basic pathological mechanisms that trigger the 
cascade of events are many such as ischemia, in?ammatory, 
or metabolic events. One hypothesis for the process of 
neovasculariZation suggests that increased vascular perme 
ability leads to retinal oedema and vascular fragility resulting 
in haemorrhage, or ?bro-vascular proliferation With trac 
tional and rhegmatogenous retinal detachment. Furthermore, 
for purposes of this invention, angiogenesis can be either 
physiological or pathological. 
[0022] The discovery of the molecular mechanisms of 
physiological vasculogenesis and angiogenesis vs. neovascu 
lariZation and pathological angiogenesis helped to recogniZe 
tWo classes of diseases: One Where the therapeutic angiogen 
esis can repair the tissue damages (arteriosclerosis, ischemia 
induced pathologies such as myocardial infarction, coronary 
artery disease, peripheral vascular disease, limb ischemia and 
stroke) and the other one Where inhibition of neovasculariZa 
tion and/ or pathological angiogenesis can cure the disease or 
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delay its progression (age-related macular degeneration, 
(proliferative) diabetic retinopathy, neovascular glaucoma, 
retinal vein occlusion, or retinopathy of prematurity (ROP), 
benign and malignant angiogenic tumors, progression of 
malignant tumors, psoriasis, rheumatoid arthritis). 
[0023] Thus, the induction of angiogenesis and vascular 
groWth is bene?cial for tissue repair and Would healing 
Whereas inhibition of angiogenic groWth factors can prevent 
angiogenesis driven pathologies. 
[0024] NeovasculariZation in the retina is initiated by the 
ischemic injury, hyperglycaemia induced PKC activation, 
and or hypoxia. Hypoxia plays a causal role in the pathologi 
cal events that lead to the formation of neW blood vessels, 
Which ultimately results in blindness. Under hypoxic stimuli 
HIF-1.alpha. triggers the expression of a number of proan 
giogenic genes, including Vascular Endothelial GroWth Fac 
tor (VEGF). Glial cells in the hypoxic retina not only produce 
VEGF, but also IL-8 and HGF as Well and pericytes start to 
express bFGF all responsible for the neoangiogenesis.Yet, as 
the inventors demonstrate, the Hedgehog-signaling pathWay 
is also able of inducing VEGF expression. VEGF is one of the 
most important groWth factors that have been extensively 
associated With neovascular diseases of the eye. 
[0025] As mentioned before, angiogenesis is the process by 
Which neW capillaries are formed by sprouting from pre 
existing vessels. It is a highly attractive target for therapeutic 
intervention since it represents a ?nal common pathWay in 
processes that are multifactorial in aetiology. Angiogenesis is 
regulated through the combined action of pro-angiogenic and 
anti-angiogenic factors. 
[0026] Pro-angiogenic factors favor angiogenesis. They 
can be classi?ed into (a) Cytokines and groWth factors such as 
Fibroblast GroWth Factor (FGF), Vascular Endothelial 
GroWth Factor (VEGF), TGF.alpha. and TGF.beta., 
Angiopoietins, Interleukins (IL-1, IL-6, IL-8), GM-CSF, 
PDGF, PDECGF, EGF, TNF.alpha., HGF; (b) Cell surface 
receptors such as Flkl (:VEGFR2; :KDR; VEGF receptor), 
Flt1 (:VEGFR1;VEGF receptor; [8]), Neurophilin; (c) Inte 
grins such as .alpha.sub.v.beta.sub.3 (Whose expression is 
induced by, e.g., TNF.alpha., FGF-2, GM-CSF etc.), alpha. 
sub.v.beta.sub.5; (d) Proteases such as matrix metallopro 
teases (MMPs); (e) Small molecules (e.g., retinoic acid; Cu). 
[0027] Anti-angiogenic factors inhibit angiogenesis. They 
can be classi?ed into (a) Cytokines and groWth factors such as 
Troponin, Platelet Factor 4, TGF.beta. 1 , Interferon alpha. and 
Interferon .beta., Somatostatin; (b) Proteolytic fragments 
such as Angiostatin, Endostatin (collagen XVIII fragment), 
Thrombospondin fragment, Fibronectin fragments, Vasosta 
tin (kallikrein fragment); (c) Tissue inhibitors of metallopro 
teases (TIMPs); (d) Small molecules such as some retinoids, 
Zinc or 2-methoxyestradiol; (e) Other proteins such as lami 
nin or CM101. 

1.3.4 Hedgehog Signaling in Angiogenesis and Neovascular 
iZation 

[0028] Pola et al. [42] have shoWn that cells in the adult 
vasculature both express ptc1 and can respond to exogenous 
Hedgehog. They also Were able to prove that Hedgehog is 
able to induce robust neovasculariZation in the corneal pocket 
model of angiogenesis. In the same publication, the group 
found that the Hedgehog-signaling pathWay is present in 
adult cardiovascular tissues and can be activated in vivo. Shh 
Was able to induce robust angiogenesis, characteriZed by 
distinct large-diameter vessels. Shh also augmented blood 
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How recovery and limb salvage folloWing operatively 
induced hind-limb ischemia in aged mice. In vitro, Shh had no 
effect on endothelial-cell migration or proliferation; instead, 
it induced expression of tWo families of angiogenic cytok 
ines, including all three vascular endothelial groWth factor-1 
isoforms and angiopoietins-1 and -2 from interstitial mesen 
chymal cells. In summary, the group discovered a novel role 
for Shh as an indirect angiogenic factor that regulates expres 
sion of multiple angiogenic cytokinesiindicating a potential 
therapeutic use of Shh for ischemic disorders. 
[0029] Whereas this group has shoWn a role for Shh in 
ischemic diseases, there has not yet been reports of the 
involvement of Hedgehog in general and Shh in particular in 
ocular neovasculariZation. Moreover, there have not yet been 
reports that interfering With Hedgehog signaling in general 
and Shh signaling in particular, and interference by inhibiting 
Smo activation in detail, Will inhibit, prevent, and/or revert 
ocular neovasculariZation. 

1.3.5 Eye Diseases 

[0030] Ocular neovasculariZation is causatively involved in 
many eye diseases such as (proliferative) diabetic retinopa 
thy, neovascular glaucoma, retinal vein occlusion an/or ret 
inopathy of prematurity (ROP). 

1.3.5.1 Age-Related Macular Degeneration (AMD) 

[0031] Age related macular degeneration (AMD) is the 
leading cause of legal blindness in the elderly Caucasian 
population, but is relatively rare in other races. The degenera 
tive condition of the central retina (macula) only affects cen 
tral vision, leaving peripheral vision intact. AMD affects 
approximately 30% or more of the Caucasian population age 
75 and greater. The molecular mechanism underling AMD is 
not fully understood and is the major obstacle in the devel 
opment of aetiologic and prophylactic treatments. The pri 
mary lesion appears to occur deep to the central retina With 
deposits knoWn as drusen. Drusen are thought to be metabolic 
by-products, the increasing deposition of Which may further 
interfere With the high metabolic activity of the macula. 
[0032] There is no medical treatment for AMD and only a 
very small number of subjects With late stage disease are 
amenable to a palliative and minimally effective laser photo 
coagulation therapy. 
[0033] There are tWo different forms of AMD: In atrophic 
macular degeneration (dry form), there is pigmentary distur 
bance in the macular region, but no elevated macular scar and 
no hemorrhage or exudation in the region of the macula; in 
exudative macular degeneration (Wet form), Which is much 
less common (approximately 10% of all cases ofAMD), there 
is formation of a subretinal netWork of choroidal neovascu 
lariZation often associated With intraretinal hemorrhage, sub 
retinal ?uid, pigment epithelial detachment, and hyperpig 
mentation. Eventually, this complex contracts and leaves a 
distinct elevated scar at the posterior pole. In that respect, 
“Wet”AMD is more visually debilitating compared to the dry 
form. Both forms of age-related macular degeneration are 
often bilateral and are preceded by drusen in the macular 
region. 
[0034] For the present invention, the “Wet” form of AMD is 
of primary interest as it involves ocular neovasculariZation. 
This form of the disease occurs When a tiny frond of vessels 
(capillaries) breaks through a layer of the retina knoWn as 
Bruch’s membrane, and groWs beneath the macula. This is 
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known as a choroidal neovascular membrane (CNVM). The 
abnormal vessels of the CNVM may leak ?uid causing a 
localized swelling, or worse, result in a localized bleed. This 
is the condition most likely to result in legal blindness. It is 
important to realize, however, that even “wet” AMD doesn’t 
lead to “cane blindness”, given that peripheral vision remains 
intact, although often legally blind (<20/200 vision). 
Although most patients will not lose all vision, even the 
reduction is a great burden on the affected individual. Current 
therapy involves appropriate laser photocoagulation, if ?uo 
rescein angiography demonstrates a neovascular network 
outside the fovea. Yet, there still remains a high degree of 
unmet need in treating and preventing “wet” AMD. 

