
USE OF DLL4 ANATGONISTS IN ISGHEMIG INJURY

Field of the lnvention

[O0OíI This invention relates generally to methods.for treating vascular and ischemic disorders by

administering compositíons that inhibit Þll4 interaction with Notch receptors, and/or Notch receptor

activation. More specifically, this invention relates to methods of treating eye vascular and/or

ischemic disorders by administering compositions that inhibit Dll4 interaction wlth Notch receptors.

Background

IO0O2I Angiogenesis is a fundarnental process required'for the normal development and growth of
tissues and organs, and invotves formation of new blood vessels from pre-exlsting vessels.

Angiogenesis and blood vessel homeostasis are tightly controlled through a highly regulated system

of angiogenic modulators. Deviation from such a tight control often leads to or is associated with

disease,

[0003I While unregulated "excessive" or aberant ang¡ogenes¡s ¡s characteristic of numerous

disease states, insufficient angiogenesis, loss of blood vessels or functional or structural blood

vesselocclusion can also be a serious medical problem. Promoting angiogenesis and/or preventing

regression of existing btood vessels is desirable in situations where tissue becomes ischemic, for

example in retinal, cerebral, cardiovascular and limb ischemia and in conditions where a vascular

supply must be established, re-established, enhanced or expanded, for example in wound healing

and afrer tissue or organ transplantation, or to stimulate establishment of collateral vessels or

otherurise increase the perfusion of a tissue or organ wìth inadequate circulation.

[00041 The Notch-signaling pathway is a system for cell-to-cell communication used by a w¡de

range of eukaryotes for rnany biological processes, such as differentiation, proliferation, and '

homeostasis (Artavanis-Tsakonas et al. (1999) Scienoe 284:77A-776). Notch signaling has also

been implicated in the controlof vascular development (lso et al. (2003) Arterioscler Thromb Vasc

Biol. 23:543-553).

[00O5I Delta-like 4 (Þ14) or delta-like ligand 4 (Dll4) (hereinafter'Dll4") is a member of the Delta

family of Notch ligands which exhibits highly selective expression by vascular endothelium (Shutter

et al. (2000) Genes Dev. 14:1313-1318). Dl!4 is a ligand for Notch receptors, including Notchl and

Notch 4. The nucleic acid and arnino acid sequences for human and mouse DIl4 are shown in SEQ

lD NO:l-2 and SEQ lD NO:3-4, respectively. Gens.targetèd Dll4 mice have been generated (see,

for example, Duarte et al. (2O04) Genes Dev. 18:2474 - 2478; Krebs et a!. (2004) Genes Dev.

18:2469 - 2473: Gale et al. (2004) Proc Natl Acad Sci USA 101:15949-15954). These studies

showed that Dll4 was highly expressed on developing blood vessels in the mouse embryo. and that
genetic deletion of even a single Dll4 allele resulted in embryonic lethality, associated with marked

USE OF DLL4 ANATGONISTS IN ISCHEMIC INJURY Field of the Invention [0001] This
invention relates generally to methods for treating vascular and ischemic disorders by
administering compositions that inhibit 0114 interaction with Notch receptors, and/or Notch
receptor activation. More specifically, this invention relates to methods of treating eye vascular
and/or ischemic disorders by administering compositions that inhibit DI14 interaction with
Notch receptors. Background [0002] Angiogenesis is a fundamental processrequired-for the
normal development and growth of tissues and organs, and involves formation of new blood
vessels from pre-existing vessels. Angiogenesis and blood vessel homeostasis are tightly
controlled through a highly regulated system of angiogenic modulators. Deviation from such a
tight control often leads to or is associated with disease..  [0003] While unregulated
t'excessive" or aberrant angiogenesis is characteristic of numerous disease states, insufficient
angiogenesis, loss of blood vessels or functional or structural blood vessel occlusion can also
be a serious medical problem. Promoting angiogenesis and/or preventing regression of
existing blood vessels is desirable in situations where tissue becomes ischemic, for example
in retinal, cerebral, cardiovascular and limb ischemia and in conditions where a vascular
supply must be established, re-established, enhanced or expanded, for example in wound
healing and after tissue or organ transplantation, or to stimulate establishment of collateral
vessels or otherwise increase the perfusion of a tissue or organ with inadequate circulation.
[0004] The Notch-signaling pathway is a system for cell-to-cell communication used by a wide
range of eukaryotes for many biological processes, such as differentiation, proliferation, and
homeostasis (Artavanis-Tsakonas et al. (1999) Science 284:770-776). Notch signaling has
also been implicated in the control of vascular development (Ise et al. (2003) Arterioscler
Thromb Vasc Biol. 23:543-553). [0005] Delta-like 4 (DI4) or delta-like ligand 4 (D114)
(hereinafter "0114") is a member of the Delta family of Notch ligands which exhibits highly
selective expression by vascular endothelium (Shutter et al. (2000) Genes Dev.
14:1313-1318). 13114 is a ligand for Notch receptors, including Notch1 and Notch 4. The
nucleic acid and amino acid sequences for human and mouse 0114 are shown in SEQ ID
N0:1-2 and SEQ ID NO:3-4, respectively. Gene-targeted DI14 mice have been generated
(see, for example, Duette et al. (2004) Genes Dev. 18:2474 - 2478; Krebs et al. (2004) Genes
Dev. 18:2469 - 2473: Gale et al. (2004) Proc Nati Aced Sd USA 101:15949-15954). These
studies showed that 0114 was highly expressed on developing blood vessels in the mouse
embryo, and that genetic deletion of even a single 0114 allele resulted in embryonic lethality,
associated with marked  vascular abnormalities. BRIEF SUMMARY OF THE INVENTION
[0006] The present invention relates to methods of treating diseases affecting the
cardiovascular system with agents capable of blocking the interaction of 0114 with its
receptors ("0114 antagonists"). The experimental results provided herein support the use of
DII4 antagonists for treating diseases characterized by pathological neovascularization and
vascular insufficiency, where vascular insufficiency is due to the loss of blood vessels or
functional vascular changes resulting in insufficient tissue perfusion. DI14 antagonists are
particularly useful for treating vascular disorders of the eye, for example, diabetic retinopathy,
retinopathy of prematurity and other ocular diseases characterized by pathological
angiogenesis and/or retinal ischemia, such as retinal vein or artery occlusion. [0007]
Pharmacological inhibition of 0114 Is shown to exert several beneficial effects in a model of
ischemic retinopathy, including attenuation of blood vessel loss when applied at the time of an
injury leading to blood vessel loss, and suppression of the development of pathological
changes in the vasculature while enhancing the regrowth of more normal, functional blood
vessels when applied 



vascular abnormalities.

BRIEF SUMMARY OF THE INVENTION

t0o06l The present invention relates to methods of treating diseases affecting the cardiovascular

system with agents capable of blocking the ¡nteraction of Dll4 with its receptors ("Þll4 antagonists")-

The experimental results provided herein support the use of Dll4 antagonists for treating diseases

characterized by pathologlcal neovascularization and vascular insufficiency, where vascular

insufficiency is due to the loss of blood vessels or functional vascular changes resulting in

insufficlent tissue perfusion. Dll4 antagonists are particularly useful for treating vascular disorders

of the eye. for example, diabetic retinopathy, retinopathy of prematuri$ and other ocular diseases

characterized by pathological angiogenesis and/or retinal ischemia, such as retinalvein or artery

occlusion.

looon pharmacological inhibition of Dll4ls shown to exert several beneficialeffects in a modelof

ischemic retinopathy. including attenuation of blood vessel loss when applied at the time of an injury

leading to blood vessel loss, and suppression of the development of pathological changes in the

vasculature while enhancing the regrowth of more normal, functional blood vessels when applied

following the establishment of ischemià.

tgqgg¡ pharmacological agents which inhibit Dll4 signaling are expected to be similarly beneficial

in treating other forms of ischemic injury, including cerebral ischemia, cardiac ischemia, and

ischemlc conditions affect the limbs and other body organs or tissues. Dll4 inhibitors are also

expected to be ctinically beneficial in other conditions requiring the establishment or re-

estabtishment of a vascular supply or that would othenvise benefit from enhanced tissue perfusion.

Examples of such conditions are arteriovenous malformations, wound healing, organ or tissue

transptantation, and placentalinsufficiency. As shown in the experimental work reported below.

Dll4 inhibition prevents arterial narowing and occlusion, indicating that Dll4 inhibitors would also be

effective in treating systemic or pulmonary hypertension, and related disorders.

tOOOgl Dll4 antagonists are now shown to be effective in promoting productive angiogenesis in

both normaland pathologicalconditions. Specifically, blocking Dll4-Notch signaling is shown to

enhance angiogenic sprouting and vascular endothelial cell proliferation in the developing retinal

vasculature, and to suppress forrnation of pathological, ectopic neovascularization and the

development of arteriovenous shunts in favor of more appropriate vessel formation in the ischemic

retina. Moreover, the application of Dll4 blockers at the time of vessel injury is shown to markedly

reduce the subsequent loss of blood vessets. These findings support the use of a Dll4 antagon¡st ¡n

the treatment of eye diseases characterized by vascular abnormalities, especially when

accompanied by ischemia and loss of normal vessels. Examples of such eye diseases include

ischemic retinopathies, such as age-retated macular degeneration, central retinalvein occlusion or

branch retinal vein occlusion, diabetic retinopathy, and retinopathy of prematurity.

