Therapeutic Methods for Treating Vascular Eye Disorders with DI14 Antagonists Field of the Invention
[0001] This invention relates generally to methods for treating vascular and ischemic disorders by
administering compositions that inhibit D114 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 0114 interaction with Notch receptors. Background
[0002] Angiogenesis is a fundamental process required 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 modTh¢rapedtici MethbrdsfeuTneatina\astidaofye Bistydets: vWisBY4iAbtrannigisease,
[0003] While unregulated "excessive" or aberrant angiogenesis is characteristic of numerous disease
states, insufficient an%io enesis, loss of blood vessels or functional or structural blood vessel
occlusicﬁi%gﬁggﬁa bavg #R8us medical problem. Promoting angiogenesis and/or preventing
regressiO@lexihindnrnsidnaetkates isanesaiibte Methodsidestipating asculBeapeeshesns Mgonders by
exampl@dhiriRngaiestRRiaHasHHvitant inéristideniaraNetich ceseliions arhizse Notahcelasptor
supply st esablistied; fe-eiahlieher sananned.aneupanded/AceArle uioharling and
after tisSue or organ trangp anfatlﬁh, or 10 Stimulate es?agll'ghm'ent of collateral' vessels or otherwise
increasisaherpisriispsdess Ly aslnainiptsripacrmpesitionsthat RibibREA intssBafamyitidigichgRSRRtpTs:
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) Saekageopnd 770-776). Notch signaling has also been implicated in the control of vascular
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NO:3-4, respectively. Gene-targeted DI14 mice have been generated (see, for example, Duarte et al.
(2004) G'Sre'né%eDev. 18:2474 - 2478; Krebs et al. (2004) Genes Dev. 18:2469 - 2473: Gale at al. (2004)
Proc N4A0Q83d WhileSinregulamolfexpsssive TrebesaMia8gpaanasih i tharaciersHrplyp EMsESd on
developing Mealaes SpisuidishaRigRe 6AUMNYOloas bt htd srevediseicationdtibautorasingled) blsvallele
resulted in embrypnic lethality, associ with r iti
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vascular insufficiency is due to the loss of blood vessels or functional vascular changes resulting in -

insufficfl ABEL USSR Srop Tanshlagiatiels e stimuiptn eelebfisnmental sy otatel Masa 5 Yers of
the eyectimreissiptecdizbibicpatinsipatbiya tetuepartioygainpitin inadeguate citmtatioar diseases
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OCCIUSI?Qﬁge 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 contro! of vascular development (Iso et al. (2003) Arterioscler Thromb Vasc
Biol. 23:543-553).
[0005] Delta-like 4 (DI14) or delta-like ligand 4 (Dli4) (hereinafter “Dil4") 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). Dll4 is a ligand for Notch receptors, including Notch1 and
Notch 4. The nucleic acid and amino acid sequences for human and mouse Dil4 are shown in SEQ
ID NO:1-2 and SEQ ID NO:3-4, respectively. Gene-targeted Dil4 mice have been generated (see,
for example, Duarte et al. (2004) Genes Dev. 18:2474 - 2478; Krebs et al. (2004) Genes Dev.
18:2469 - 2473: Gale et al. (2004) Proc Natl Acad Sci USA 101:15849-15954). These studies
showed that Dil4 was highly expressed on developing blood vessels in the mouse embryo, and that
genetic deletion of even a single DII4 allele resulted in embryonic lethality, associated with marked
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[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
following the establishment of ischemia. [0008] Pharmacological agents which inhibit DII4 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.
0114 inhibitors are also expected to be clinically beneficial in other conditions requiring the
establisyamgqu p&@gﬁ%?ﬁi%lgment of a vascular supply or that would otherwise benefit from enhanced
tissue per‘cfusmn. xamples of such conditions are arteriO\fnﬁxﬁﬁfp{gﬁtions, wound healing, organ
or tissue transplantation, and placeﬁﬁﬁﬁsﬁm&@ﬁ&tlﬁf shgmATY fre experimental work reported
below, iciosjnHititipnesentdnts atiterialates twvinetlos of slesting theresestiestiog theiFANBIRSTYEM
also be SHECHNGIN JRANDE SYSIRMUFLI6 NG BRI LARRGI BFIDN aitch itlates siiser (e H08GDAILEY).