1.3.5.2 (Proliferative) Diabetic Retinopathy 

[0035] Diabetic retinopathy is the leading cause of acquired 
blindness among Americans under the age of 65. It can be 
particularly severe in persons with insulin-dependent diabe 
tes mellitus (IDDM; type I diabetes mellitus); it also occurs 
frequently in persons with chronic non-insulin-dependent 
diabetes mellitus (NIDDM; type II diabetes mellitus). The 
degree of retinopathy is highly correlated with the duration of 
the diabetes. 
[0036] Proliferative retinopathy is characterized by abnor 
mal new vessel formation (neovascularization), which grows 
on the vitreous surface or extends into the vitreous cavity. In 
advanced disease, neovascular membranes can occur, result 
ing in a traction retinal detachment. Vitreous hemorrhages 
may result from neovascularization. Visual symptoms vary, 
depending on pathologic events. For example, a sudden 
severe loss of vision can occur when there is intravitreal 
hemorrhage. Visual prognosis with proliferative retinopathy 
is more guarded if associated with severe retinal ischemia, 
extensive neovascularization, or extensive ?brous tissue for 
mation. 
[0037] Proliferative diabetic retinopathy (PDR) carries the 
greatest risk of visual loss. The condition is characterized by 
the development of neovascularization on or adjacent to the 
optic nerve and vitreous or pre-retinal hemorrhage (hemor 
rhage in the vitreous humor or in front of the retina). PDR 
usually occurs in eyes with advanced background diabetic 
retinopathy and is thought to be secondary to ischemia (lack 
of oxygen or blood ?ow) of the retina. The neovascular ves 
sels are abnormal and have a tendency to break and bleed into 
the vitreous humor of the eye. In addition to sudden vision 
loss, this may lead to more permanent complications, such as 
tractional retinal detachment and neovascular glaucoma. 
[0038] Patients with PDR should receive scatter laser pho 
tocoagulation (also known as PRP, or pan-retinal photoco 
agulation, a laser treatment of the ischemic peripheral retina) 
as soon as possible following diagnosis of the condition. This 
treatment is also known as pan-retinal laser photocoagula 
tion. By causing regression of the neovascular tissues, the risk 
of severe vision loss is substantially reduced. PRP is an in 
of?ce or out-patient procedure done with or without an anes 
thetic injection adjacent to the eye. The laser treatment usu 
ally takes less than 30 to 45 minutes per session. A complete 
laser treatment, however, may require up to 3 or 4 different 
sessions, with a total of one to two thousand laser applications 
(“spots”). 
[0039] In some patients with PDR, the vitreous hemorrhage 
prevents the ophthalmologist from performing the laser treat 
ment. Simply put, the blood is in the way of the laser beam. If 
the vitreous hemorrhage fails to clear within a few weeks or 
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months, a vitrectomy surgery may be performed to mechani 
cally clear the hemorrhage and laser photocoagulation is then 
applied, either at the time of the vitrectomy or shortly there 
after. Patients who have tractional retinal detachment are 
usually scheduled for vitrectomy surgery promptly. 
[0040] As comparison: Nonproliferative retinopathy (for 
merly known as background retinopathy) is characterized by 
increased capillary permeability, microaneurysms, hemor 
rhages, exudates, and edema. Visual symptoms generally do 
not occur in the early stages of nonproliferative retinopathy. 
However, signi?cant early visual changes can occur in a small 
number of patients, especially in those with NIDDM. 
[0041] There is no cure for diabetic retinopathy, and 
patients still show high unmet need: Apart from diabetes and 
blood pressure control, panretinal photocoagulation may 
diminish or eliminate proliferative retinopathy and neovas 
cularization of the iris. Early photocoagulation decreases the 
risk of neovascular glaucoma development. Vitrectomy may 
be useful in cases of vitreous hemorrhage. 

1.3.5.3 Retinopathy of Prematurity (ROP, Also Retrolental 
Fibroplasia) 
[0042] ROP is a bilateral ocular disorder of abnormal reti 
nal vascularization in premature infants, especially those of 
lowest birth weight, with outcomes ranging from normal 
vision to blindness. 
[0043] Retinopathy of prematurity (ROP) represents a pro 
liferation of abnormal retinal blood vessels that occurs almost 
exclusively in prematurely delivered infants. More than 80% 
of infants weighing <1 kg at birth develop ROP. The risk of 
ROP rises with decreasing birth weights, and advancing neo 
natology now frequently allows infants weighing under two 
pounds to survive. The belief that oxygen supplementation 
for premature infants causes ROP is still widely held, at least 
amongst the general public. Historically, ROP was recog 
nized to occur primarily in infants who required high oxygen 
supplementation due to their immature lungs. Once this asso 
ciation was made, the delivery of oxygen was curtailed in 
attempt to reduce ROP. This was somewhat effective in reduc 
ing the incidence of ROP, but the incidence of cerebral palsy 
and hyaline membrane (lung) disease increased. Other risk 
factors for the development of ROP include extended dura 
tion of time in oxygen, the need for respiratory stimulants 
such as aminophylline or theophylline, and maternal bleeding 
from the conditions known as abruptio placentae or placenta 
previa. 
[0044] Neonatologists now give enough oxygen to sustain 
life and prevent neurological disorders, yet limit the risk of 
ROP. The risk of some degree of ROP in these infants is 
extremely high. Because the inner retinal blood vessels start 
growing about midpregnancy and have fully vascularized the 
retina by full term, their growth is incomplete in premature 
infants. Susceptibility to ROP varies but correlates with the 
proportion of retina that remains avascular at birth. ROP 
occurs when normal blood vessels in the retina fail to reach 
the retinal periphery, leaving retinal tissue ischemic (oxygen 
deprived). When this occurs, neovascularization may occur at 
the border of the ischemic (oxygen starved) and non-ischemic 
retina. The neovascular tissue may grow into the vitreous 
humor resulting in tractional membranes, and cause trac 
tional retinal detachment if not treated. In addition, an abnor 
mal ridge of tissue forms between the vascularized central 
retina and the nonvascularized peripheral retina. In severe 
ROP, these new vessels invade the vitreous, and sometimes 
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the entire vasculature of the eye becomes engorged (“plus” 
disease). The abnormal vessel growth often subsides sponta 
neously but, in about 4% of survivors Weighing <1 kg at birth, 
progresses to produce retinal detachments and vision loss 
Within 2 to 12 mo postpartum. 
[0045] Children With healed ROP have a higher incidence 
of myopia, strabismus, and amblyopia. A feW children With 
moderate, healed ROP are left With cicatricial scars (e.g., 
dragged retina or retinal folds) but no initial retinal detach 
ments and are at risk for retinal detachments later in life. 
[0046] Prevention of premature birth is the best preventive 
of ROP. After a preterm birth, oxygen should be used only in 
amounts suf?cient to avoid hypoxia. Improved ROP preven 
tion remains a focus of intensive investigation WorldWide. In 
severe ROP, cryotherapy or laser photocoagulation to ablate 
the peripheral avascular retina can halve the incidence of 
retinal fold or detachment. Retinal vasculariZation must be 
closely folloWed at 1-to 2-Week intervals until the vessels 
have matured suf?ciently Without reaching the preconditions 
for cryotherapy or laser photocoagulation to the ischemic 
retina. If retinal detachments occur in infancy, scleral buck 
ling surgery or vitrectomy With lensectomy may be consid 
ered, but these procedures are late rescue efforts With loW 
bene?t. 

1.3.5.4 Neovascular Glaucoma 

[0047] Neovascular glaucoma is a form of glaucoma that 
most commonly is associated With proliferative diabetic ret 
inopathy (PDR) and central retinal vein occlusion (CRVO). 
Other causative factors include carotid occlusive disease (ca 
rotid artery plaques resulting in signi?cant lumen narroWing 
or occlusion), central retinal artery occlusion (CRAO), tem 
poral arteritis, and many other conditions that result in 
ischemia (reduced blood How) of the retina or ciliary body. 
[0048] The mechanism of neovascular glaucoma is the 
development of neovasculariZation in the angle of the eye 
causing obstruction to ?uid egress via the trabecular mesh 
Work, the primary out?oW pathWay of the eye. When the 
retina is ischemic, it is theoriZed that an angiogenic factor, 
acting as a local hormone, is released from the ischemic tissue 
and this results in the development of neovasculariZation. 
NeovasculariZation occurs primarily in the folloWing loca 
tions: optic nerve, retina, iris, and angle of the eye. 
[0049] Ablation of the ischemic tissue via pan-retinal laser 
photocoagulation (PRP), therefore, is believed to minimize 
the angiogenic factor production, and the neovascular tissue 
consequently regresses. Medical management, including the 
use of topical eye-drop medications and steroids, is usually 
used until the PRP takes effect (vessels regress). Laser abla 
tion of the vessels in the angle of the eye is only occasionally 
effective and may be used as a temporary measure to help 
keep the angle open. 
[0050] For those patients in Whom laser photocoagulation 
(PRP) is not effective, glaucoma ?ltration surgery, implanta 
tion of a glaucoma drainage device (tube shunt), or cycloc 
ryotherapy (freeZing therapy of the ciliary body, Which pro 
duces aqueous ?uid) may all be effective. Laser 
cyclophotocoagulation, Which entails use of a laser to destroy 
part of the ciliary body, may also be used. 
[0051] The prevention of neovascular glaucoma is extraor 
dinarily important since treatment is dif?cult and the pro gno 
sis is generally poor. Prophylaxis includes the use of PRP 
laser for patients With both proliferative diabetic retinopathy 
(PDR) and central retinal vein occlusion (CRVO) in Which 
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extensive ischemia (reduced blood How) is present. Unfortu 
nately, it is not alWays possible to determine Which patients 
With these underlying conditions Will develop neovascular 
glaucoma, even With the most meticulous care. 

1.3.5.5 Retinal Vein Occlusion: Central Retinal Vein Occlu 
sion 

[0052] Central retinal vein occlusion (CRVO) presents With 
mild to severe, sudden, painless, visual loss. The majority of 
patients Will either have systemic hypertension, chronic 
open-angle glaucoma, or signi?cant atherosclerosis. The ?nal 
insult of these disorders causing the CRVO is generally a 
thrombus of the central retinal vein just as it enters the eye. 
The ophthalmologist may ?nd mild to severe hemorrhages 
and cotton-Wool spots in the retina, the latter of Which indi 
cate ischemia. 

[0053] The initial vision on presentation is a good predictor 
of the ?nal visual outcome. That is, the Worse the vision 
initially, the Worse the ?nal visual acuity. In fact, in half of 
patients, ?nal visual acuity remains Within 3 lines on the eye 
chart. There are tWo basic classes that ophthalmologists Will 
use to classify CRVO’s upon presentation. These are the 
ischemic (poor blood How) and non-ischemic types. The lat 
ter of these types generally has much better vision upon 
presentation and feWer clinical ?ndings on exam. 
[0054] The prognosis for the non-ischemic type of CRVO is 
good. The ischemic type almost alWays has vision of 20/ 100 
or Worse on initial presentation, and has a much higher risk of 
developing complications. These patients must be folloWing 
carefully, perhaps every feW Weeks, to evaluate for signs of 
neovasculariZation both in the retina and on the iris. Neovas 
culariZation of the retina or optic nerve may result in bleeding 
(vitreous hemorrhage) and neovasculariZation of the iris may 
result in intractable glaucoma (high pressure failing to 
respond to all conventional therapy). Both conditions, if they 
develop, are typically treated With laser to the retina (pan 
retinal photocoagulation) in attempt to cause regression of the 
neovasculariZation. Eyes considered to be in the ischemic 
CRVO category, may also be treated With laser photocoagu 
lation of the retina to prevent these dreaded complications. 