toof Ot ln a first aspect, the invention features a method of treating an eye disorder or disease
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following the establishment of ischemia. [0008] Pharmacological agents which inhibit 0114
signaling are expected to be similarly beneficial in treating other forms of ischemic injury,
including cerebral ischemia, cardiac ischemia, and ischemic conditions affect the limbs and
other body organs or tissues. DIM inhibitors are also expected to be clinically beneficial in
other conditions requiring the establishment or reestablishment of a vascular supply or that
would otherwise benefit from enhanced tissue perfusion. Examples of such conditions are
arteriovenous malformations, wound healing, organ or tissue transplantation, and placental
insufficiency. As shown in the experimental work reported below, 0114 inhibition prevents
arterial narrowing and occlusion, indicating that D114 inhibitors would also be effective in
treating systemic or pulmonary hypertension, and related disorders. [0009] D114 antagonists
are now shown to be effective in promoting productive angiogenesis in both normal and
pathological conditions. Specifically, blocking 0I14-Notch signaling is shown to enhance
angiogenic sprouting and vascular endothelial cell proliferation in the developing retinal
vasculature, and to suppress formation of pathological, ectopic neovascularization and the
development of arteriovenous shunts in favor of more appropriate vessel formation in the
ischemic retina. Moreover, the application of 0II4 blockers at the time of vessel injury is shown
to markedly reduce the subsequent loss of blood vessels These findings support the use of a
0114 antagonist in the treatment of eye diseases characterized by vascular abnormalities,
especially when accompanied by ischemia and loss of normal vessels. Examples of such eye
diseases Include ischemic retinopathles, such as age-related macular degeneration, central
retinal vein occlusion or branch retinal vein occlusion, diabetic retinopathy, and retinopathy of
prematurity. [0010] In a first aspect, the invention features a method of treating an eye
disorder or disease 2  characterized by vascular abnormalities, comprising administering a
0114 antagonist to a subject in need thereof. The method of the invention promotes growth of
functional normal vessels, inhibits the growth of abnormal or disordered vessels and prevents
pathological regression of blood vessels. [0011) In one embodiment, the DII4 antagonist is an
antibody or antibody fragment which specifically binds 0114 and blocks 0II4 binding to a
Notch receptor (for example, Notch1 and Notch 4 receptors). In another embodiment, the
0114 antagonist of the invention is a protein or protein fragment comprising the extracellular
domain of 0114 or a fragment thereof, which in specific embodiments may be fused to a
multimerizing component and which binds Notch receptors without activating them, thereby
blocking the actions of endogenous 0114. [13012] The eye disorder or disease treated by the
method of the invention is a disorder of the ocular vasculature characterized by the presence
of abnormal vessels andtor loss of normal vessels or normal vessel function. In specific
embodiments, the condition or disorder treated includes retinopathy of prematurity, ischemic
retinopathy, retinal vein or artery occlusion, diabetic retinopathy, choroidal neovascularization,
age related macular degeneration, corneal neovascularization, neovascular glaucoma or
corneal transplantation. [0013] The antibody or antibody fragment used in the method of the
invention may be polyclonal or monoclonal, and may be humanized, chimeric, or fully human.
Preferably the antibody is a fully human monoclonal antibody or monoclonal antibody
fragment. The antibody fragment may be a single chain antibody, ScFv, an Fab, or an
F(3131)2. [0014] When the DII4 antagonist is a protein or protein fragment, the fragment is
preferably the extracellular domain of 0II4 or a fragment or modified fragment thereof, and
may be fused to a multimerizing component. The multimerizing component Is preferably an
immunoglobulin domain, such as for example an Fc domain, e.g., a human Fc (SEQ ID
NO:6). The protein may optionally comprise a signal sequence, which may be native to the
cell, recombinant, or synthetic. 



characterized by vascular abnormalities, comprising administering a Dll4 antagonist to a subject in

need thereof. The method of the invention promotes growth of functional norrnal vessels, inhibits

the growth of abnormal or disordered vessets and prevents pathological regression of blood

vessels.

tO01ft ln one embodiment, the Dlt4 antagonist is an antibody or antibody fragment which

specifically binds Dll4 and blocks Dll4 binding to a Notch receptor (for example, Notchl and Notch 4

receptors). ln another embodirnent, the Dll4 antagonist of the invention is a protein or protein

fragment cornprising the extracellutar domain of Dll4 or a fragment thereof, which in specific

embodiments may be fused to a multimerizing component and which binds Notch receptors without

activating them, thereby blocking the actions of endogenous Dll4.

[00f zl The eye disorder or disease treated by the method of the invention is a disorder of the

ocular vasculature characterized by the presence of abnormalvessels and/or loss of normal vessels

or normal vessel function. tn specific embodiments, the condition or disorder treated includes

ret¡nopathy of prematurlty, ischemic retinopathy, retinal vein or artery occlusion, diabetic

retinopathy, choroidal neovascularization, age related macular degeneration, corneal

neoVascUlarizatiOn, neovaSCUlar glauCOma or corneal transplantation.

to0f gl The antibody or antibody fragment used in the method of the invention may be polyclonal

or monoctonat, and may be humanized, chimeric, or fully human. Preferably the antibody is a fully

human monoclonal antibody or monoclonal antibody fragment. The antibody fragment may be a

single chain antibody, ScFv, an Fab, or an F(ab')2.

IOgf 4¡ \Mlen the D¡4 antagon¡st is a protein or protein fragment, the fragment is preferably the

extracellular domain of Dll4 or a fragment or modified fragment thereof, and may be fuåed to a

multimerizing component. The multimerízing component is preferably an immunoglobulin domain,

such as forexample an Fc domain, €.g., €l human Fc (SEQ lD NO:5). The protein may optionally

comprise a slgnal sequence, which may be native to the cell, recombinant, or synthetic.

t00f 5l ln a broader aspect, the method of the invention is usefulto treat any ischemic dlsease or

condition caused by insufficient blood supply due to blood vessel loss and/or poor perfusion, for

exampte, ischemic injury, cerebral ischernia, cardiac ischemia, ischemic conditions affecting the

limbs and other organs or t¡ssues, arteriovênous malformations, wound healing, organ or tissue

transplantation, placentalinsufficiency, arterial narrowing and occlusion, atherosclerosis, and

systemic or pulmonary hypertension.

t00f GI ln a second aspect, the invention provides the use of an agent capable of inhibiting Dll4

activity in the manufacture of a medicament for treating, inhibiting or ameliorating an ischemic or

vascular dlsorder, wherein the Dll4 antagonist is an antibody or antibody fragment capable of

blocking the binding of Dll4 to a Notch receptor, or a Dll4 fragment optionally connected to a

multimärizing component (such as an Fc domain). ln one embodiment, the ischemic or vascular

disorder is an eye disease or condition characterized by the presence of abnormal blood vessels
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[0015] In a broader aspect, the method of the invention is useful to treat any ischemic disease
or condition caused by insufficient blood supply due to blood vessel loss and/or poor
perfusion, for example, ischemic injury, cerebral ischemia, cardiac ischemia, ischemic
conditions affecting the limbs and other organs or tissues, arteriovenous malformations,
wound healing, organ or tissue transplantation, placental insufficiency, arterial narrowing and
occlusion, atherosclerosis, and systemic or pulmonary hypertension.  [0016] In a second
aspect, the invention provides the use of an agent capable of inhibiting 0114 activity in the
manufacture of a medicament for treating, inhibiting or ameliorating an ischemic or vascular
disorder, wherein the 0114 antagonist is an antibody or antibody fragment capable of blocking
the binding of 0114 to a Notch receptor, or a 0114 fragment optionally connected to a
multimerizing component (such as an Fc domain). In one embodiment, the ischemic or
vascular disorder is an eye disease or condition characterized by the presence of abnormal
blood vessels 3  and/or loss of normal blood vessels or vessel function. The eye disease is
retinopathy of prematurity, ischemic retinopathy, retinal vein or artery occlusion, diabetic
retinopathy, choroidal neovascularization, age related macular degeneration, corneal
neovascularization, neovascular glaucoma or corneal transplantation. [0017]In another
embodiment, the ischemic or vascular disorder is ischemic injury, cerebral ischemia, cardiac
ischemia, ischemic conditions affecting the limbs and other organs or tissues, arteriovenous
malformations, wound healing, organ or tissue transplantation. placental insufficiency, arterial
narrowing and occlusion, atherosclerosis, or systemic or pulmonary hypertension. (0018]
Other objects and advantages will become apparent from a review of the ensuing detailed
description. BRIEF SUMMARY OF THE FIGURES [0019] Fig. 1. Genetic deletion of a single
DI14 allele increased numbers of angiogenic sprouts in the developing retinal vasculature.
Numbers of sprouts were quantified in 100X microscopy fields. Results were significantly
different at the p<0.00001 level. 



and/orlossofnormalbloodvesselsorvesselfunction.
prematurlty, ischernic reti nopathy, retinal vein or artery

neovascularization, age related macular degeneration'

The eye disease is retinoPathY of

occlusion, diabetic retinopathy, choroidal

corneal neovascularization, neovascular

glaucoma or corneal transplantation'

tool7l ln another embodiment, the ¡schemic or vascular disorder ls lschemic injury' cerebral

ischemia, cardiac ischemia,'ischemic conditions affecting the limbs and other organs or tissues'

arteriovenous marformat¡ons, wound hearing, organ or tissue transprantation. placental insufficiency,

arterialnarrowing and oçclusion, atherosclerosis, or systemic or pulmonary hypertension'

toorsl other objects and advantages will beoome apparent from a review of the ensuing deta¡led

description.
BRIEF SUMMARY OF THE FIGURES

[0orgl Fig. 1. Genetic deletion of a single Dll4 allele increased numbers of angiogenic sprouts in

the devetoping retinal vasculature. Numbers of sprouts were quantified in 100X mlcroscopy fields'

Results were significantly different at the p<0'00001 level'

100201 Fig. 2. tntraocular delivery of Dtl4-Fc increased numbers of proliferating BrdU-positive cells

in the developing retinal vasculature. 4.15 rncg of mÞll4-hFc or 5 mcg of human hFc controlprotein

was injected intravitreally in 7 days old mouse PuPs. Retinal vasculature was analyzed 24 hours

later. Numbers of BrdU positive oells were quantified in 2OOX microscopy fields. Results were

significantly different at the p<0.05level'

IO02íI Fig. 3A-8. lntraocular delivery of Dll4-Fc or anti-Dll4 antibody promotes the regrowth of

retinal vessels in mice with oxygen-induced ischemic retinopathy (O¡R)' (A) O'48 mcg of mDll4'hFc

or 0.5 mcg of human hFc controlprotein was injected intravitreally in 13 days old (postnatalday 13'

or P13) OIR pups. Retlnalvasculature was analyzed at P17' (B) 2'55 mcg of rabbit polyclonal anti-

mDlt4 antibody or 5 mcg of human hFc controt protein was injected intravitreally at P13' Retinal

vascutature was analyzed at P17. Avascular areas were measured ln retlnalflat-mounts' Results

were significantly different at the pco-O001 (A) and p<0'O5 (B) levels'

Íoo22l Fig. 4A-8. lntraocular delivery of Dll4-Fc or anti-Dll4 antibody ameliorates formatlon of

pathological neovascularization in OlR. (A) 0.48 mcg of mþll4-hFc or O'5 mcg of human hFc control

protein was inJected intravitreally at P13. Retinal vasculature was analyzed at P17' (B) 2'55 mcg of

rabbit polyclonal anti-mþll4 antiþody or 5 mcg of human hFc controlprotein was injected

intravitrealty at P13. Retinatvascutature was anatyzed at Pl7. Abnormalvascular areas (areas

containing ectopic vascular "tufts") were measured in retinal flat-mounts. Results were significantly

different at the pco.0001 (A) and pco.05 (B) levels'

[OOZgl Fig. S. lntraocular dellvery of Dll4-Fc improves retinal perfusion. O.48 mcg of mDll4-hFc or

O.S mcg of human hFc controt protein was injected intravitreally at Pl3. At Pf 7 animals were

perftrsed with tomato lectin labeled with Texas Red and retinalvasculature was analyzed at P17.

Non-perfused vascular areas were rneasured in retinalflat-mounts. Results were significant at the

4

[0020] Fig. 2. Intraocular delivery of D114-Fc increased numbers of proliferating BrdU-positive
cells in the developing retinal vasculatUre. 4.15 mcg of m0114-hFc or 5 mcg of human hFc
control protein was injected intravitreally in 7 days old mouse pups. Retinal vasculature was
analyzed 24 hours later. Numbers of BrdU positive cells were quantified in 200X microscopy
fields. Results were significantly different at the p<0.05 level. [0021] Fig. 3A-B. Intraocular
delivery of 0I14-Fc or anti-0114 antibody promotes the regrowth of retinal vessels in mice with
oxygen-induced ischemic retinopathY (01R). (A) 0.48 mcg of mDI14-hFc or 0.5 mcg of human
hFc contricil protein was injected intravitreally in 13 days old (postnatal day 13, or P13) OIR
pups. Retinal vasoulature was analyzed at P17. (B) 2.65 meg of rabbit polyclonal anti-m0114
antibody or 5 mcg of human hFc control protein was injected intravitreally at P13. Retinal
vasculature was analyzed at P17. Avascular areas were measured in retinal flat-mounts.
Results were significantly different at the p<0.0001 (A) and p<0.05 (B) levels. [0022] Fig.
4A-B. Intraocular delivery of DI14-Fc or anti-0114 antibody ameliorates formation of
pathological neovascularization in OIR. (A) 0.48 mcg of mD114-hFc or 0.5 mcg of human hFc
control protein was injected intravitreally at P13. Retinal vasculature was analyzed at P17. (B)
2.55 mcg of rabbit polyclonal anti-mDII4 antibody or 5 mcg of human hFc control protein was
injected intravitreally at P13. Retinal vasculature was analyzed at P17. Abnormal vascular
areas (areas containing ectopic vascular tufts") were measured in retinal flat-mounts. Results
were significantly different at the p<0.0001 (A) and p<0.05 (B) levels. [0023] Fig. 5. Intraocular
delivery of 0I14-Fc improves retinal perfusion. 0.48 mcg of mDI14-hFc or 0.5 mcg of human
hFc control protein was injected intravitreally at P13. At P17 animals were perfused with
tomato lectin labeled with Texas Red and retinal vasculature was analyzed at P17.
Non-perfused vascular areas were measured in retinal flat-mounts. Results were significant at
the 4  p<0.0005 level. [0024] Fig. 6A-B. lntraocular delivery of 0114-Fe or anti-0114 antibody
reduces retinal hypoxiafischemia. (A) 4.1 mcg of h0114-hFc or 5 meg of human hFc control
protein was injected intravitreally at P12. Hypoxyprobelm-1 was injected intraperitoneally one
hour before sacrificing the animals. Retinal vasculature was analyzed at P17.
Hypoxyprobe-labeled areas were measured in retinal flat-mounts. (B) 2.55 mcg of rabbit
polyclonal anti-m0114 antibody or 5 mcg of human hFc control protein was injected
intravitreally at P13. Hypoxyproberm-1 was injected intraperitoneally one hour before
sacrificing the animals. Retinal vasculature was analyzed at P17. Hypoxyprobelabeled areas
were measured in retinal flat-mounts. Results were significantly different at the 



p<0.00051evel.

t0O24I Fig. 6A-8. tntraocular delivery of Dll4-Fc or anti-Dll4 antibody reduces retinal

hypoxia/ischemia. (A) 4.1 mcg of hDll4-hFc or 5 mcg of human hFc control protein was injected

intravitreally at p12. Hyporyproben-1 was injected intraperitorieally one hour before sacrificing the

animals. Retinal vasculature was analyzed at P17. Hypoxyprobe-labeled areas were measured in

retinalflat-mounts. (B) 2.55 mcg of rabbit polyclonal anti-mDll4 antibody or 5 mcg of human hFc

control protein was injected intravitreally at P13. Hypoxyproberu-l was iniected intraperitoneally

one hour before sacrificing the animals. Retinal vasculature was analyzed at P17- Hyporyprobe-

labeled areas were measured ín retinalflat-mounts. Results were significantly different at the

p<0.001 (A) and p<0.o5 (B) levels.

[002SI Fig. 7. Genetic deletion of a single Dll4 allele reduces blood vessel loss induced by

exposure to hyperoxia. Dll4"r"¿ and littermate WT control mice were placed into the 75% oxygen

chamber at p7. Retinalvasculature was analyzed in flaþmounts at P12. Results were significantly

d¡fferent at the p<0.O5 levels.

tOOzCl Fig. 8A-8. lntraocular delivery of Dll4-Fc or anti-Dll4 antibody reduces or prevents blood

vessel loss induced by exposure to hyperoxia. (A) 4.1 mcg of hDll+hFc or 5 mcg of human hFc

control protein was injected intravitreally at P8. Pups were ptaced into a 75o/o oKl$en environment

at pg. Retinas vasculature was analyzed at P10. (B) 2.55 mcg of rabbit polyclonal anti-mD¡|4

antibody or 5 mcg of human hFc control protein was injected lntravitreally at PB. Pups were placed

into a 75o/o oxlgen environment at P9. Retinal vasculature was analyzed at P10. Results were

significantly different at the p<0.O0001 (A) and p<0.0001 (B) levels.

tOO2:4 Fig. gA-8. lniraocular delivery of Dll4-Fc or anti-Dll4 antibody reduces retinal vessel

occlusion. (A) 4.f mcg of hDll4-hFc or 5 mcg of hurnan hFc control protein was injected

intravitreatty at pB. pups were ptaced into a 75o/o oxlgen environment at P9. Pups were perfused

with fluorescent lectin and retinal vasculature was analyzed at P10. (B) 2.55 mcg of rabbit

polyclonal anti-mDll4 antibody or 5 mcg of human hFc control protein was lnJected intravitreally at

P8. Pups were placed lnto a75o/o oxygen environment at P9. Pups were perfused with fluorescent

lectin and retinal vascutature was analyzed at P1o. Results were significantly different at the

p<0.00001 (A) and p<0.0001 (B) levels.

[OO28I Fig. 10. Systemic delivery of Dll4-Fc reduces or prevents retinal blood vessel loss-

4.1 mcg of hDll4-hFc or 5 mcg of human hFc control protein was injected intravitreally (lTV) or

hptl4-hFc was injected intraperitoneally at a dose of 25 mg per kg of the body weight at P7. Pups

were placed into a75o/o oxygen environment at P8. Retinal vasculature was analyzed at P9'

Results were significantly different at the p<0.0001 level.

DETAILED DESCRIPTION

too2gl Before the present methods are described, it is to be understood that this invention is not
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p<0.001 (A) and p<0.05 (B) levels. [0025] Fig. 7. Genetic deletion of a single 0114 allele
reduces blood vessel loss induced by exposure to hyperoxia. DIleacz and littermate WT
control mice were placed into the 75% oxygen chamber at P7. Retinal vasculature was
analyzed in flat-mounts at P12. Results were significantly different at the p<0.05 levels. [0026]
Fig. BA-B. Intraocular delivery of D114-Fe or anti-0114 antibody reduces or prevents blood
vessel loss induced by exposure to hyperoxia. (A) 4.1 mcg of h1:1114-hFc or 5 mcg of human
hFc control protein was injected intravitreally at P8. Pups were placed Into a 75% oxygen
environment at P9. Retinas vasoulature was analyzed at P10. (B) 2.55 mcg of rabbit
polyclonal anti-int-3114 antibody or 5 mcg of human hFc control protein was injected
intravitreally at P8. Pups were placed into a 75% oxygen environment at P9. Retinal
vasculature was analyzed at P10. Results were significantly different at the p<0.00001 (A) and
p<0.0001 (B) levels. [0027] Fig. 9A-B. Intraocular delivery of D114-Fc or anti-0114 antibody
reduces retinal vessel occlusion. (A) 4.1 mcg of h0114-hFc or 5 rncg of human hFc control
protein was injected intravitreaily at P8. Pups were placed into a 75% oxygen environment at
P9. Pups were perfused with fluorescent lectin and retinal vasculature was analyzed at P10.
(B) 2.55 mcg of rabbit polyclonal anti-m0114 antibody or 5 mcg of human hFc control protein
was Injected intravitreally at P8. Pups were placed into a 75% oxygen environment at P9.
Pups were perfused with fluorescent lectin and retinal vasculature was analyzed at P10.
Results were significantly different at the p<0.00001 (A) and p<0.0001 (B) levels. [0028] Fig.
10. Systemic delivery of 13114-Fc reduces or prevents retinal blood vessel loss. 4.1 mcg of
h0114-hFc or 5 mcg of human hFc control protein was injected intravitreally (ITV) or
hDI14-hFc was injected intraperitoneally at a dose of 25 mg per kg of the body weight at P7.
Pups were placed into a 75% oxygen environment at P8. Retinal vasculature was analyzed at
P9. Results were significantly different at the p<0.0001 level. DETAILED DESCRIPTION
[0029] Before the present methods are described, it is to be understood that this invention is
not 5  limited to particular methods, and experimental conditions described, as such methods
and conditions may vary. It Is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting, since
the scope of the present invention will be limited only by the appended claims. [00301 Unless
defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, the preferred methods and materials
are now 



limited to particular methods, and experimentalconditions described' as such methods and

conditions may vary. lt is also to be understood that the terminology used herein is for the pufpose

of describing particular embodiments only, and is not intended to be limiting' since the scope of the

present invention will be limited only by the appended clairns'

IOO3OI unless defined Otherwise, alltechnical and scientific terms used herein have the sarne

meaning as cornmonly understood by one of ordinary skill in the art to which this invention belongs'

Although any rnethods and materials similar or equivalent to those described herein can be used in

the practice or testing of the present invention, the preferred methods and materials are now

described.