1.3.5.6 Retinal Vein Occlusion: Branch Retinal Vein Occlu 
sion 

[0055] A branch retinal vein occlusion (BRVO) may 
present With decreased vision, peripheral vision loss, distor 
tion of vision, or “blind spots.” The condition is unilateral and 
usually develops in a patient With hypertension or diabetes 
mellitus. The cause of the condition is a localiZed thrombus 
development in a branch retinal vein due to arteriosclerosis 
(hardening of the arteries) in an adjacent branch retinal arte 
riole. 
[0056] The ophthalmologist Will see retinal hemorrhages 
along the involved retinal vein, the pattern of Which nearly 
alWays leads to the correct diagnosis. Many ophthalmologists 
Will obtain a ?uorescein angiogram during the recovery 
period if neovasculariZation is suspected. A ?uorescein 
angiogram is an extraordinarily safe, in-o?ice diagnostic pro 
cedure, in Which ?uorescein dye is administered by IV or 
sometimes orally, and retinal photography is subsequently 
completed. 
[0057] Patients are typically re-evaluated every one to tWo 
months to evaluate for chronic macular edema (sWelling) 
and/or neovasculariZation. If macular edema persists beyond 
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3 to 6 months and visual acuity is reduced below 20/40, the 
patient may be treated With focal laser. For those patients Who 
meet the guidelines for treatment, laser photocoagulation has 
been shoWn to improve vision and to increase the chances that 
?nal visual acuity Will be 20/40 or better. If neovasculariZa 
tion develops, or if the BRVO involves a signi?cantly large 
area of retina, Which may predispose to the development of 
neovasculariZation, the patient may undergo pan-retinal laser 
photocoagulation. Many patients Will have resolution of the 
retinal hemorrhages and macular sWelling, over a several 
month period, With retention of good vision. For those requir 
ing laser treatment, the ophthalmologist Will use rather strict 
criteria to determine Which patients Will bene?t from laser 
treatment. 

[0058] According to the above, there is still a high degree of 
unmet need in the prevention, treatment and/or cure of dis 
eases caused by ocular neovasculariZation. Particularly, cur 
rent treatments are limited ef?cacy and associated With sig 
ni?cant adverse effects. 
[0059] The inventors of the present invention have noW 
found that the Hedgehog signaling is involved in ocular 
neovasculariZation and that interfering With Hedgehog sig 
naling upon administration of a Hedgehog-interference sub 
stance can prevent, inhibit and/ or reverse ocular neovascular 
iZation. 

1.3.6 Hedgehog Inhibitors 

[0060] The Hedgehog (Hh) pathWay can be blocked at dif 
ferent levels, and many Hh inhibitors are in the public domain 
[43-47]. They are primarily investigated as potential anti 
cancer agents. The actual nature of the Hh inhibitor used does 
not limit the scope of the invention. This invention primarily 
addresses the therapeutic use of substances that interfere With 
Hedgehog signaling in general, and Shh signaling in particu 
lar, to prevent, inhibit and/or revert ocular neovasculariZation 
and the pathological consequences resulting from ocular 
neovasculariZation. Thus, the nature of the Hh inhibitor, and 
the biological target of the Hh inhibitor should not be consid 
ered as limitations of the present invention. 
[0061] Inhibition of Hh signaling has been reported With 
antibodies, such as (for example) antibodies directed against 
Sonic Hedgehog (Shh). Moreover, several speci?c Smooth 
ened (Smo) inhibitors have been identi?ed such as e.g., 
Cyclopamine [46, 48, 49]. Some other inhibitors of Smo have 
been identi?ed in tWo large-scale screens for small-molecule 
inhibitors. These inhibitors include several that potently 
block a constitutively activated form of Smo that is knoWn to 
cause BCCs (SANT1-4, Cur6l4l4) [47] 

1.3.6.1 Cyclopamine 

[0062] Cyclopamine, a natural alkaloid derivative that is 
isolated from a plant of the lily family Veratum californicum, 
represents the ?rst member of a class of small chemical com 
pounds that speci?cally inhibit the Hh pathWay. In its pre 
ferred embodiment, administration of cyclopamine to a mam 
malian subject Was used to prevent ocular neovasculariZation. 
Cyclopamine is a potent teratogen that speci?cally inhibits 
Smo activity by binding to its heptahelical bundle. Treatment 
of mice that carry Hh-dependent tumors With cyclopamine 
results in groWth inhibition and regression of cancerous tis 
sue, but does not affect the health of treated animals. Thus it 
seems that Hh inhibition by cyclopamine causes little, if any, 
toxic effects on cells that do not depend on Hh signalling. 
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Cyclopamine, hoWever, is di?icult to synthesiZe in large 
quantities and therefore is not applicable as a therapeutic 
agent for diseases Where a large quantity of drug is needed 
(e.g., cancer)ia factor that might also apply to a modi?ed 
and more effective version of this compound, KAADcyclo 
pamine. Yet, for ocular diseases, a smaller quantity of cyclo 
pamine is suf?cient to be therapeutically effective. Moreover, 
as many ocular diseases that involve ocular neovasculariZa 
tion affect primarily older humans, teratogenicity might not 
be a safety limitation for the majority of patients. 
[0063] Apart from its use in cancer treatment, cyclopamine 
has also been applied successfully to the treatment of skin 
related disorders such as psoriasis ([39, 40]). 
[0064] Cyclopamine had been in-licensed by Curis from 
Johns Hopkins University School of Medicine in September 
2000. In August 2004, data Were published that shoWed the 
Hh signalling pathWay played an essential role in endothelial 
tube formation during vasculogenesis [50, 51]. One month 
later, a study published in Cancer Research shoWed that 
cyclopamine blocks the groWth of breast cancer cells via the 
Hh signalling pathWay [52]. 
1.3.6.2 Hedgehog interacting protein 1 (Hip1) 
[0065] As mentioned, in response to Hh, at least tWo pro 
teins that are up-regulated: Patchedl (Ptcl), the Hh receptor, 
a general target in both invertebrate and vertebrate organisms, 
and Hip1, a Hh-binding protein that is vertebrate speci?c 
[53]. Hip1 stands for Hedgehog interacting protein 1 (Hip1). 
It is a negative regulator of Hh signaling. It has been shoWn 
that loss of Hip1 function results in speci?c defects in tWo Hh 
target issues, the lung, a target of Sonic hedgehog (Shh) 
signaling, and the endochondral skeleton, a target of Indian 
hedgehog (Ihh) signaling. 
[0066] Human Hip1 (SEQ ID NO:4) is encoded in humans 
by the HHIP gene (GeneID: 64399; SEQ ID NO:3). HHIP 
comprises 13 exons and spans >91 kb encoding a protein of 
.about.700 amino acids Which shares 94% sequence identity 
With mouse Hip1 (SEQ ID NO:2). The sequence of the mouse 
cDNA for Hip1 is listed in SEQ ID NO:1. HHIP maps to 
chromosome 4q31.21.fWdarW. q31.3. It is a type I transmem 
brane protein [54] that binds all mammalian Hh proteins With 
an a?inity similar to that of Ptc 1, but this binding most likely 
regulates the availability of ligand, thereby attenuating sig 
naling rather than activating a novel pathWay. Like Ptc, 
expression of Hip1 is up-regulated in response to Hh signal 
ing [54], but unlike Ptc, there is no evidence that it acts by 
directly regulating Smo. Therefore, Hip1 adds a second layer 
of control to the Hh negative feedback mechanism, a layer 
that is exclusive to vertebrates. 
[0067] By deleting the transmembrane domain and retain 
ing and/ or inserting a secretion signal peptide, one can create 
a secreted version of Hip1 (sHip1) (SEQ ID NO:6), Which is 
encoded by the correspondingly modi?ed cDNA, sHIPl 
(SEQ ID NO:5). This secreted version is still able to bind and 
sequester Hedgehog, thus interfering With Hedgehog signal 
ing. A secreted version of Hip1 has been published in prior art 
[55] [56]. 

1.3.7 Gene Transfer 

[0068] Gene transfer systems can be classi?ed along differ 
ent dimensions [0068] (A) Nature or origin of the system 
[0069] (B) Delivery mechanism; [0070] (C) Site of gene 
transfer (e.g., ex vivo, in vitro, in vivo). 
[0069] (A) Based on the nature or origin of the gene transfer 
system, existing delivery systems for nucleic acid composi 
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tions canbe subdivided into three groups: (1 ) viral vectors, (2) 
non-viral vectors, and (3) naked nucleic acids. Regarding 
vector targeting (speci?city) and ef?ciency, viral vector sys 
tems are superior to conventional non-viral vectors and naked 
nucleic acids. On the other hand, non-viral vectors and naked 
nucleic acids are safer, easier to upscale in production and 
alloW for the delivery of modi?ed nucleic acids compared to 
viral vectors. 

[0070] (B) Alternatively, based on the delivery mechanism, 
gene transfer methods fall into the folloWing three broad 
categories: (1) physical (e.g., electroporation, direct gene 
transfer and particle bombardment), (2) chemical (e.g. lipid 
based carriers and other non-viral vectors) and (3) biological 
(e. g. virus or bacterium derived vectors). 
[0071] (C) Gene therapy methodologies can also be 
described by delivery site. Fundamental Ways to deliver genes 
include ex vivo gene transfer, in vivo gene transfer, and in 
vitro gene transfer. In ex vivo gene transfer, cells are taken 
from the subject and groWn in cell culture. The nucleic acid 
composition is introduced into the cells, the transduced or 
transfected cells are (in some instances) expanded in number 
and then reimplanted in the subject. In in vitro gene transfer, 
the transformed cells are cells groWing in culture, such as 
tissue culture cells, and not particular cells from a particular 
subject. These “laboratory cells” are transfected or trans 
duced; the transfected or transduced cells are then in some 
instances selected and/or expanded for either implantation 
into a subject or for other uses. In vivo gene transfer involves 
introducing the nucleic acid composition into the cells of the 
subject When the cells are Within the subject. 
[0072] Several delivery mechanisms may be used to 
achieve gene transfer in vivo, ex vivo, and/or in vitro: 
[0073] Mechanical (i.e. physical) methods of DNA deliv 
ery can be achieved by direct injection of DNA, such as 
microinj ection of DNA into germ or somatic cells, pneumati 
cally delivered DNA-coated particles, such as the gold par 
ticles used in a “gene gun,” and inorganic chemical 
approaches such as calcium phosphate transfection. It has 
been found that physical injection of plasmid DNA into 
muscle cells yields a high percentage of cells that are trans 
fected and have a sustained expression of marker genes. The 
plasmid DNA may or may not integrate into the genome of the 
cells. Non-integration of the transfected DNA Would alloW 
the transfection and expression of gene product proteins in 
terminally differentiated, non-proliferative tissues for a pro 
longed period of time Without fear of mutational insertions, 
deletions, or alterations in the cellular or mitochondrial 
genome. Long-term, but not necessarily permanent, transfer 
of therapeutic genes into speci?c cells may provide treat 
ments for genetic diseases or for prophylactic use. The DNA 
could be reinj ected periodically to maintain the gene product 
level Without mutations occurring in the genomes of the 
recipient cells. Non-integration of exogenous DNAs may 
alloW for the presence of several different exogenous DNA 
constructs Within one cell With all of the constructs expressing 
various gene products. Particle-mediated gene transfer may 
also be employed for injecting DNA into cells, tissues and 
organs. With a particle bombardment device, or “gene gun,” a 
motive force is generated to accelerate DNA coated high 
density particles (such as gold or tungsten) to a high velocity 
that alloWs penetration of the target organs, tissues or cells. 
Electroporation for gene transfer uses an electrical current to 
make cells or tissues susceptible to electroporation-mediated 
gene transfer. A brief electric impulse With a given ?eld 
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strength is used to increase the permeability of a membrane in 
such a Way that DNA molecules can penetrate into the cells. 
The techniques of particle-mediated gene transfer and elec 
troporation are Well knoWn to those of ordinary skill in the art. 

[0074] Chemical methods of gene therapy involve carrier 
mediated gene transfer through the use of fusogenic lipid 
vesicles such as liposomes or other vesicles for membrane 
fusion. A carrier harboring a DNA of interest can be conve 
niently introduced into body ?uids or the bloodstream and 
then site speci?cally directed to the target organ or tissue in 
the body. Liposomes, for example, can be developed Which 
are cell speci?c or organ speci?c. The foreign DNA carried by 
the liposome thus Will be taken up by those speci?c cells. 
Injection of immunoliposomes that are targeted to a speci?c 
receptor on certain cells can be used as a convenient method 
of inserting the DNA into the cells bearing the receptor. 
Another carrier system that has been used is the asialoglyco 
protein/polylysine conjugate system for carrying DNA to 
hepatocytes for in vivo gene transfer. Transfected DNA may 
also be complexed With other kinds of carriers so that the 
DNA is carried to the recipient cell and then resides in the 
cytoplasm or in the nucleoplasm of the recipient cell. DNA 
can be coupled to carrier nuclear proteins in speci?cally engi 
neered vesicle complexes and carried directly into the 
nucleus. Carrier mediated gene transfer may also involve the 
use of lipid-based proteins Which are not liposomes. For 
example, lipofectins and cytofectins are lipid-based positive 
ions that bind to negatively charged DNA, forming a complex 
that can ferry the DNA across a cell membrane. Another 
method of carrier mediated gene transfer involves receptor 
based endocytosis. In this method, a ligand (speci?c to a cell 
surface receptor) is made to form a complex With a gene of 
interest and then injected into the bloodstream; target cells 
that have the cell surface receptor Will speci?cally bind the 
ligand and transport the ligand-DNA complex into the cell. 
[0075] Biological gene therapy methodologies usually 
employ viral vectors to insert genes into cells. The transduced 
cells may be cells derived from the patient’s normal tissue, the 
patient’s diseased tissue, or may be non-patient cells. Viral 
vectors that have been used for gene therapy protocols include 
but are not limited to, retroviruses, lentivruses, other RNA 
viruses such as pollovirus or Sindbis virus, adenovirus, 
adeno-associated virus, herpes viruses, simian virus 40, vac 
cinia and other DNA viruses. 

[0076] Replication-defective murine retroviral vectors are 
commonly utiliZed gene transfer vectors. Murine leukemia 
retroviruses are composed of a single strand RNA complexed 
With a nuclear core protein and polymerase (pol) enZymes, 
encased by a protein core (gag) and surrounded by a glyco 
protein envelope (env) that determines host range. The 
genomic structure of retroviruses include the gag, pol, and 
env genes ?anked by 5' and 3' long terminal repeats (LTR). 
Retroviral vector systems exploit the fact that a minimal 
vector containing the 5' and 3' LTRs and the packaging signal 
are suf?cient to alloW vector packaging, infection and inte 
gration into target cells providing that the viral structural 
proteins are supplied in trans in the packaging cell line. Fun 
damental advantages of retroviral vectors for gene transfer 
include ef?cient infection and gene expression in most divid 
ing cell types, precise single copy vector integration into 
target cell chromosomal DNA, and ease of manipulation of 
the retroviral genome. For example, altered retrovirus vectors 
have been used in ex vivo and in vitro methods to introduce 
genes into peripheral and tumor-in?ltrating lymphocytes, 
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hepatocytes, epidermal cells, myocytes, or other somatic cells 
(Which may then be introduced into the patient to provide the 
gene product from the inserted DNA). For descriptions of 
various retroviral systems, see, e.g., US. Pat. No. 5,219,740; 
[49-53]. The main disadvantage of retroviral systems is that 
retroviral vectors can only infect dividing cells. Lentiviral 
vectors overcome this limitation. Nevertheless, production of 
retro-and lentiviral vectors is complex, and the virions are not 
very stable compared to other viruses. More recently, the 
danger of inducing cancer through insertional mutagenesis 
has been raised as a major safety concern [54] [55]. 
[0077] A number of adenovirus based gene delivery sys 
tems have also been developed. Human adenoviruses are 
double stranded, linear DNA viruses With a protein capsid 
that enter cells by receptor-mediated endocytosis. Adenoviral 
vectors have a broad host range and are highly infectious, 
even at loW virus titers. Moreover, adenoviral vectors can 
accommodate relatively long transgenes compared to other 
systems. A number of adenovirus based gene delivery sys 
tems have also been described [56-62]. The main limitation of 
adenoviral vectors is their high degree of immunogenicity, 
Which limits their use in respect to applications that require 
long-term gene expression. 
[0078] For many applications, long-term gene expression 
(over several years) Will have to be achieved. This is also the 
case for the present invention. So far, primarily adeno-asso 
ciated virus based vectors alloW for this. Most other viral 
vectors are limited by expression of viral genes so that trans 
duced cells Will be eliminated by the immune system (e.g., 
adenoviral vectors), gene silencing (retroviral vectors or len 
tiviral vectors) or questionable safety pro?le (e.g., retroviral 
vectors or adenoviral vectors). 

1 .3 .7.1 Adeno-Associated Viral Vectors 

[0079] The present invention uses adeno-associated virus 
based vectors [63] [64] [65] for the transfer of an RNAi 
expression cassette into the appropriate target cells of a mam 
malian subject in vivo. 
[0080] Adeno associated virus (AAV) is a small nonpatho 
genic virus of the parvoviridae family. AAV is distinct from 
the other members of this family by its dependence on a 
helper virus for replication. The approximately 5 kb genome 
of AAV consists of single stranded DNA of either plus or 
minus polarity. The ends of the genome are short inverted 
terminal repeats (ITRs), Which can fold into hairpin structures 
and serve as the origin of viral DNA replication. Physically, 
the parvovirus virion is non-enveloped and its icosohedral 
capsid is approximately 20 nm in diameter. To date, at least 8 
serologically distinct AAVs have been identi?ed and isolated 
from humans or primates and are referred to as AAV types 
1-8. The most extensively studied of these isolates are AAV 
type 2 (AAV2) and AAV type 5 (AAV5). 
[0081] The genome of AAV2 is 4680 nucleotides in length 
and contains tWo open reading frames (ORFs). The left ORF 
encodes the non-structural Rep proteins, Rep40, Rep52, 
Rep68 and Rep78, Which are involved in regulation of repli 
cation and transcription in addition to the production of 
single-stranded progeny genomes. Furthermore, tWo of the 
Rep proteins have been associated With the preferential inte 
gration of AAV2 genomes into a region of the q arm of human 
chromosome 19. Rep68/78 have also been shoWn to possess 
NTP binding activity as Well as DNA and RNA helicase 
activities. The Rep proteins possess a nuclear localiZation 
signal as Well as several potential phosphorylation sites. 
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Mutation of one of these kinase sites resulted in a loss of 
replication activity. The ends of the genome are short inverted 
terminal repeats, Which have the potential to fold into 
T-shaped hairpin structures that serve as the origin of viral 
DNA replication. Within the ITR region tWo elements have 
been described Which are central to the function of the ITR, a 
GAGC repeat motif and the terminal resolution site (trs). The 
repeat motif has been shoWn to bind Rep When the ITR is in 
either a linear or hairpin conformation. This binding serves to 
position Rep68/78 for cleavage at the trs, Which occurs in a 
site- and strand-speci?c manner. In addition to their role in 
replication, these tWo elements appear to be central to viral 
integration. Contained Within the chromosome 1 9 integration 
locus is a Rep binding site With an adjacent trs. These ele 
ments have been shoWn to be functional and necessary for 
locus speci?c integration. 
[0082] The right ORF of AAV2 encodes related capsid 
proteins referred to as VPl, 2 and 3. These capsid proteins 
form the icosahedral, non-enveloped virion particle of .about. 
20 nm diameter. VPl, 2 and 3 are found in a ratio of 1:1:10. 
The capsid proteins differ from each other by the use of 
alternative splicing and an unusual start codon. Deletion 
analysis has shoWn that removal or alteration of VPl, Which is 
translated from an alternatively spliced message, results in a 
reduced yield of infectious particles. Mutations Within the 
VP3 coding region result in the failure to produce any single 
stranded progeny DNA or infectious particles. 
[0083] The ?ndings described in the context of AAV2 are 
generally applicable to other AAV serotypes as Well. 
[0084] The folloWing features of AAV have made it an 
attractive vector for gene transfer. AAV vectors possess a 
broad host range [66], transduce both dividing and non divid 
ing cells in vitro and in vivo and maintain high levels of 
expression of the transduced genes in the absence of a sig 
ni?cant immune response to the transgene product in general. 
Moreover, as Wild-type AAV is non-pathogenic, AAV vector 
particles are assumed to be non-pathogenic as Well (in con 
trast to adenoviral vectors). Viral particles are heat stable, 
resistant to solvents, detergents, changes in pH and tempera 
ture. The ITRs have been shoWn to be the only cis elements 
required for replication and packaging and may contain some 
promoter activities. Thus, AAV vectors encode no viral genes. 

2. SUMMARY OF THE INVENTION 

[0085] The folloWing paragraphs Will provide a summary 
of the invention. 