Definitions
po3rl By the phrase "Dll4 antagon¡st" is meant an agent capable of inhibiting Dll4 biological

activity by blocking the interaction of Dll4 with its receptors. lnhibition of Dll4 activity may be through

inhibition of receptor activatron either with an antibody to Dil4 or with a Þ[4 analog or fragment

which binds but does not activate the receptor (nonproductive binding). Common inhibitors include

but are not limited to antibodies, soluble receptors, otigonucelotide aptamers, peptides or other

small molecule antagonists and their derivatives, and modified Dll4 ligands which bind their Notch

receptor but are unabte to activate signaling through such binding. other approaches include

interfering with the expression of the gene encoding D[4 or brocking Notch receptor activation' for

examplewithsiRNAsorgammasecretaseinhibitors,respectively.

too32l A "neutralizing" or "blocking" antibody, is intended to refer to an antibody whose binding to

Dll4 results in inhibition of the biological activity of Dll4. This inhibition of the biological activity of

Dr4 can be assessed by measuring one or more indicators of D[4 biorogical activity. These

indieators of Dtl4 biological activity can be assessed by one or more of severalstandard in vitrc or in

vivo assays known in the art (see examptes betow)' Preferably' the ability of an antibody to

neutralize Dll4 activity is assessed by inhibition of Dll4 blnding to a Notch receptor' such as Notchl

and Notch4-

General DescriPtion

t0O33I Notch slgnaling pathways are evolutionarily conserved, and play key roles in cell-fate

determination and differentiation in many tissues during embryonic and postnataldeveloprnent'

Major components of the Notch pathway are expressed in the vasculature and genetic deletion of

certain Notch pathway cornponents, including Notchl, Notchl/Notch4' Jaggedl' Dlll' Dll4'

Heyl/Heyz or presenitins, results in embryonic lethality associated with vascular remodeling

defects, Although most of these genes are expressed in rnuttiple tissue and cell types, Dll4 is largely

restricted to the vascurar endotherium, suggesting that Dil4 is a key rigand for Notch receptors in the

vasculature 
6

described. Definitions [0031] By the phrase "0114 antagonist" is meant an agent capable of
inhibiting 0114 biological activity by blocking the interaction of 0114 with its receptors.
Inhibition of 0I14 activity may be through inhibition of receptor activation either with an
antibody to 0114 or with a 0114 analog or fragment which binds but does not activate the
receptor (nonproductive binding). Common inhibitors include but are not limited to antibodies,
soluble receptors, oligonucelotide aptamers, peptides or other small molecule antagonists and
their derivatives, and modified D114 ligands which bind their Notch receptor but are unable to
activate signaling through such binding. Other approaches include interfering with the
expression of the gene encoding 0114 or blocking Notch receptor activation, for example with
siRNAs or gamma secretase inhibitors, respectively. [0032] A lineutralizing" or "blocking"
antibody, is intended to refer to an antibody whose binding to 0II4 results in inhibition of the
biological activity of 0114. This inhibition of the biological activity of 0114 can be assessed by
Measuring one or more indicators of D114 biological activity. These Indicators of D114
biological activity can be assessed by one or more of several standard in vitro or in vivo
assays known in the art (see examples below). Preferably, the ability of an antibody to
neutralize DI14 activity is assessed by inhibition of D114 binding to a Notch receptor, such as
Notchl and Notch4. General Description [0033] Notch signaling pathways are evolutionarily
conserved, and play key roles in cell-fate determination and differentiation in many, tissues
during embryonic and postnatal development. Major components of the Notch pathway are
expressed in the vasculature and genetic deletion of certain Notch pathway components,
including Notch1, Notch1/Notch4, Jagged1, DI11, 0114, Hey1/Hey2 or presenilins, results in
embryonic lethality associated with vascular remodeling defects. Although most of these
genes are expressed in multiple tissue and cell types, 0114 is largely restricted to the vascular
endothelium, suggesting that 0114 is a key ligand for Notch receptors in the vasculature.
[0034] During early embryonic development, genetic deletion of even a single 0II4 allele
produces severe vascular abnormalities that result in embryonic lethality in most mouse
strains. Indeed, among the many genes involved in vasculogenesis and angiogenesis, haploid
insufficiency has been reported to result in major vascular defects and embryonic lethality only
for 0II4 and VEGF-A. Early embryonic lethality precludes most experimental manipulations,
making it difficult to precisely understand the role of 0114 during vascular development and in
pathological settings. [0035] To overcome this limitation, the effects of 0114 gene deletion
were studied in mice of the 1CR strain, in which haplo-insufficiency produces only limited
embryonic lethality. The vascular phenotype observed in these mutant mice was compared to
that obtained In wild-type mice in which 0I14/Notch signaling was selectively inhibited by
intravitreal injection of a soluble inhibitor of 0114, 



IO034l During early embryonic development, genetic deletion of even a single Dll4 allele

produces severe vascutar abnormalities that result ln embryonic lethality in most mouse strains.

lndeed, among the many genes involved in vasculogenesis and angiogenesis, haploid insufficiency

has been reported to result in major vascular defects and embryonic lethality only for Dll4 and

VEGF-4. Early embryonlc lethality precludes most experimental manipulations, making it diflicult to

precisely understand the role of Dll4 during vascular development and in pathological settings.

IOO35I To overcome this limitatlon. the effects of Dll4 gene deletion were studied in mice of the

ICR strain, in which haplo-insufficiency produces only timited embryonic lethali$. The vascular

phenotype observed in these mutant mice was compared to that obtalned in wildtype mice in which

Dll4/Notch signaling was setectively inhibited by intravitreal injection of a soluble inhibitor of Dll4,

Dll4-Fc, or a neutralizing polyclonal antibody against the extracellular domain of Dll4. For these

experirnents, the ret¡na was selected as a rnodel system in which to study Dll4 biology, because the

retinal vasculature develops postnatally in a stereotypic manner that is highly organized, temporally

and spatially.

t0036¡ The murine modelof oxygen-induced ischemic retinopathy (OlR) is a well characterized

model of pathologicat neovascularization associated with elevated expression of the essential pro-

angiogenic factor, VEGF (Smith et al. 1994 lnvest Ophthalmol Vis Sci 35:101-111; Neely et al. 1998

Am J. Pathol 153:665-670; Saint-Geniez et al.Z}O4lnt J Dev Biol 48:l 045-1058) and thus relevant

to pathologicalangiogenesls associated with diverse disease cond¡t¡ons (Fenana et al. 2005 Nature

438:967€74). Flnally, the retinal vasculature is readily accessible to experimental manipulations,

including intravitreal microinjections of experimental agents.

10037l The experiments described below show that that during normal retinal vascular

development, and in the OIR model, pharmacological suppression of Dll4/Notch signaling markedly

enhances angiogenic sprouting and promotes the formation of a denser primary capillary network,

Consistent with this, it was found that endogenous Dll4 expression is particularly prorninent in the

most actlve reg¡ons of vascular growth during both normal development and in the OIR model.

Moreover Dll4 inhibition markedly suppressed formation of the abnormalvasculature and prevented

blood vessel occlusion and regression.

Þll4 Antagonlsts

IO038l Dll4 antagonists include antibodies to Dll4 and fragrnents thereof capable of blocking the

binding of Dll4 to a Notch receptor, for example Notchl; and proteins or protein fragments

comprising the extracellular domain of Dll4 whlch may be fused to a muftimerizing component;

peptides and peptlbodles (see for example, US patent publication 2OOglO22g023 Oliner et al.).

t0039I Dlll antibodies. The phrase "immunoglobulin or antibody" as used herein refers to a

mammatian, including human, polypeptlde or protein comprising a framework region from an

irnmunoglobúlln gene or fragments thereof that specifically binds and recognizes an antigen, which,
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DI14-Fc, or a neutralizing polyclonal antibody against the extracellular domain of 0114. For
these experiments, the retina was selected as a model system in which to study 0114 biology,
because the retinal vasculature develops postnatally in a stereotypic manner that is highly
organized, temporally and spatially. [0036] The murine model of oxygen-induced ischemic
retinopathy (01R) is a well characterized model of pathological neovascularization associated
with elevated expression of the essential proangiogenic factor, VEGF (Smith at al. 1994 Invest
Ophthalmol '(is Sci 35:101-111; Neely et al. 1998 Am J. Pathol 153:665-670; Saint-Geniez at
al. 2004 Int J Dev Rio! 48:1045-1058) and thus relevant to pathological angiogenesis
associated with diverse disease conditions (Ferrarra et al. 2005 Nature 438:967-974). Finally,
the retinal vasculature is readily accessible to experimental manipulations, including
intravitreal microinjections of experimental agents.  [0037] The experiments described below
show that that during normal retinal vascular development, and in the OIR model,
pharmacological suppression of 0114/Notch signaling markedly enhances angiogenic
sprouting and promotes the formation of a denser primary capillary network. Consistent with
this, it was found that endogenous 0114 expression is particularly prominent in the most
active regions of vascular growth during both normal development and in the OIR model.
Moreover 0114 inhibition markedly suppressed formation of the abnormal vasculature and
prevented blood vessel occlusion and regression.  0114 Antagonists [0038] DI14 antagonists
include antibodies to 0114 and fragments thereof capable of blocking the binding of D114 to a
Notch receptor, for example Notch1; and proteins or protein fragments  comprising the
extracellular domain of DII4 which may be fused to a multimerizing component; peptides and
peptlbodies (see for example, US patent publication 2003/0229023 liner et al.). [0039] pl14
antibodies. The phrase "immunoglobulin or antibody" as used herein refers to a mammalian,
including human, polypeptide or protein comprising a framework region from an
immunoglobulin gone or fragments thereof that specifically binds and recognizes an antigen,
which, 7  in the case of the present invention, is a 0II4 protein or portion thereof. If the
intended antibody or antibody-like protein will be used as a mammalian therapeutic,
immunoglobulin binding regions should be derived from the corresponding mammalian
immunoglobulins. If the molecule is intended for non-therapeutic use, such as for diagnostics
and ELISAs, the immunoglobulin binding regions may be derived from either human or
non-human mammals, such as mice. The human immunoglobulin genes or gene fragments
include the kappa, lambda, alpha, gamma, delta, epsilon, and mu constant regions, as well as
the myriad immunoglobulin variable region genes. Light chains are classified as either kappa
or lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn
define the immunoglobulin classes, 190, IgM, IgA, IgD, and IgE, respectively. Within each IgG
class, there are different isotypes (eg. Ig01, IgG2, etc.) as well as allotypes thereof. [0040] An
exemplary immunoglobulin (antibody) structural unit of human IgG, comprises a tetramer.
Each tetramer is composed of two identical pairs of polypeptide chains, each pair having one
light chain (about 25 kD) and one heavy chain (about 50-70 kD). The N-terminus of each
chain defines a variable region of about 100-110 or more amino acids primarily responsible for
antigen recognition. The terms "variable light chain" NO and variable heavy chain NH) refer to
these light and heavy chains respectively. 



in the case of the present invention, is a Dll4 protein or portion thereof' lf the intended antibody or

antibodyJike protein will be used as a mammalian therapeutic, immunoglobulin binding regions

should be derived from the corresponding mammalian immunoglobul¡ns' lf the molecule is intended

for non-therapeutic use, such as for diagnostics and ELlSAs, the immunoglobulin binding regions

may be derived from either human or non-human mammals, such as mice' The human

immunoglobulin genes or gene fragments include the kappa; lambda, alpha, gamma, delta, epsilon,

and mu constant regions, as well as the myriad immunoglobulin variable region genes. Light chains

are classified as either kappa or lambda, Heavy ohains are classified as gamma' mu' alpha' delta'

or epsilon, which in turn define the immunogtobulin ctasses. lgG, lgM, lgA, lgD, and lgE,

respectively. \Mthin each lgG class, there are different isotypes (eg. lgGr, lgGz, etc.) as well as

allotypes thereof.

t0040I An exemplary irnmunoglobulin (antibody) structural unit of human lgG' comprises a

tetramer. Each tetramer is composed of two identical pairs of polypeptide chalns, each pair having

one l¡ght chain (about 25 kD) and one heavy chain (about 5o-7O kD)- The N-terminus of each chain

defines a variable region of about 100-1lo or more amino acids primarily responsible for antigen

recognltion. The terms .variable light chain' (Vd and varlable heavy chain (Vn) refer to these light

and heavy cha¡ns resPectlvelY.