2.1 Substance or General Idea of the Claimed Invention 

[0086] The present invention relates to methods for pre 
venting, inhibiting, and/or reversing ocular neovasculariZa 
tion by interfering With the Hedgehog signaling pathWay. 
Ocular neovasculariZation is the leading cause of blindness in 
developed countries. It is involved in many pathologies such 
as (Wet) age-related macular degeneration, (proliferative) 
diabetic retinopathy, neovascular glaucoma, retinal vein 
occlusion or retinopathy of prematurity (ROP). Yet, there is 
still a high degree of unmet need in the prevention, treatment 
and/or cure of diseases caused by ocular neovasculariZation. 
[0087] Interference With the Hedgehog signaling pathWay 
is achieved by administering to a mammalian subject a sub 
stance that interferes With the Hedgehog signaling pathWay. 
In one embodiment, cyclopamine interferes With the Hedge 
hog signaling pathWay by inhibiting Smo function, thus pre 
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venting ocular neovasculariZation in a mammalian subject. In 
another embodiment, In another embodiment, a modi?ed, 
secreted form of Hip1 is either injected in the eye of a mam 
malian subject, or is expressed by a gene transfer vector in the 
eye of a mammalian subject. Said modi?ed, secreted form of 
Hip1 sequesters Hedgehog outside the cell, thus inhibiting 
binding of Hedgehog to its receptor, Ptcl, and interfering 
With Hedgehog signaling. 
[0088] The inventors are the ?rst to shoW [0091] (1) The 
involvement of Hedgehog signaling in ocular neovasculariZa 
tion, and [0092] (2) That interfering With Hedgehog signaling 
can prevent, inhibit and/ or reverse ocular neovasculariZation. 
Upon administration of a Hedgehog-interference substance, 
ocular neovasculariZation Will be prevented, inhibited and/or 
reversed, thus preventing and/ or ameliorating the pathologies 
associated With ocular neovasculariZation. In one embodi 
ment, the inventors prove interference With the Hedgehog 
signaling pathWay by administration of cyclopamine to a 
mammalian subject in a model of choroidal neovasculariZa 
tion. 
[0089] Also provided are pharmaceutical kits containing 
the Hedgehog-signaling interfering substance in a suitable 
pharmaceutical suspension for administration. 
[0090] We disclose that the method of the present invention 
[0095] (1) Is effective in preventing, inhibiting, and/ or revers 
ing ocular neovasculariZation in a mammalian subject in vivo 
[0096] (2) Will lead to a therapeutic bene?t for a mammalian 
subject suffering from a disease caused by ocular neovascu 
lariZation such as (Wet) age-related macular degeneration, 
(proliferative) diabetic retinopathy, neovascular glaucoma, 
retinal vein occlusion or retinopathy of prematurity (ROP). 
[0097] (3) Will achieve the effects listed in (1) and (2) by 
interfering With the Hedgehog signaling pathWay. 
[0091] A signi?cant aspect of the present invention relates 
to the demonstration that interfering With Hedgehog signal 
ing in vivo in mammalian subjects by administering a sub 
stance that interferes With Hedgehog signaling is able to 
prevent, inhibit, and/ or reverse ocular neovasculariZation. 
This had not been previously described in the art. Thus, the 
present invention provides, for the ?rst time, a demonstration 
of the importance of interfering With the Hedgehog signaling 
pathWay to prevent, inhibit, and/or reverse ocular neovascu 
lariZation. In the preferred embodiment, the inventors prevent 
ocular neovasculariZation by administering cyclopamine to 
the eye of a mammalian subject in vivo. Cyclopamine is an 
inhibitor of Smo, and thus interferes With Hedgehog signal 
ing, particularly Sonic Hedgehog signaling. 
[0092] Also disclosed are pharmaceutical kits containing a 
substance that interferes With Hedgehog signaling in a suit 
able pharmaceutical suspension for administration. In this 
aspect, the invention provides a pharmaceutical kit for deliv 
ery of said substance. The kit may contain a container for 
administration of a predetermined dose. The kit further may 
contain a suspension containing the substance that interferes 
With Hedgehog signaling for delivery of a predetermined 
dose, said suspension comprising [0100] (a) the substance 
that interferes With Hedgehog signaling, and [0101] (b) a 
physiologically compatible carrier. 
[0093] In one embodiment, the Hedgehog-signaling inter 
fering substance Will be administered to the eye by intravit 
real injection. In another embodiment, the Hedgehog-signal 
ing interfering substance Will be administered to the eye by 
subretinal injection. In yet another embodiment, the Hedge 
hog-signaling interfering substance is formulated in a suspen 
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sion that can be topically applied to the eye, either in the form 
of a creme or in the form of eye drops. Many different for 
mulations and Ways of administrations canbe envisioned, and 
should not be considered limiting on the scope of the present 
invention. 
[0094] Practice of the present invention Will provide useful 
medical applications as described beloW under “Utility Of 
The Present Invention”. In summary, the invention provides a 
method for treating a mammalian subject With a disease 
caused in total or in part by ocular neovasculariZation by 
administering to the mammalian subject in vivo a substance 
that interferes With the Hedgehog signaling pathWay in gen 
eral, and the Shh signaling pathWay in particular. In its pre 
ferred embodiment, the mammalian subject is a human 
patient, and the substance that interferes With Shh signaling is 
cyclopamine, Which inhibits Shh signaling by inhibiting Smo 
function. 
[0095] This invention also provides a method of treating a 
subject having an eye disorder ameliorated by interfering 
With the Hedgehog signaling pathWay, comprising adminis 
tering to the subject a therapeutically effective amount of the 
instant pharmaceutical composition comprising a substance 
that interferes With Hedgehog signaling. 
[0096] Moreover, this invention also provides a method of 
inhibiting in a subject the onset of an eye disorder ameliorated 
by interfering With the Hedgehog signaling pathWay, com 
prising administering to the subject a prophylactically effec 
tive amount of the instant pharmaceutical composition com 
prising a substance that interferes With Hedgehog signaling. 
[0097] The exact nature of the substance that interferes 
With Hedgehog signaling does not limit the scope of the 
invention: Said substance can be a small molecule (such as 
cyclopamine), an antibody (such as 5E1), a protein or protein 
fragment, an aptamer, a small interfering RNA, a riboZyme, 
an antisense nucleic acid molecule, a soluble receptor, a 
modi?ed version of a Hedgehog protein, a peptoid, or any 
other substance that interferes With Hedgehog signaling. In 
case of proteins and nucleic acids: These substances might be 
either directly administered to the patient, or expressed Within 
the patient by using a recombinant gene transfer vector such 
as an AAV vector. 

[0098] Moreover, the therapeutic of the present invention 
can be administered to the subject by many means. The exact 
method chosen should not limit the scope of the present 
invention. For example, the therapeutic of the present inven 
tion can be injected intravitreally or subretinally into the eye, 
it could be applied topically (e.g., as a creme), or it can be 
administered in the form of eye drops. In preferred embodi 
ments, the therapeutic of the invention is applied locally to the 
eye. 
[0099] Similarly, the therapeutic of the present invention 
can be formulated in different forms and suspended in a 
multitude of pharmaceutically acceptable carriers. The 
choice of formulation and pharmaceutical carrier should not 
limit the scope of the present invention. 
[0100] To summarize: The present invention describes for 
the ?rst time that interference With Hedgehog signaling in 
general, and Shh signaling in particular, prevents, inhibits, 
and/or reverses ocular neovasculariZation, a process involved 
in many eye-related pathologies. Interference With Hedgehog 
signaling in general, and sonic Hedgehog signaling in par 
ticular Will exert a therapeutic bene?t on the individual 
treated With a Hedgehog-signaling interference substance. 
The exact nature or composition of said substance, its formu 
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lation and suspension, its Way of administration should not 
limit the scope of this invention: As long as a substancei 
including a combination of substancesiinterferes With 
Hedgehog signaling in general, and Sonic Hedgehog signal 
ing in particular, to inhibit, prevent, and/or reverse ocular 
neovasculariZation in a mammalian subject, it should be con 
sidered claimed by the present invention. Whereas the inven 
tors describe the usefulness of the present invention for a 
range of eye diseases With high unmet needisuch as (Wet) 
age-related macular degeneration, (proliferative) diabetic ret 
inopathy, neovascular glaucoma, retinal vein occlusion, or 
retinopathy of prematurity (ROP)iit should be understood 
that the artisan Will be able to identify further eye diseases 
Whose pathology involve ocular neovasculariZation. The 
exact nature of the eye disease should not be considered a 
limitation of the present invention: All eye pathologies that 
involve ocular neovasculariZation in their aetiology should be 
considered claimed in the present invention. 

2.2 Advantages of the Invention Over Prior Approaches 

[0101] Ocular neovasculariZation is the leading cause of 
blindness in developed countries due to its involvement in 
multiple pathologies such as (Wet) age-related macular 
degeneration, (proliferative) diabetic retinopathy, neovascu 
lar glaucoma, retinal vein occlusion, or retinopathy of prema 
turity (ROP). Yet, there is still a high degree of unmet need in 
the prevention, treatment and/or cure of diseases caused by 
ocular neovasculariZation. 
[0102] The present invention relates to methods for pre 
venting, inhibiting, and/or reversing ocular neovasculariZa 
tion by interfering With the Hedgehog signaling pathWay by 
administering to a mammalian subject a substance that inter 
feres With the Hedgehog signaling pathWay. In the preferred 
embodiments, the Hedgehog-signaling interfering substance 
is formulated in an acceptable pharmaceutical carrier and/or 
suspension and provided in a pharmaceutical kit. 
[0103] Thus, the present invention is of great medical use to 
address the high unmet need in eye disorders Whose aetiology 
involve ocular neovasculariZation. By making use of the 
present invention, a therapeutic bene?t can be achieved in a 
mammalian individual (including a human being) suffering 
from or being at risk of an eye disease that involves ocular 
neovasculariZation in its pathological process. 
[01 04] The present invention is also novel in the respect that 
the inventors are the ?rst to shoW [01 14] (l) The involvement 
of Hedgehog signaling in general, and Shh signaling in par 
ticular, and Smo activity in detail, in ocular neovasculariZa 
tion, and [01 15] (2) That interfering With Hedgehog signaling 
in general, Shh signaling in particular, and Smo activity in 
detail, can prevent, inhibit and/ or reverse ocular neovascular 
iZation: Upon administration of a Hedgehog-signaling-inter 
ference substance, ocular neovasculariZation Will be pre 
vented, inhibited and/ or reversed, thus preventing and/or 
ameliorating the pathologies associated With ocular neovas 
culariZation. In one embodiment, cyclopamine is used as to 
interfere With Hedgehog signaling in general, and Shh sig 
naling in particular. Cyclopamine interferes With Shh signal 
ing by inhibiting Smo function, thus preventing and/or inhib 
iting ocular neovasculariZation, e.g., in an animal model of 
choroidal neovasculariZation. 
[0105] It has been shoWn in prior art (Pola et al.) that cells 
in the adult vasculature both express ptcl and can respond to 
exogenous Hedgehog. Pola et al. also Were able to prove that 
Hedgehog is able to induce robust neovasculariZation in the 
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corneal pocket model of angiogenesis. In the same publica 
tion, the group found that the Hedgehog-signaling pathWay is 
present in adult cardiovascular tissues and can be activated in 
vivo. Shh Was able to induce robust angiogenesis, character 
iZed by distinct large-diameter vessels. Shh also augmented 
blood-?oW recovery and limb salvage folloWing operatively 
induced hind-limb ischemia in aged mice. In summary, the 
group discovered a novel role for Shh as an indirect angio 
genic factor that regulates expression of multiple angiogenic 
cytokinesiindicating a potential therapeutic use of Shh for 
ischemic disorders. 
[0106] HoWever, Whereas this group has shoWn a role for 
Shh in ischemic diseases, there has not yet been reports of the 
involvement of Hedgehog in general and Shh in particular in 
ocular neovasculariZation. Moreover, there have not yet been 
reports that interfering With Hedgehog signaling in general 
and Shh signaling in particular, and interference by inhibiting 
Smo activation in detail, Will inhibit, prevent, and/or revert 
ocular neovasculariZation and the pathological processes 
involved With it. The inventors are the ?rst to shoW that 
particular effect, thus providing an advancement and 
improvement in the art over prior knoWledge. 
[0107] Prior art also describes a role for inhibiting Hedge 
hog in cancer and skin-related diseases such as Psoriasis. It 
has also been published that cyclopamine is able of inhibiting 
Smo function, and thus inhibiting Shh signaling. HoWever, it 
has not yet been published that interfering With the Hedgehog 
signaling pathWay is able to prevent, inhibit, and/or revert 
ocular neovasculariZation. The inventors are the ?rst to shoW 
that particular effect, thus providing an advancement and 
improvement in the art over prior knoWledge. 
[0108] Furthermore, the inventors are the ?rst to shoW a 
therapeutic bene?t of using a Hedgehog-signaling-interfer 
ing substance in a mammalian subject to prevent, inhibit 
and/or reverse ocular neovasculariZation in vivo in an animal 
model of choroidal neovasculariZation (CNV). Prior art has 
not yet described the involvement of Shh signaling in ocular 
neovasculariZation, and that cyclopamine can be used to 
modulate ocular neovasculariZation. 

3. DETAILED DESCRIPTION OF THE 
INVENTION 

[0109] The present invention relates to methods of prevent 
ing, inhibiting, and/ or reversing ocular neovasculariZation in 
a mammalian subject comprising administering to the subject 
a therapeutically effective amount of a substance that inter 
feres With the Hedgehog signaling pathWay. Ocular neovas 
culariZation is a major cause of blindness in developed coun 
tries. It is causally involved in many ocular diseases including 
age-related macular degeneration, (proliferative) diabetic ret 
inopathy, neovascular glaucoma, retinal vein occlusion or 
retinopathy of prematurity (ROP). Current treatments are of 
limited e?icacy and associated With signi?cant adverse 
effects, re?ecting the high unmet need in those disease areas. 
[0110] More speci?cally, the invention relates to the use of 
a small molecule such as cyclopamine, or a protein such as a 
(humanized) monoclonal antibody to interfere With Hedge 
hog signaling in general, and Shh signaling in particular. The 
inventors demonstrate in the present invention that interfer 
ence With Hedgehog signaling by means of e.g., cyclopam 
ine, is able to prevent, inhibit and/or reverse ocular neovas 
culariZation in a mammalian subject, Which Will have a 
therapeutic bene?t on said subject. 
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[0111] Also provided are pharmaceutical kits containing 
the substance that interferes With Hedgehog signaling in a 
suitable pharmaceutical suspension for administration. 
[0112] The practice of the present invention Will employ, 
unless otherWise indicated, conventional methods of virol 
ogy, chemistry, microbiology, molecular biology and recom 
binant DNA techniques Within the skill of the art. Such tech 
niques are explained fully in the literature; see, e.g., 
Sambrook, et al. Molecular Cloning: A Laboratory Manual 
(Current Edition); DNA Cloning: A Practical Approach, vol. 
I & II (D. Glover, ed.); Oligonucleotide Synthesis (N. Gait, 
ed., Current Edition); Nucleic Acid Hybridization (B. Hames 
& S. Higgins, eds., Current Edition); Transcription and Trans 
lation (B. Hames & S. Higgins, eds., Current Edition); CRC 
Handbook of Parvoviruses, vol. I & II (P. Tijessen, ed.); 
Fundamental Virology, 2nd Edition, vol. I & II (B. N. Fields 
and D. M. Knipe, eds.) 
[0113] It is speci?c object of the present invention the use of 
compounds that interfere With the hedgehog signaling path 
Way for the manufacture of a medicament for preventing, 
inhibiting, and/or reversing ocular diseases related With the 
ocular neovasculariZation. 
[0114] The compounds that interfere With the Hedgehog 
signaling pathWay can be selected from the group comprising 
a small molecule, for example With a molecular Weight of less 
than 2000 Daltons, protein, peptoid, and/or nucleic acid. 
[0115] Small molecules, according to the present invention 
can be selected from the group consisting of steroidal alka 
loids, compound A, SANTl, SANT2, SANT3, SANT4, 
Cur6l4l4, Forskolin, tomatidine, AY9944, triparanol, com 
pound B and functionally effective derivative thereof. 
[0116] Steroidal alkaloids can be selected from the group 
consisting of cyclopamine or a functionally effective deriva 
tive thereof, KAAD-cyclopamine, jervine, aldosterone, 
androstane, androstene, androstenedione, androsterone, 
cholecalciferol, cholestane, cholic acid, corticosterone, cor 
tisol, cortisol acetate, cortisone, cortisone acetate, deoxycor 
ticosterone, digitoxigenin, ergocalciferol, ergosterol, estra 
diol-l7-a, estradiol-l7-.beta., estriol, estrane, estrone, 
hydrocortisone, lanosterol, lithocholic acid, mestranol, 
.beta.-methasone, prednisone, pregnane, pregnenolone, 
progesterone, spironolactone, testosterone, triamcinolone 
and their derivatives. 
[0117] In addition, small molecule can be represented by 
general formula (I) (US patent application N. 20030022819) 

Wherein, as valence and stability permit, R.sub.l and R.sub.2, 
independently for each occurrence, represent H, loWer alkyl, 
aryl (e.g., substituted or unsubstituted), aralkyl (e.g., substi 
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tuted or unsubstituted, e.g., i(CH.sub.2)naryl), or heteroaryl 
(e.g., substituted or unsubstituted), or heteroaralkyl (e. g., sub 
stituted or unsubstituted, e.g., i(CH.sub.2).sub.nhet 
eroaralkyl-); L, independently for each occurrence, is absent 
or representsi(CH.sub.2).sub.n-alkyl, -alkenyl-, -alkynyl-, 
i(CH.sub.2).sub.nalkenyl-, i(CH.sub.2).sub.nalkynyl-, 
i(CH.sub.2).sub.nO(CH.sub.2).sub.p--, i(CH.sub.2).sub. 
nNR.sub.2(CH2).sub.p--, i(CH.sub.2).sub.n S(CH.sub.2). 
sub.p--, i(CH.sub.2).sub.n alkenyl(CH.sub.2).sub.p--, 
i(CH.sub.2).sub.n alkynyl(CH.sub.2).sub.p--, 4O(CH.sub. 
2).sub.n--, iNR.sub.2(CH.sub.2).sub.n--, or iS(CH.sub.2). 
subni; X.sub.l and X.sub.2 can be selected, independently, 
from iN(R.sub.8)--, iOi, iSi, iSei, iNiNi, 
4ONiCHi, --(R.sub.8)NiN(R.sub.8)--, 4ON(R.sub. 
8)--, a heterocycle, or a direct bond betWeen L andY.sub.l or 
Y.sub.2, respectively; Y.sub.l and Y.sub.2 can be selected, 
independently, from 4C(4O)i, 4C(iS)i, iS(O.sub. 
2)--, iS(O)i, iC(iNCN)i, iP(A))(OR.sub.2)--, a 
heteroaromatic group, or a direct bond betWeen X.sub.l and 
Z.sub.l or X.sub.2 and Z.sub.2, respectively; Z.sub.l and 
Z.sub.2 can be selected, independently, from iN(R.sub.8)--, 
ADi, iSi, Sei, iNiNi, iON%Hi, iRsub. 
8NiNR.sub.8--, iONR.sub.8--, a heterocycle, or a direct 
bond betWeenY. sub. 1 orY.sub.2, respectively, and L; R.sub.8, 
independently for each occurrence, represents H, loWer alkyl, 
i(CH.sub.2)naryl (e.g., substituted or unsubstituted), 
i(CH.sub.2)nheteroaryl (e. g., substituted or unsubstituted), 
or tWo R.sub.8 taken together may form a 4-to 8-membered 
ring, e.g., With X.sub.l and Z.sub.l or X.sub.2 and Z.sub.l, 
Which ring may include one or more carbonyls; prepresents, 
independently for each occurrence, an integer from 0 to 10, 
preferably from 0 to 3; and n, individually for each occurence, 
represents an integer from 0 to 10, preferably from 0 to 5. 
[0118] Small molecule can be also represented by general 
formula (II) (US patent application N. 20030022819): 