[0041] Antibodies exist as intact immunoglobulins, or as a number of welþcharacterized

fragments produced by digestion w¡th various peptidases. For example, pepsin digests an antibody

below the dlsulfide linkages in the hinge region to produce F(ab)'2, a dimer of Fab which itsetf is a

light chain joined to V¡¡-c¡ by a disulfide bond. The F(ab)'z may be reduced under mild conditions to

break the disutfide linkage in the hinge region, thereby converting the F(ab)'z dimer into an Fab'

monorner. The Fab' monomer is essentially Fab with part of the hinge region. While various

antibody fragments are described in terms of the digestion of an intact antlbody, one of skill witl

appreciate that such fragments may be synthesized de novo either chernically or by using

recombinant DNA methodology. Thus, the terms antlbody, as used herein, also includes antibody

fragments either produced by the modification of whole antibodles, or those synthes¡zed de novo

using recombinant DNA methodotogies, or generated via display libraries such as phage, E' colÍ or

yeast display libraries (see, for exampte, McQafferty et al' (1990) Nature 348:552-554)'

l0o42l Dlll analoqs or pro-lgln fraoments.. The Dll4 antagonist may be a Dtl4 fragment optionally

connected to a multimerizing component. ln specific embodiments, a Dll4 fragment may be fused to

a multimerizing component such as an immunoglobulin domain, a truncated immunoglobulin

domain, or an amino acid sequence between 1 to about 500 amino acids in length, optionally

comprislng at least one cysteine residue. tn a preferred embodiment, the multimerizing component

is an immunogtobulin domain, preferably an Fc domain, ê.9., ã human Fc (SEa lD NO:5)' The

protein or protein fragment may optionally comprise a signalsequence' which may comprise any

sequence known to a skilled artisan for directing secretion of a polypeptide or protein from a cell'

I

[0041] Antibodies exist as intact immunoglobulins, or as a number of well-characterized
fragments produced by digestion with various peptidases. For example, pepsin digests an
antibody below the disulfide linkages in the hinge region to produce F(ab)'2, a dimer of Fab
which itself is a light chain joined to VH-CH by a disulfide bond. The F(ab)12 may be reduced
under mild conditions to break the disulfide linkage in the hinge region, thereby converting the
F(ab)'2 dimer into an Fab' monomer. The Fab' monomer is essentially Fab with part of the
hinge region. While various antibody fragments are described in terms of the digestion of an
intact antibody, one of skill will appreciate that such fragments may be synthesized de nova
either chemically or by using recombinant DNA methodology. Thus, the terms antibody, as
used herein, also includes antibody fragments either produced by the modification of whole
antibodies, or those synthesized de nova using recombinant DNA methodologies, or
generated via display libraries such as phage, E. tailor yeast display libraries (see, for
example, McCafferty et al. (1990) Nature 348:552-554). [0042] D114 analogs or protein
fragments. The DI14 antagonist may be a DII4 fragment optionally connected to a
muftimerizing component. In specific embodiments, a 0114 fragment may be fused to a
multimerizing component such as an immunoglobulin domain, a truncated immunoglobulin
domain, or an amino acid sequence between 1 to about 500 amino acids in length, optionally
comprising at least one cysteine residue. In a preferred embodiment, the multimerizing
component is an immunoglobulin domain, preferably an Fe domain, e.g., a human Fc (SEQ ID
NO:5). The protein or protein fragment may optionally comprise a signal sequence, which may
comprise any sequence known to a skilled artisan for directing secretion of a polypeptide or
protein from a cell, 8  including natural or synthetic sequences. Generally, a signal sequence
is placed at the beginning or amino-terminus of the fusion protein of the invention. Such a
signal sequence may be native to the cell, recombinant or synthetic. [0043] The extracellular
domain of D114 is composed of a Delta/Serrate/Lag-2 (DSL) domain and eight epidermal
growth factor (EGF)-like tandem repeats. Generally, the EGF domains are recognized as
occurring at about position 218-251 (domain 1), 252-282 (domain 2), 284-322 (domain 3),
324-360 (domain 4), and 362-400 (domain 5), with the DSL domain at about position 173-217
and the N-terminal domain at about position 27-172 of hDII4 (SEQ ID NO:2). In specific
embodiments, the D114 antagonist comprises about amino acid 27-172, 27-217, 218-400,
218-360, 218-322, or 218-282 of SEQ ID NO:2, optionally fused to hFc (SEQ ID NO:5).
Methods of Administration [0044] The invention provides methods of treatment comprising
administering to a subject an effective amount of an agent of the invention. In a preferred
aspect, the agent is substantially purified (e.g., substantially free from substances that limit its
effect or produce undesired side-effects). The subject is preferably an animal, e.g., such as a
cow, pig, horse, chicken, cat, dog, etc., and is preferably a mammal, and most preferably
human. In a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment; this may be achieved,
for example, and not by way of limitation, by local infusion during surgery, topical application,
e.g., by injection, by means of a catheter, or by means of an implant. [0045] The methods of
the invention may be advantageously performed by administration to the area in need of
treatment by local administration, including intravitreal, intraocular, perlocular, subconjunctival,
juxtascleral, subtenon, or topical administration. Combination Therapies [0046] In various
embodiments, the method of the invention is accomplished with a DI14 antagonist, such as a
DI14 antibody, in combination with one or more additional compounds or therapies or medical
procedures. For example, suitable therapeutic agents for use in combination, either
alternating or simultaneously, include fusion proteins capable of binding and inhibiting the
activity of vascular endothelial growth factor (VEGF) (see U.S. 7, 070,959 and 7,087,411),
immunosuppressive agents such as corticosteroids, dexamethasone, cyclosporin A. FK506,
or anti-metabolic agents, (see Barker, NH, et a/., (2000) din Exp Opthal 28:357-360). Other



including naturator synthetic sequences. Generally, a signal sequence is placed at the beginning or

amino-terminus of the fusion protein of the invention. Such a signal sequence may be native to the

cell. recombinant, or sYnthetic

tgg4gl The extracellular domain of Dll4 is composed of a Delta/SerratelLag'Z (DSL) domain and

eight epidermal growth factor (EGF)-like tandem repeats. Generally, the EGF domains are

recognízed as occurring at about position 218-251(domain 1r,252'282 (domain 2\,284.-322

(domain 3), 324-360 (domaln 4), and 362*400 (domain 5). with the DSL domain at about position

1T¡-ZIT and the N-terminat domain at about position 27-172 of hDll4 (SEO lD NO:2). ln specific

embodlments, the Dll4 antagonist comprises about amino acid 27-172, 27-217 ,218-400, 218-360'

218-922, cil218-282 of SËQ lD NO:2, optionally fused to hFc (SEA lD NO:5).

Methods of Administration

IOO¡t4l The inventlon provides methods of treatment comprising administering to a subject an

effective amount of ân agent of the invention. ln a preferred aspect, the agent is substantially

pur¡f¡ed (e.g., substantially free from substances that limit its effect or produce undesired side-

effects). The subjeCt is preferably an animat, e.g., such as a cow, pig, horse, chicken' cat, dog, etc.'

and ¡s preferably a mammal, and most preferably human. ln a specific ernbodiment, it may be 
i

desirable to administer the pharmaceuticalcompositions of the invention locally to the area in need 
I

of treatment; this may be achieved, for exampte, and not by way of limitation, by local infusion 
i

durlng surgeryr topical application , ê.g1., by injection, by means of a catheter, or by means of an

implant.

I004q The methods of the invention may be advantageously performed by administration to the

area in need of treatment by local administration, lncluding intravitreal, intraocular, periocular,

subconjunctival, juxtasclerat, subtenon, or topical administration.

Combination TheraPies

tg046l ln various embodiments, the method of the invention is accomplished with a Dll4

antagonist, such as a Dll4 antibody, in combination with one or more addltlonalcompounds or

theraples or medical procedures. For example, suitable therapeutic agents for use in combination,

either alternating or simultaneously, lnclude fusion proteins capabte of blnding and inhibiting the

activity of vascular endothelial growth factor (VEGF) (see U.S. 7, 070,959 and 7.087,411),

immunosuppress¡ve agents such as cgrt¡costeroids, dexamethasone, cyclosporin A, FK506, or anti-

metabolic agents, (see Barker, NH, et al., (2000) Clin Exp Opthal 28:357-360). Other suitable

therapeutic agents for use in combination, either alternating or simultaneously, with the Dll4

antagonists of the invention may include agents that can block the biological activity of other VEGF

famlly members such as VEGF-C and VEGF-D.

EXAMPLES [0047] The following examples are put forth so as to provide those of ordinary
skill in the art with a complete disclosure and description of how to make and use the methods
and compositions of the invention, and are not intended to limit the scope of what the
inventors regard as their invention. Efforts have been made to ensure accuracy with respect
to numbers used (e.g., amounts, areal measurements, etc.) but some experimental errors and
deviations should be accounted for. Example 1. Effect of genetic deletion of a single 0114
allele on blood vessel sprouting in the developing retinal vasculature. [0048] An investigation
was undertaken to determine the effects of 13114 partial genetic deficiency on blood vessel
sprouting during normal developmental retinal angiogenesis. [0049] Animals. Velocigenelm
technology (Valenzuela et al. (2003) Nat. Biotechnol. 21:652-9; US Patent 6,586,251) was
used to replace the entire 0II4 coding region with the p-galactosidase reporter gene in
C57BLJ6:129 hybrid mouse embryonic stem cells. Chimeric males were bred to ICR females.
DIlefin mice backcrossed for 3 generations to ICR (87.5% ICR) were used for this study.
[0050] Histochemistrv and Immunostaininq. Mouse pups were humanely euthanized at P7.
Eyes were enucleated, and retinas were dissected, fixed overnight with 4%
paraformaldehyde, stained with FITC-labeled Griffonia simplicifolia (GS) lectin I (Vector
Laboratories, Burlingame, CA), and flat-mounted. Images were taken by using a Nikon
(Melville, NY) microscope. [0051] Quantifications. Measurements were performed using the
Scion Image software. Each experimental condition was assayed at least in triplicate.
Student's t-test and two-way analysis of variance were used to assess statistical significance.
[0052] Results. Peripheral plexus was much denser in D114,11ac1 mice than in wild-type
littermates. Higher-power views highlighted that the denser peripheral plexus in the retinas of
DM*Ilea mice consisted of capillaries that were larger in diameter, more highly interconnected
and hyperfused, so that in some areas the vessels coalesced to form a syncytium, and, in
addition, that there were many more sprouts at the growing front (Fig. 1); filopodla also were
observed in more interior portions of the plexus at a higher than normal frequency.
Quantitative analyses revealed that, compared to wild type controls, retinas of DiltrilacZ mice
showed a 68% increase in the number of sprouts at the growing front of the superficial retinal
vasculature (Fig. 1), as well more than a two fold increase in the number of capillary
interconnections per unit area, resulting in a significant increase in the vascular coverage.
Despite the marked morphologic changes, intravascular injection of fluoresceinated lectin
completely filled the developing superficial vascular plexus, except for the filopodia extending
from the tip cells, in DIleaa mice as in wild-type mice, indicating that all components of the
developing vasculature had lumens and were functional.  Example 2. Effect of D114/Notch
inhibition with 0114-Fe or anti-D114 antibody on the developing retinal vasculature. [0053] An
investigation was undertaken to determine the effects of 0I14/Notch signaling pharmacological
inhibition on endothelial cell proliferation and blood vessel sprouting during normal
developmental retinal angiogenesis. 
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consisted of capiltaries that were larger in diameter, more highly interconnected and hyperfused, so

that in some areas the vessels coalesced to form a synrytium, and, in addition, that there were
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compared to wild type controls, retinas of Dll4*Æø mice showed a 680/o increase in the number of

sprouts at the growing front of the superficial retinal vasculature (Fig. 1), as well more than a two

fold increase in the number of capillary inlerconnections per unit area, resultíng in a significant

increase in the vascular coverage. Despite -the marked morphologic changes' intravascular

injection of fluoresceinated lectin completely filled the developing superficlal vascular plexus, except

for the filopodia extending from the tip celts, in Dll4*md mice as in wild-type mice, indicating that all

components of the developing vasculature had lumens and were functional-
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[0054] Antibodies and reagents. 0114-Fc comprises the extracellular domain of mouse or
human DI14 and the Fc part of human IgG. 0114-Fe was expressed in CHO cells and affinity
purified by protein-A chromatography. Anti-D114 antibody was produced by immunization of
rabbits with recombinant mD114-hFc. The anti-serum was partially purified by protein-A
chromatography prior to use. [0055] Animals. C571816 mice (Taconic) were used to study the
effect of DI14-Fc or neutralizing 0114 antibody on developing retinal vasculature. [0056]
Intravitreal microiniections. Intravitreal microinjections (30 -100 nI) of the research compounds
were made between the equator and the corneal limbus by using a Drummond Scientific
(BroPA) nanoinjector equipped with a glass needle. [0057] BrdU labeling. Proliferating cells
were labeled by administration of BrdU (1 mg/kg i.p.) 20 h after intravitreal injection of hFc or
D114-Fc. Retinas were harvested 4 h later and stained with antBrdU (Dako North America,
Inc., Carpinteria, CA) and VE- Cadherin (BD PharMingen, San Diego. CA) antibodies. [0058]
Results. To study the effect of local intraretinal deficiency in 0I14/Notch signaling, and not
secondary to an undetected systemic abnormality, a soluble version of 0114 (termed DI14-Fc)
that binds Notch receptors without activating them, thereby blocking the actions of
endogenous DII4, or a neutralizing polyclonal antibody specific for the extracellular domain of
D114, was injected into the vitreous of wild-type mice. Three days after intraocular
administration of either D1I4 blocker, the retinal vessels exhibited morphologic changes that
closely resembled the vascular abnormalities found in D1144118a mice, including
dramatically Increased blood vessel density and vessel caliber. Moreover, these characteristic
morphologic changes occurred rapidly, being clearly evident within 24 hours.  [0059] BrdU
labeling also showed an increase in endothelial cell proliferation within 24 h of D114 blockade
(Fig. 2). The observed -17 % increase in the proliferation rate could yield more than 50%
increase in cell number within three to four doubling times. Example 3. Effect of DI14-Fc and
anti-D114 antibody on retinal vascularization, perfusion and vascular abnormalities in mice
with OIR. [00601 An investigation was undertaken to determine the effects of the 0I14-Fc and
anti-0114 antibody on the growth of retinal vessel, formation of vascular abnormalities and
retinal perfusion in oxygen-induced ischemic retinopathy (01R). 11  [0061] To determine
whether 0I14/Notch signaling plays a role in pathologic angiogenesis as well as during normal
development, the OIR model was utilized. In the OIR model, exposure of mouse pups to
hyperoxia at P7 results in a rapid obliteration of capillaries in the central retina. Following
return to room air at P12, the avascular zone becomes severely hypoxic, which in turn elicits
extensive abnormal neovascularization, characterized by the ectopic growth of vessels into
the vitreous (epiretinal vascular 'tufts') and the formation of abnormal arteriovenous shunts;
central parts of the retina remain largely avascular for an extended period. [0062] Animals and
OIR model. C57/B16 mice (Taconic) were used to study the effect of 0114-Fe or neutralizing
0II4 antibody on retinal neovascularization in OIR. OIR was produced following the method
developed by Smith et al. (Invest. Ophthalmol. Vis. Sci. 19941 35:101-111). Briefly, mouse
pups and their dams were placed into a 75% oxygen environment from postnatal days (P) 7 to
P12, and then returned to room air. Exposure to hyperoxia induces rapid vasoobliteration in
the central retina. When mice are returned to room air (P12), the loss of vessels from the
central retina results in severe hypoxia / ischemia which in turn stimulates the pathological
vascular changes described 



Exampte 2. Effect of Dll4/Notch inhibition with Dll4-Fc or anti-Þll4 antibody on the

devel opin g reti nal vasculature.

t00S3I An investigation was undertaken to determine the effects of Dll4/Notch signaling

pharmacologicalinhibition on endothelialcellprollferation and blood vessel sprouting during normal

developmental retinal angiogenesis.

I0054I Antibodies and reagents. Dll4-Fc comprises the extracellular domain of mouse or human

Dtl4 and the Fc part of human lgG. Dll4-Fc was expressed in CHO cells and affinity purified by

protein-A chromatography. Anti-Dll4 antibody was produced by immunization of rabbits with

recombinant mpll4-hFc. The anti-serum was partially purified by protein-A chromatography prior to

use.

t00551 AniEnals., C57lBl6 mice (Taconic) were used to study the effect of Dll4-Fc or neutralizing

Dll4 antÌbody on developing retina I vasculature.

tgQ56l lntravitreal microiniections. lntravitreal rnicroinjections (30 -10O nl) of the research

compounds were made between the equator and the corneal limbus by using a Drummond

Scientlfic (BroPA) nanoinjector equipped with a glass needle.

t00S4 BrdU labeling. Protiferating cells were labeled by administration of BrdU (1 mg/kg i.p.) 20 h

after intravitreal injection of hFc or Dll4-Fc. Retlnas were harvested 4 h later and stained with ant-

BrdU (Dako North America, lnc., Carpinteria, CA) and VE- Cadherin (BD PharMingen, San Diego,

CA) antibodies.

tgOgBI Results. To study the effect of local intraretinaldeficiency in Dll4/Notch signaling, and not

secondary to an undetected systemic abnormatity, a soluble version of Dll4 (termed Dll4-Fc) that

binds Notch receptors without activating them, thereby blocking the aclions of endogenous Dll4, or

a neutrallzing polyclonal antibody specific for the extracellular domaln of Dll4, was injected into the

vitreous of wild-type mice. Three days after intraocutar administration of either Dll4 blocker, the

ret¡nal vessels exhibited morphologic changes that closely resembled the vascular abnormalitles

found in Dll4*raø mice, including dramatically increased blood vesseldensity and vessel caliber.

Moreover, these characterístic morphotogic changes occured rapidly, being clearly evident within

24 hours.

f0g59l BrdU labeling also showed an ¡ncrease in endothelialcell proliferation within 24 h of Þll4

blockade (Fig. 2). The obserued -17 o/o increase in the proliferation rate could yield more than 50o/o

ínorease in cell number within three to four doubling t¡mes'

Example 3. Effect of Dll4-Fc and antl-D114 antibody on retinal vascularization, perfusion and

vaÊcu¡ar abnor¡nalities in mice wlth OlR.

t00601 An investigatlon was undertaken to determlne the effects of the Dll4-Fc and anti-Dll4

antibody on the growth of retinal vessel, formation of vascular abnorrnalities and retinal perfusion in

oxygen-lnduced ischemic retinopathy (OlR).