Wherein, as valence and stability permit, R.sub.l, R.sub.2, 
R.sub.3, and R.sub.4, independently for each occurrence, rep 
resent H, loWer alkyl, i(CH.sub.2).sub.naryl (e.g., substi 
tuted or unsubstituted), or i(CH.sub.2).sub.nheteroaryl 
(e.g., substituted or unsubstituted); L, independently for each 
occurrence, is absent or representsi(CH.sub.2).sub.n--, 
-alkenyl-, -alkynyl-, i(CH.sub.2).sub.nalkenyl-, i(CH.sub. 
2).sub.n alkynyl-, i(CH.sub.2).sub.nO(CH.sub.2).sub.p--, 
i(CH.sub.2).sub.nNR.sub.8(CH.sub.2).sub.p--, i(CH.sub. 
2).sub.nS(CH.sub.2).sub.p--, i(CH.sub.2).sub.nalkenyl 
(CH.sub.2).sub.p--, i(CH.sub.2).sub.nalkynyl(CH.sub.2). 
sub.p--, 4O(CH.sub.2).sub.n--, iNR.sub.8(CH.sub.2).sub. 
n--, or iS(CH.sub.2).sub.n; X and D, independently, can be 
selected from iN(R.sub.8)--, iOi, iSi, --(R.sub.8) 
NiN(R.sub.8)--, iON(R.sub.8)--, or a direct bond; Y and 
Z, independently, can be selected from O or S; E represents 0, 
S, or NR.sub.5, Wherein R.sub.5 represents LR.sub.8 or 
i(C4O) LR.sub.8. R.sub.8, independently for each occur 
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rence, represents H, loWer alkyl, i(CH.sub.2).sub.naryl 
(e. g., substituted or unsubstituted), i(CH.sub.2).sub.nhet 
eroaryl (e.g., substituted or unsubstituted), or tWo R.sub.8 
taken together may form a 4-to 8-membered ring; p repre 
sents, independently for each occurrence, an integer from 0 to 
10, preferably from 0 to 3; n, individually for each occur 
rence, represents an integer from 0 to 10, preferably from 0 to 
5; and q and r represent, independently for each occurrence, 
an integer from 0-2. 
[0119] The nucleic acid is selected from the group consist 
ing of (antisense) oligonucleotides, riboZymes, aptamers, 
and/or small interfering (ribo)nucleic acids. 
[0120] Particularly, the nucleic acid can encode a polypep 
tide and is introduced into the eye by means of a viral vector, 
a non-viral vector and/or naked DNA. 
[0121] The nucleic acid can be an isolated small interfering 
RNA comprising a sense RNA strand and an antisense RNA 
strand, Wherein the sense and antisense RNA strands form an 
RNA duplex, and Wherein the sense RNA strand comprises 
the nucleotide sequence SEQ ID NO:16 and the antisense 
RNA strand comprises the nucleotide sequence SEQ ID 
NO: 15. 
[0122] In addition, the nucleic acid can be an isolated small 
interfering RNA comprising a sense RNA strand and an anti 
sense RNA strand, Wherein the sense and antisense RNA 
strands form an RNA duplex, and Wherein the sense RNA 
strand comprises the nucleotide sequence SEQ ID NO: 17 and 
the antisense RNA strand comprises the nucleotide sequence 
SEQ ID NO: 1 8. 
[0123] The nucleic acid can be also an isolated small inter 
fering RNA comprising a sense RNA strand and an antisense 
RNA strand, Wherein the sense and antisense RNA strands 
form an RNA duplex, and Wherein the sense RNA strand 
comprises the nucleotide sequence SEQ ID NO:19 and the 
antisense RNA strand comprises the nucleotide sequence 
SEQ ID NO:20. 
[0124] Typically, the siRNA of the invention is adminis 
tered to a mammalian subject at a concentration of about 10 to 
200 mg/ml, or about 100 to 1,000 nM. Application can be 
performed either topically to the eye (topical instillation) in a 
volume from about 5 microliters to about 75 microliters, for 
example from about 7 microliters to about 50 microliters (in 
case of a mouse), or in a volume of about 50 microliters to 500 
microliters, for example from about 100 microliters to about 
250 microliters. Alternatively, the siRNA of the invention can 
be administered by intravitreal or subretinal injection in a 
volume of 1 microliter to about 5 microliters (in case of a 
mouse), or in a volume of about 300 microliters to 1,000 
microliters (in case of a human). One of ordinary skill in the 
art Will be able to determine the appropriate volume as a 
function of the subject to be treated and the route of admin 
istration. 
[0125] Substance that interferes With the Hedgehog signal 
ing pathWay can be also a decoy protein Which can be in a 
secreted form of the Hedgehog interacting protein 1 (Hip 1) or 
a homologous protein. 
[0126] The soluble Hip1 protein can be encoded in a trans 
gene cassette of a gene transfer vector With the administration 
of said gene transfer vector to a mammalian subject resulting 
in the expression and secretion of soluble Hip1. Said gene 
transfer vector can be a recombinant adeno-associated viral 
vector. 

[0127] The protein can be a mutant Hedgehog protein, an 
antibody homolog directed against patched and/or smooth 
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ened. Said antibody homolog can be a monoclonal antibody 
5E1 or a monoclonal antibody that binds the same epitope as 
SE1 (SE1, Developmental Studies Hybridoma Bank, Karen 
Jensen, Department of Biolo gical Sciences, The University of 
IoWa, 007 Biology Building East, IoWa City, IoWa 52242, tel: 
(319)335-3826, fax: (319)335-2077, 5 [1.1 available for order 
on Website: WWW.uioWa.edu/-dshbWWW/l*ndex.html, 
e-mail: dshb@uioWa.edu) 
[0128] The above-mentioned compounds can interfere 
With the different Hedgehog signaling, i.e. Sonic (Shh), 
Desert (Dhh) or Indian (Ihh) Hedgehog signaling and can 
interact by means of different mechanisms. Particularly, the 
compounds according to the present invention can interact 
With Hedgehog receptor, patched (Ptc), more particularly 
With the mammalian Hedgehog receptors Ptc1 and/or Ptc2, 
With the Hedgehog co-receptor smoothened (Smo), With the 
serine-threonine kinase fused (Fu) or With the transcription 
factor Gli1, Gli2 and/ or Gli3. 
[0129] Ocular diseases related With the ocular neovascular 
iZation that can be treated according to the present invention 
are represented by, for example, age-related macular degen 
eration, diabetic retinopathy, retinopathy of prematurity 
(ROP), neovascular glaucoma, retinal vein occlusion. 
[0130] The medicament that can be used according to the 
present invention can be suitable for and/or administered by 
local administration, topical administration, systemic admin 
istration, intravitreal injection, subtretinal injection, intravit 
real administration, intracavity injection, intra-ar‘terial 
administration, intravenous administration, intramuscular 
administration, injection into tissue, injection into gaps in 
tissue or inhalation and/or nasal instillation. In addition, the 
compounds that interfere With the hedgehog signaling path 
Way can be associated With agents modulating cAMP level. 
[0131] The practice of the present invention Will employ, 
unless otherWise indicated, conventional methods of virol 
ogy, chemistry, microbiology, molecular biology and recom 
binant DNA techniques Within the skill of the art. Such tech 
niques are explained fully in the literature; see, e.g., 
Sambrook, et al. Molecular Cloning: A Laboratory Manual 
(Current Edition); DNA Cloning: A Practical Approach, vol. 
I & II (D. Glover, ed.); Oligonucleotide Synthesis (N. Gait, 
ed., Current Edition); Nucleic Acid HybridiZation (B. Hames 
& S. Higgins, eds., Current Edition); Transcription and Trans 
lation (B. Hames & S. Higgins, eds., Current Edition); CRC 
Handbook of Parvoviruses, vol. I & II (P. Tijessen, ed.); 
Fundamental Virology, 2nd Edition, vol. I & II (B. N. Fields 
and D. M. Knipe, eds.) 

3.1 DEFINITIONS 

[0132] In describing the present invention, the folloWing 
terms Will be employed, and are intended to be de?ned as 
indicated beloW. 
[0133] For purposes of this invention, the “vascular devel 
opment” comprises at least tWo steps: “vasculogenesis” and 
physiological angiogenesis. The term “vasculogenesis” 
refers to process, Where endothelial cells form a primary 
tubular netWork, Whereas “angiogenesis” refers to a process, 
in Which vessel siZe and structure are modi?ed, and branching 
occurs to insure that all cells are supplied With suf?cient 
nutrients. Thus, “angiogenesis” is de?ned as any alteration of 
an existing vascular bed or the extension of existing vascula 
ture Which bene?ts tissue perfusion. 
[0134] For purposes of this invention, pathological (abnor 
mal) vasculogenesis is referred to as “neovasculariZation”. 
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NeovasculariZationiin a more narrow de?nitioniis a form 

of pathologic, abnormal vasculogenesis in the eye (“ocular 
neovasculariZation”). It leads to visual loss through increased 
vascular permeability leading to retinal oedema, (b) vascular 
fragility resulting in haemorrhage, or ?bro-vascular prolifera 
tion With tractional and rhegmatogenous retinal detachment. 
Choroidal neovasculariZation is used synonymously With 
ocular neovasculariZation. Furthermore, for purposes of this 
invention, angiogenesis can be either physiological or patho 
logical. Furthermore, for purposes of this invention, “angio 
genesis” can be either physiological or pathological. 
[0135] For purposes of this invention, the term “Hedgehog” 
is used to refer generically to any member of the Hedgehog 
family, including sonic, indian, desert and tiggy Winkle. The 
term may be used to indicate a protein or gene. 

[0136] For purposes of this invention, the term “Hedgehog 
transduction pathWay” are all used to refer to the chain of 
events normally mediated by Hedgehog, smoothened, ptc, 
and gli, among others, and resulting in a changes in gene 
expression and other phenotypic changes typical of Hedge 
hog activity. The Hedgehog pathWay can be activated even in 
the absence of a Hedgehog protein by activating a doWn 
stream component. For example, overexpression of smooth 
ened Will activate the pathWay in the absence of Hedgehog. 
gli and ptc gene expression are indicators of an active Hedge 
hog signaling pathWay. 
[0137] For purposes of this invention, the term “Hedgehog 
antagonist” refers to an agent that potentiates or recapitulates 
the bioactivity of patched, such as to repress transcription of 
target genes. In other Words: A hedgehog antagonist is a 
substance that interferes With the Hedgehog signaling path 
Way. The term “Hedgehog antagonist” as used herein refers 
not only to any agent that may act by directly inhibiting the 
normal function of the Hedgehog protein, but also to any 
agent that inhibits the Hedgehog signalling pathWay, and thus 
recapitulates the function of ptc. A Hedgehog antagonist may 
be a small molecule, an antibody (including but not restricted 
to: a diabody, single chain antibody, monoclonal antibody, 
IgG, IgM, IgA, IgD, IgE, or an antibody fragment comprising 
at least one pair of variable regions), an antisense nucleic 
acid, PNA or riboZyme, RNAi construct, aptamer, peptoid, or 
a mutant Hedgehog protein that can disrupt or inhibit Hedge 
hog signaling. An antibody may be directed to a protein 
encoded by any of the genes in the Hedgehog pathWay, 
including sonic, indian or desert Hedgehog, smoothened, ptc 
l, ptc-2, gli-l, gli-2, gli-3, etc. In most cases, the antibody 
Would inhibit the activity of the target protein, but in the case 
of patched, such an antibody Would be an activator of patched. 
An antisense nucleic acid Would likeWise decrease produc 
tion of a protein encoded by any of the genes in the Hedgehog 
pathWay, With the exception of patched or other genes encod 
ing negative regulators of the Hedgehog signaling pathWay. 
[0138] A preferred antagonist has at least the folloWing 
properties: (i) the isolated protein binds the receptor 
patched-l With an af?nity that may be less than, but is pref 
erably at least the same as, the binding of mature Hedgehog 
protein to patched-l; and (ii) the isolated protein blocks alka 
line phosphatase (AP) induction by mature Hedgehog protein 
When tested in an in vitro CH310T 1/2 cell-based AP induction 
assay. Antagonists of the invention may also have the addi 
tional properties of being (iii) unable to induce ptc-l and 
gli-lexpression. Persons having ordinary skill in the art can 
easily test any putative Hedgehog antagonist for these prop 
erties. In particular, the mouse embryonic ?broblast line 

Jul. 30, 2009 

C3HlOT I/ 2 is a mesenchymal stem cell line that is Hedgehog 
responsive. Hedgehog treatment of the cells causes an 
upregulation of gli-l and patched-l (knoWn indicators of 
Hedgehog dependent signaling) and also causes induction of 
alkaline phosphatase activity, an indicator that the cells have 
differentiated doWn the chondrocyte/bone osteoblast lineage. 