t1

above. [00631 To label patent blood vessels, 50 ml of Texas red-labeled Lycopersicon
esculentum (LE) Iectin (1 mg/ml; Vector Laboratories, CA) was injected into the left cardiac
ventricle and allowed to circulate for 5 min. [00641 Results. 0I14/Notch inhibition with either
DI14-Fc or anti-D114 antibody ameliorated pathological neovascularization (Fig. 3A-B),
stimulated growth of new blood vessel (Fig. 4A-B) and improved retinal re-perfusion (Fig. 6).
[0065] DI14-Fc or anti-DI14 antibody or a.control protein (hFc) was injected intravitreally at
P13, one day after the animals were returned to room air, well after vaso-obliteration was
complete. When the retinas were evaluated at P17, administration of 0I14-Fc or anti-D114
antibody dramatically suppressed the ectoplc growth of pathological neovascular tufts into the
vitreous (Fig. 1), and also prevented the formation of abnormal arteriovenous shunts. The
areas occupied by neovascular tufts was reduced by 43% in the retinas treated with D114-Fc
and by 85% in the retinas treated with anti-D114 antibody both comparing to hFc treated
control retinas.  [00861 Moreover, 0114-Fc and anti-0114 antibody were found to stimulate
more extensive sprouting of new vessels from capillaries and veins bordering the avascular
zone, resulting in a more rapid regrowth of blood vessels into the central retina where the
vasculature had been depleted thus reducing the avascular retinal area (Fig. 4A-B). The
avascular areas were reduced by 43% in the retinas treated with 0I14-Fc and by 63% in the
retinas treated with anti-D114 antibody. Particularly notable was the extensive capillary
re-growth emanating from veins in the avascular zone of 0114-Pc treated retinas. Thus,
attenuation of 13114/Notch signaling favored the extension of new vascular sprouts along the
retinal surface, and obtunded the formation of epiretinal neovascularization, resulting in a
more rapid reformation of the superficial vascular plexus. The new forming vessels 12  were
functional and exhibited improved retinal reperfusion as evident by 45% reduction of
nonperfused areas in D114-Fc.treated retinas (Fig. 5). Example 4. Effect of D114-Fc and
anti-D114 antibody on retinal hypoxia/ischemia in the OIR model. [0067] An investigation was
undertaken to determine the effects of the 0114-Fc and anti-0114 antibody on retinal
hypoxia/ischemia in the OIR model of pathological neovascularization. [0068] Excessive blood
vessel growth under pertain circumstances may interfere with normal blood circulation and
reduce tissue oxygenation. To test whether 13114/Notch inhibition can improve tissue
oxygenation, HYPDXYPROBEIK1 (Chemicon) was used in a non-invasive assay to detect
tissue hypoxia and determine the effect of D114-Fc treatment on retinal hypoxia/ischemia.
HyPQXYPROBETM1 was injected intraperitoneally at 100 mg/kg one hour prior to collecting
the retinas for evaluation. [0069] Results. The growth of functional new vessels following
intravitreal administration of D114/Notch inhibitors effectively reduced tissue hypoxia/ischemia
as evident by 69% and 30% reduction of hypoxyprobe-positive areas in 0I14-Fc or anti-DI14
antibody treated retinas, respectively (Fig. 6A-B). 



[0061l To determine whether Dll4/Notch signaling plays a role in pathologic angiogenesis as well

as during normal development, the OIR modelwas utilized. ln the OIR model, exposure of mouse

pups to hyperoxia at p7 results in a rapid obliterat¡on of capitlaries in the central retina. Following

return to room air at p12, the avascular zone becomes severely hypoxic, which in turn elicits

extensive abnormat neovascutarizat¡on, characterized by the ectopic growth of vessels into the

vitreous (epiretinal vascular'tufrs') and the formation of abnormal arteriovenous shunts; central

parts of the retina remain largely avascular for an extended period.

10062¡ Animals and olR model. c57lBl6 mice (Taconic) were used to study the effect of Dll4-Fc or

neutratízíng Dll4 antibody on retinal neovascularization in OlR. OIR was produced following the

method developed by Smith et al. (lnvest. Ophthalmol. Vis- Sci. 1994, 35:1O1-111)- Briefly, mouse

pups and their dams were placed into a 75o/o orlgen environment from postnatal days (P) 7 to P12,

and then returned to room air. Exposure to hyperoxia induces rapid vasoobliteration in the central

retina. \Â/hen mice are returned to room air (P12), the loss of vessels from the central retina results

in severe hypoxia / ischernia which in turn stimulates the pathologicalvascular changes described

above.

t0063¡ To label patent blood vessels, 50 mlof Texas red-tabeled Lycopersicon esculentum (LE)

lectin (l mg/ml; Vector Laboratories, CA) was injected into the left cardiac ventricle and allowed to

circulate for 5 min.

10064l ReFults. Dll4/Notch inhibition with either Dll4-Fc or anti-Dll4 antibody ameliorated

pathological neovascularization (Fig. 3A-B), stimutated growth of new blood vessel (Fig. 4A-B) and

improved retinal re-perfusion (Flg. 5).

l0O6sI Dl6-Fc or anti-Dll4 antibody or a.control protein (hFc) was injected intravitreally at P13'

one day after the animals were retumed to room air, well after vaso-obliteration was complete.

W-hen the retinas were evaluated at Pi7, administration of Dll4-Fc or anti-Dll4 antibody dramatically

suppressed the ectoplc growth of pathological neovascutar tufts into the vitreous (Fig. 1)' and also

prevented the formation of abnormal arteriovenous shunts. The areas occupied by neovascular tufts

was reduced by 43o/o lnthe retinas treated with Dll4-Fc and by 85% in the retinas treated with anti-

Dll4 antibody both cornparing to hFc treated control retinas.

too66l fvtoreover, Dll4-Fc and anti-Dll4 antibody were found to stimulate more extensive sprouting

of new vessels from capi¡aries and veins bordering the avascular zone, resulting in a more rapid re-

growth of blood vessels into the central retina where the vasculature had been depleted thus

reducing the avascular retinal area (Fig.4A-B). The avascular areas were reduced by 43% in the

retinas treated with DIGF6 and by 630/o in the retinas treated with anti-Dll4 antibody. Particularly

notable was the extensive capillary re-growth emanatlng from velns in the avascular zone of Dll4-Fc

treated retinas. Thus, attenuation of Dll4/Notch signaling favored the extension of new vascular

sprouts along the retinal surfiace, and obtunded the formation of epiretinal neovascularlzation.

resulting in a more rap¡d reformatlon of the superficial vascular plexus. The new forming vessels

t2

Example 5. Genetic deletion of a single 0114 allele reduces hyperoxia-induced
vasoobliteration. [0070] An investigation was undertaken to determine the effects of 0114
partial genetic deficiency on hyperoxia-induced blood vessel regression. [0071] Animals,
0114.nsa mice backcrossed for 3 generations to ICR (87.5% !CR) were generated as
described above. Due to a recessive (rd/rd) mutation the retinal photoreceptor cell layer starts
to degenerate at P12 in ICR mice. Therefore, to obviate potential secondary effects of
photoreceptor loss on the retinal vasculature, for evaluating later stages of retinal
development and for all IDIR experiments, 0114+na0z (87.5% ICR) mice were backcrossed to
C57131/6 to produce Rd/rd mice, which do not exhibit photoreceptor degeneration. [0072]
Mouse pups were placed into a 75% oxygen environment from postnatal days (P) 7 to P12.
Retinas were harvested and retinal vasculature was analyzed in flat-mounts. [0073] Results.
Reduced expression of 0II4 in the retinal vasculature of 13114441a0z mice partially prevents
hyperoxia-induced retinal blood vessel loss (Fig. 7). In the OIR model, exposure of mouse
pups to hyperoxia at P7 results in a rapid occlusion and obliteration of capillaries in the central
retina. To determine whether 0114/Notch inhibition may have a protective effect on blood
vessels, the effect of DI14 partial genetic deficiency In D114441acz mice on
hyperoxia-induced vasoobliteration was analyzed. Evaluating animals at P12 (so as to assess
the extent of hyperoxic vaso-obliteration) it was found that vaso-obliteration was reduced by
40% in Dil4'lav2 mice comparing to wild-type 13  littermate control animals, suggesting that
0114 inhibitors may protect existing blood vessels from regression. Example 6. Effects of
0I14-Fc and anti-13114 antibody on hyperoxia-induced vaso-obliteration. [0074] An
investigation was undertaken to determine the effects of 0114/Notch inhibition with 0114- Fc
and anti-0114 antibody on hyperoxia-induced blood vessel regression. [0075] Animals.
C571616 mice (Taconic) were used to study the effect of 0114-Fc or neutralizing D114
antibody on oxygen-induced retinal vase-obliteration. Intravitreal microinjections of the
research compounds were performed at postnatal day 8. At postnatal day 9 pups were placed
into a 75% oxygen environment. Retinas were harvested 24 hours later and retinal
vasculature was analyzed in 



werefunct¡onal and exhib¡ted improved retinal reperfusion as evident by 45o/o reduction of

nonperfused areas in Dll4-Fc.treated retinas (Fig. 5).

Exampte 4. Effect of Dll4-Fc and anti-Dll4 antibody on retinal hypoxia/ischemia in the OIR

model.

t0O64 An investlgation was undertaken to deterrnine the effects of the Dll4-Fc and anti-Dll4

antibody on retinal hypoxia/ischemia in the OIR model of pathological neovascularization.

f0068I Excessive blood vessel groì/vth under pertain circumstances may interfere with normal

blood circulation and reduce tissue oxygenation. To test whether Dll4/Notch inhibition can improve

tissue orygenation, HYPOXYPROBETM-1 (Chemicon) was used in a non-invasive assay to detect

tissue hypoxia and determine the effect of Dll4-Fc treatment

on retina¡ hypoxia/ischemia. HYPOXYPROBETM-1 was ¡n¡ected intraperitoneally at 100 mg/kg one

hour prior to collecting the retinas for evaluation.

[00691 ResultÊ. The growth of functional new vessels following intravltreal administration of

Dll4/Notch inhibitors effectively reduced tissue hypoxia/ischemia as evident by 69% and 30%

reduction of hypoxyprobe-positíve areas in Dll4-Fc or anti-Dll4 antibody treated retinas, respec-tively

(F¡g.64-8).

Example 5. Genetic deletion of a single Dll4 allele reduces hyperoxia-induced vaso-

obllteration.

[OOTOI An investigation was undertaken to deterrnine the effects of Dll4 partiat genetic deficiency

on hyperoxia-induced blood vessel regression.

[OO7U Anlmals. Dl]4+/racz mice backcrossed for 3 generations to ICR (S7.5% ICR) were generated

as described above. Due to a recessive (rd/rd) mutation the retinal photoreceptor cell layer starts to

degenerate atP12 in ICR mice. Therefore, to obviate potential secondary effects of photoreceptor

loss on the retinat vasculature, for evaluatlng later stages of retlnal development and for all OIR

experiments, Dtl4*ed (87.5o/o IGR) mice were backcrossed to G57BU6 to produce Rd/rd mice,

which do not exhibit photoreceptor degeneratlon.

[00721 Mouse pups were placed into a 75o/o oxlpen environment from postnatal days (P) 7 to P12.

Retinas were harvested and retinalvasculature was analyzed in flat-mounts.

t0073l Results. Reduced expression of Dll4 in the retinal vasculature of Dll4*/ra* mlce partially

prevents hyperoxia-induced retinal blood vessel loss (Fig. 7). ln the OIR model, exposure of mouse

pups to hyperoxía al PT results in a rapid occluslon and obliteration of capillaries in the central

retina. To determine whether Þll4/Notch inhibition may have a protective effect on blood vessels,

the effect of Dll4 partial genetic deficiency ln Dll4*¡d mice on hyperoxia-induced vasoobliteratlon

was analyzed. Evaluatlng animals at P12(so as to assess the extent of hyperoxic vaso-obliteration)

it wâs found that vaso-obliteration was reducedby 4!o/o in Dll4*@ mice comparing to wild-type

l3

flat-mounts. [0076] Results. Intravitreal injection of 0114-Fc or anti-I3114 antibody
dramatically reduced areas of obliterating vasculature by 97% and 41% respectively (Fig.
8A-B). Example 7. Effects of 13114-Fc and anti-0114 antibody on hyperoxia-induced blood
vessel occlusion. [0077] An investigation was undertaken to determine the effects of
0114/Notch inhibition with 13114- Fc and anti-0114 antibody on hyperoxia-induced blood
vessel occlusion. All procedures were performed as described above. [0078] 0114-Fc and
anti-0114 antibody treatment reduced non-perfused retinal areas by 40% and 29%
respectively (Fig. 9A-B). Example 8. Effects of systemic administration of 13114-Fc on
hyperOxia-induced blood vessel regression. [0079] An investigation was undertaken to
determine the effects of systemic treatment with 0114- 



littermate controlanimals, suggesting that Dll4 inhibitors may protect existing blood vessels from

regression

Example 6. Effects of Dll4-Fc and anti-Dll4 antlbody on hyperoxia'induced vaso-obliteration'

I00Z4t An investigation was undertaken to determine the effects of Dll4/Notch inhibitíon with Dll4-

Fc and anti-Dll4 antibody on hyperoxla-induced blood vessel regression"

100Z6I Animats. CSZlBlo mice (Taconic) were used to study the effect of Dll4-Fc or neutralizing

Dll4 antibody on oxygen-induced retinal vaso-obliteratlon. lntravitreal microinjections of the research

cornpounds were performed at postnatal day 8. At postnatal day 9 pups were placed inlo a 75o/o

oxygen envlronment. Retinas were harvested 24 hours later and retinal vasculature was analyzed in

flaþmounts.

to076l Results. Intravitreal lnJection of Dll4-Fc or anti-Dll4 antibody dramatically reduced areas of

obliterating vasculature by97o/o and 41% respectively (Fig. 8A-B).

Example 7. Effects of Dll4-Fc and anti-Dll4 antibody on hyperoxia-induced blood vessel

occlusion.

tog7q An investigation was undertaken to determine the effects of Dll4/Notch inhibition with Dll¿þ

Fc and anti-Dll4 antibody on hyperoxia-induced blood vessel occlusion. All procedures were

performed as descr¡bed above.

t0078] Dll4-Fc and anti-Dll4 antibody treatment reduced non-perfused retinal areas by 4o% and

29o/o respectivelY (Fig. 9A-B).

Example g. Effects of systernic administration of Dll4-Fc on hyperoxia-induced blood vessel

regression

tgg7gl Ari investigation was undertaken to deterrnine the effects of systemic treatment with Dll4-

Fc on hyperoxia-induced blood vessel regression.

toosol 4.1 mcg of hDtt4-hFc or 5 mcg of human hFc control protein was injec'ted intravitreally (lTV)

or hDll4-hFc was injected lntraperitoneally at a dose of 25 mg per kg of the body weight at P7. Pups

were placed into a 75% oxygen environment at PB and retinalvasculature was analyzed at P9. Atl

other procedures were performed as described above.

Iogsrl ReÞults. Both looat (intravitreal) and systemic (intraperitoneal) administration of Þll4-Fc

reduced areas of obliterating vascutature by 860/o alìd 56% respectively, indicating that

independen¡y of the route of administration Dtl4 inhibitors can be effectively used to protect blood

vessels from regression (Fig. f O)-

14

Fc on hyperoxia-induced blood vessel regression. [0080] 4.1 mcg of h0114-hFc or 5 mcg of
human hFc control protein was injected intravitreally (ITV) or h0114-hFc was injected
intraperitoneally at a dose of 25 mg per kg of the body weight at P7. Pups were placed into a
75% oxygen environment at P8 and retinal vasculature was analyzed at P9. All other
procedures were performed as described above. [0081] Results. Both local (intravitreal) and
systemic (intraperitoneal) administration of DI14-Fc reduced areas of obliterating vasculature
by 86% and 56% respectively, indicating that independently of the route of administration
0114 inhibitors can be effectively used to protect blood vessels from regression (Fig. 10).
Claims. 1. Use of a delta-like ligand 4 (DI14) antagonist in the manufacture of a medicament
for preventing or reducing blood vessel loss or promoting productive angiogenesis, or both, in
a subject having an ischemic injury or vascular insufficiency wherein the DII4 antagonist
comprises an antibody or antibody fragment that specifically binds DI14 and blocks the
binding of D114 to a Notch receptor or comprises the extracellular domain of DI14, optionally
connected to a multimerizing component. 2. Use according to claim 1, wherein the DI14
antibody or antibody fragment is polyclonal or monoclonal. 3. Use according to claim 2,
wherein the antibody or antibody fragment is humanized, chimeric, or is a fully human
antibody or antibody fragment. 4. Use according to claim 3, wherein the antibody or antibody
fragment is a single chain antibody, an Fab, or an F(ab')2. 5. Use according to claim 1,
wherein the multimerizing component is an Fc domain. 



Claims:

1. Use of a delta-like ligand 4 (Dll4) antagonist in the manufacture of a medicament for

preventing or reducing blood vessel loss or promoting productive angiogenesis, or

both, in a subject having an ischemic injury or vascular insufficiency wherein the Dll4

antagonist comprises an antibody or antibody fragment that specifically binds Dll4

and blocks the binding of Dll4 to a Notch receptor or comprises the extracellular

domain of Dll4, optionally connected to a multimerizing component.

2. Use according to claim 1, wherein the Dll4 antibody or antibody fragment is

polyclonal or monoclonal.

3. Use according to claim 2, wherein the antibody or antibody fragment is humanized,

chimeric, or is a fully human antibody or antibody fragment.

4. Use according to claim 3, wherein the antibody or antibody fragment is a single chain

antibody, an Fab, or an F(ab')2.

5. Use according to claim 1, wherein the multimerizing component is an Fc domain.

6. Use according to any one of the preceding claims, wherein the ischemic injury or

vascular insufficiency is selected from retinopathy of prematurity, ischemic

retinopathy, retinal vein or artery occlusion, and diabetic retinopathy.

7. Use according to any one of claims 1 to 5, wherein the ischemic injury or vascular

insufficiency is selected from cerebral ischemia, cardiac ischemia, ischemic

conditions affecting the limbs and other organs or tissues, arteriovenous

malformations, wound healing, placental insufficiency, arterial narrowing and

occlusion, atherosclerosis, and systemic or pulmonary hypertension.
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6. Use according to any one of the preceding claims, wherein the ischemic injury or vascular
insufficiency is selected from retinopathy of prematurity, ischemic retinopathy, retinal vein or
artery occlusion, and diabetic retinopathy. 7. Use according to any one of claims 1 to 5,
wherein the ischemic injury or vascular insufficiency is selected from cerebral ischemia,
cardiac ischemia, ischemic conditions affecting the limbs and other organs or tissues,
arteriovenous malformations, wound healing, placental insufficiency, arterial narrowing and
occlusion, atherosclerosis, and systemic or pulmonary hypertension.  8. A delta-like ligand 4
(DI14) antagonist for use in preventing or reducing blood vessel loss or promoting productive
angiogenesis, or both, in a subject having an ischemic injury or vascular insufficiency, wherein
the DII4 antagonist comprises an antibody or antibody fragment that specifically binds DI14
and blocks the binding of DI14 to a Notch receptor or comprises the extracellular domain of
DII4, optionally connected to a multimerizing component. 9. The DI14 antagonist for use
according to claim 8 wherein said DII4 antibody or antibody fragment is polyclonal or
monoclonal. 10. The D114 antagonist for use according to claim 9, wherein the antibody or
antibody fragment is humanized, chimeric, or is a fully human antibody or antibody fragment.
11. The DII4 antagonist for use according to claim 10, wherein the antibody or antibody
fragment is a single chain antibody, an Fab, or an F(a131)2, 12. The DI14 antagonist for use
according to claim 8, wherein the multimerizing component is an Fc domain. 13. The DII4
antagonist for use according to any one of claims 8 to 12, wherein the ischemic injury or
vascular insufficiency is selected from retinopathy of prematurity, ischemic retinopathy, retinal
vein or artery occlusion, and diabetic retinopathy. 14. The DI14 antagonist for use according
to any one of claims 8 to 1 1 , wherein the ischemic injury or vascular insufficiency is selected
from cerebral ischemia, cardiac ischemia, ischemic conditions affecting the limbs and other
organs or tissues, arteriovenous malformations, wound healing, placental insufficiency,
arterial narrowing and occlusion, atherosclerosis, and systemic or pulmonary hypertension.
15. Use according to any one of claims 1 to 7 or the DII4 antagonist for use according to any
of claims 8 to 14, wherein the subject treated is a human being. 



B. A delta-like ligand 4 (Dl14) antagonist for use in preventing or reducing blood vessel

loss or promoting productive angiogenesis, or both, in a subject having an ischemic

injury or vascular insufficiency, wherein the Dll4 antagonist comprises an antibody or

antibody fragment that specifically binds Dll4 and blocks the binding of Dll4 to a
Notch receptor or comprises the extracellular domain of Dll4, optionally connected to

a multimerizing component.

9. The Dll4 antagonist for use according to claim B wherein said Dll4 antibody or

antibody fragment is polyclonal or monoclonal.

10.The Dll4 antagonist for use according to claim 9, wherein the antibody or antibody

fragment is humanized, chimeric, or is a fully human antibody or antibody fragment.

11. The Dll4 antagonist for use according to claim 10, wherein the antibody or antibody

fragment is a single chain antibody, an Fab, or an F(ab')2.

12. The Dll4 antagonist for use according to claim 8, wherein the multimerizing

component is an Fc domain.

13.The Dll4 antagonist for use according to any one of claims B to 12, wherein the

ischemic injury or vascular insufficiency is selected from retinopathy of prematurity,

ischemic retinopathy, retinal vein or artery occlusion, and diabetic retinopathy.

14.The Dll4 antagonist for use according to any one of claims B to 11, wherein the

ischemic injury or vascular insufficiency is selected from cerebral ischemia, cardiac

ischemia, ischemic conditions affecting the limbs and other organs or tissues,

arteriovenous malformations, wound healing, placental insufficiency, arterial

narrowing and occlusion, atherosclerosis, and systemic or pulmonary hypertension.

15. Use according to any one of claims 1 to 7 or the Dll4 antagonist for use according to

any of claims I to 14, wherein the subject treated is a human being.
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