[0139] For purposes of this invention, the term “protein” 
means a polypeptide (native (i.e., naturally-occurring) or 
mutant), oligopeptide, peptide, or other amino acid sequence. 
As used herein, “protein” is not limited to native or full-length 
proteins, but is meant to encompass protein fragments having 
a desired activity or other desirable biological characteristics, 
as Well as mutants or derivatives of such proteins or protein 
fragments that retain a desired activity or other biological 
characteristiciincluding peptoids With a nitrogen based 
backbone. Mutant proteins encompass proteins having an 
amino acid sequence that is altered relative to the native 
protein from Which it is derived, Where the alterations can 
include amino acid substitutions (conservative or non-con 
servative), deletions, or additions (e.g., as in a fusion protein). 
“Protein” and “polypeptide” are used interchangeably herein 
Without intending to limit the scope of either term. 

[0140] For purposes of this invention, “amino acid” refers 
to a monomeric unit of a peptide, polypeptide, or protein. 
There are tWenty amino acids found in naturally occurring 
peptides, polypeptides and proteins, all of Which are L-iso 
mers. The term also includes analogs of the amino acids and 
D-isomers of the protein amino acids and their analogs. 

[0141] For purposes of the present invention, “soluble” is 
intended to mean a chimeric and/ or modi?ed receptor protein 
that is not ?xed to the surface of cells via a transmembrane 
domain. As such, soluble forms of the chimeric binding pro 
teins of the present invention, While capable of binding to and 
inactivating its ligand, do not comprise a transmembrane 
domain and thus generally do not become associated With the 
cell membrane of cells in Which the molecule is expressed. A 
soluble form of the receptor exerts an inhibitory effect on the 
biological activity of the ligand protein by binding to its 
ligand, thereby preventing it from binding to its natural recep 
tors present on the surface of target cells. 

[0142] For purposes of this invention, by “DNA” is meant a 
polymeric form of desoxyribonucleotides (adenine, guanine, 
thymine, or cytosine) in double-stranded or single-stranded 
form, either relaxed and supercoiled, either linear circular. 
This term refers only to the primary and secondary structure 
of the molecule, and does not limit it to any particular tertiary 
forms. Thus, this term includes single- and double-stranded 
DNA found, inter alia, in linear DNA molecules (e.g., restric 
tion fragments), viruses, plasmids, and chromosomes. In dis 
cussing the structure of particular DNA molecules, sequences 
may be described herein according to the normal convention 
of giving only the sequence in the 5' to 3' direction along the 
non-transcribed strand of DNA (i.e., the strand having the 
sequence homologous to the mRNA). The term captures mol 
ecules that include the four bases adenine, guanine, thymine, 
or cytosine, as Well as molecules that include base analogues 
Which are knoWn in the art. 

[0143] For purposes of this invention, “polynucleotide” as 
used herein means a polymeric form of nucleotides of any 
length, either ribonucleotides or desoxyribonucleotides. This 
term refers only to the primary structure of the molecule. 
Thus, the term includes double- and single-stranded DNA, as 
Well as, double- and single-stranded RNA. It also includes 
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modi?cations, such as methylation or capping, and unmodi 
?ed forms of the polynucleotide. 
[0144] For the purpose of describing the relative position of 
nucleotide sequences in a particular nucleic acid molecule 
throughout the instant application, such as When a particular 
nucleotide sequence is described as being situated 
“upstream,” “downstream,” “5',” or “3'” relative to another 
sequence, it is to be understood that it is the position of the 
sequences in the non-transcribed strand of a DNA molecule 
that is being referred to as is conventional in the art. 

[0145] For purposes of this invention, a “gene sequence” or 
“coding sequence” or “protein coding sequence” or “open 
reading frame” or a sequence Which “encodes” a particular 
protein, is a nucleic acid composition Which is transcribed 
into RNA (in the case of DNA) and potentially translated (in 
the case of mRNA) into a polypeptide in vitro or in vivo When 
placed under the control of appropriate regulatory sequences. 
The boundaries of the gene are determined by a start codon at 
the 5' (amino) terminus and potentially a translation stop 
codon at the 3' (carboxy) terminus. A gene sequence can 
include, but is not limited to, cDNA from prokaryotic or 
eukaryotic mRNA, genomic DNA sequences from prokary 
otic or eukaryotic DNA, and even synthetic DNA sequences. 
A transcription termination sequence Will usually be located 
3' to the protein coding sequence. 
[0146] For purposes of this invention, by the term “trans 
gene” is meant a nucleic acid composition made out of DNA, 
Which encodes a peptide, oligopeptide or protein. The trans 
gene may be operatively linked to regulatory components in a 
manner Which permits transgene transcription, translation 
and/ or ultimately directs expression of a product encoded by 
the nucleic acid composition in the host cell, e.g., the trans 
gene is placed into operative association With a promoter and 
enhancer elements, as Well as other regulatory sequences, 
such as introns or polyA sequences, useful for its regulation. 
The composite association of the transgene With its regula 
tory sequences is referred to herein as a “minicassette” or 
“minigene”. Minicasssettes or minigenes in their entirety are 
also nucleic acid compositions. The exact nucleic acid com 
position Will depend upon the use to Which the resulting 
nucleic acid transfer vector Will be put and is knoWn to the 
artisan (Sambrook 1989, Lodish et al. 2000). When taken up 
by a target cell, the nucleic acid composition may remain 
present in the cell as a functioning extrachromosomal mol 
ecule, or it may integrate into the cell’s chromosomal DNA, 
depending on the kind of transfer vector used. 

[0147] For purposes of this invention, “heterologous” as it 
relates to nucleic acid compositions denotes sequences that 
are not normally joined together. Thus, a “heterologous” 
region of a nucleic acid composition is a segment of nucleic 
acid Within or attached to another nucleic acid composition 
that is not found in association With the other molecule in 
nature. For example, a heterologous region of a nucleic acid 
composition could include a coding sequence ?anked by 
sequences not found in association With the coding sequence 
in nature. Another example of a heterologous coding 
sequence is a construct Where the coding sequence itself is not 
found in nature (e. g., synthetic sequences having codons dif 
ferent from the native gene). Allelic variation or naturally 
occurring mutational events do not give rise to heterologous 
DNA, as used herein. 

[0148] For purposes of this invention, “homology” or 
“homologous” refers to the percent homology betWeen tWo 
polynucleotide or tWo polypeptide moiety. The correspon 
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dence betWeen the sequence from one moiety to another can 
be determined by techniques knoWn in the art. TWo DNA or 
tWo polypeptide sequences are “substantially homologous” 
to each other When at least about 80%, preferably at least 
about 90%, and most preferably at least about 95% of the 
nucleotides or amino acids match over a de?ned length of the 
molecules, as determined using methods in the art. 
[0149] The techniques for determining amino acid 
sequence homology are Well-knoWn in the art. In general, 
“homology” means the exact amino acid to amino acid com 
parison of tWo or more polypeptides at the appropriate place, 
Where amino acids are identical or possess similar chemical 
and/or physical properties such as charge or hydrophobicity. 
A so-termed “percent homology” then can be determined 
betWeen the compared polypeptide sequences. The programs 
available in the Wisconsin Sequence Analysis Package (avail 
able from Genetics Computer Group, Madison, Wis.), for 
example, the GAP program, are capable of calculating 
homologies betWeen tWo polypeptide sequences. Other pro 
grams for determining homology betWeen polypeptide 
sequences are knoWn in the art. 
[0150] Homology for polynucleotides is determined essen 
tially as folloWs: TWo polynucleotides are considered to be 
“substantially homologous” to each other When at least about 
80%, preferably at least about 90%, and most preferably at 
least about 95% of the nucleotides match over a de?ned 
length of the molecules, When aligned using the default 
parameters of the search algorithm BLAST 2.0. The BLAST 
2.0 program is publicly available. 
[0151] Alternatively, homology for polynucleotides can be 
determined by hybridization experiments. As used herein, a 
nucleic acid sequence or fragment (such as for example, 
primers or probes), is considered to selectively hybridize to a 
sequence 1, thus indicating “substantial homology”, if such a 
sequence is capable of speci?cally hybridizing to the 
sequence 1 or a variant thereof or speci?cally priming a 
polymerase chain reaction: (i) under typical hybridization 
and Wash conditions, such as those described, for example, in 
Maniatis, (Molecular Cloning: A Laboratory Manual, 2nd 
Edition, 1989) Where preferred hybridization conditions are 
those of lesser stringency and more preferred, higher strin 
gency; or (ii) using reduced stringency Wash conditions that 
alloW at most about 25-30% basepair mismatches, for 
example, 2.times.SSC, 0.1% SDS, at room temperature 
tWice, for 30 minutes each; then 2.times.SSC, 0.1% SDS, 37 
C, once for 30 minutes; the 2.times.SSC at room temperature 
tWice, 10 minutes each or (iii) under standard PCR conditions 
or under “touch-doWn” PCR conditions such as described by 

[981) 
[0152] For purposes of this invention, the term “cell” means 
any prokaryotic or eukaryotic cell, either ex vivo, in vitro or in 
vivo, either separate (in suspension) or as part of a higher 
structure such asibut not limited to4organs or tissues. 

[0153] For purposes of this invention, the term “host cell” 
means a cell that can be transduced and/or transfected by an 
appropriate gene transfer vector. The nature of the host cell 
may vary from gene transfer vector to gene transfer vector. 

[0154] For purposes of this invention, by the term “a Thera 
peutic of this invention” is meant a substance that interferes 
With Hedgehog signaling in general, and Shh signaling in 
particular, resulting in prevention, inhibition, and/or rever 
sion of ocular neovascularization. 
[0155] For purposes of this invention, “treatment” refers to 
prophylaxis and/or therapy. 
























































































