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the invention may olydonal or monqgclonal, and may be humanized, chimeric, or fully human.
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multim RGeS e TS BRI R &N TRmunSyiobulm domaln, such as for example an Fc domain,
e.g., a Nestulefuee SO WosMERSssSTieemrEiast Phrathsjaaisell P eoripmee esrianzainard Which may
be nativgjeiteresl oesesidisrntud sRURtS @li€avor of more appropriate vessel formation in the ischemic
retina. Moreover, the application of Dil4 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 Dli4 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 retinopathies, 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
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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 DII4 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
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p<0. OOQQ&\aI?V culature characterized by the presence of abnormal vessels and/or 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(ab’)..
[0014] When the DIl4 antagonist 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 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:§). The protein may optionally
comprise a signal sequence, which may be native to the cell, recombinant, or synthetic.
{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 maiformations, 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 Dil4
activity in the manufacture of a medicament for treating, inhibiting or ameliorating an ischemic or
vascular disorder, wherein the DII4 antagonist is an antibody or antibody fragment capable of
blocking the binding of Dil4 to a Notch receptor, or a Dii4 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
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[0020] Fig. 2. Intraocular delivery of D114-Fc increased numbers of proliferating BrdU-positive cells in
the developing retinal vasculature. 4.15 mcg of mDI14-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 DI14-Fc or anti-DI14 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 contra! protein was injected intravitreally in 13 days
old (postnatal day 13, or P13) OIR pups. Retinal vasculature was analyzed at P17. (B) 2.55 mcg of
rabbit W@%Miﬂé%ﬁﬂmwyﬁmwhumﬂmFtrmemhmmiminﬂw*eﬂQﬁtravitreally
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at P17.ddsnrptiiased vascular areas were measured in retlnal flat mounts. Results were significant at
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rabbit polyclonal anti-mDIl4 antibody or 5 mcg of human hFc control protem was lnjec

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 Dll4-Fc improves retinal perfusion. 0.48 mcg of mDli4-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
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[0028] Fig. 10. Systemic delivery of DI14-Fc reduces or prevents retinal blood vessel loss. 4.1 mcg of
hDI14-hFc or 5 mcg of human hFc control protein was injected intravitreally (ITV) or hD114-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, apedo00sikiesided to be limiting, since the scope of the present invention will be limited only by
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now deggrtsl. RiHAIeASculature was analyzed at P17. Hypoxyprobe-labeled areas were measured in
retinal flat-mounts. (B) 2.55 mcg of rabbit polyclonal anti-mDIi4 antibody or 5 meg of human hFc
control protein was injected intravitreally at P13. Hypoxyprobe™-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. Results were significantly different at the
p<0.001 (A) and p<0.05 (B) levels.
[0025] Fig. 7. Genetic deletion of a single DIi4 allele reduces blood vessel loss induced by
exposure to hyperoxia. DIl4*=Z 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. 8A-B. Intraocular delivery of Dli4-Fc or anti-Dli4 antibody reduces or prevents blood
vessel loss induced by exposure to hyperoxia. (A) 4.1 mcg of hDll4-hFc or § meg of human hFc
control protein was injected intravitreally at P8. Pups were placed into a 75% oxygen environment
at P9. Retinas vasculature was analyzed at P10. (B) 2.55 mcg of rabbit polyclonal anti-mDil4
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 Dll4-Fc or anti-Dll4 antibody reduces retinal vessel
occlusion. (A) 4.1 mcg of hDll4-hFc or 5 meg 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. (B) 2.55 mcg of rabbit
polyclonal anti-mDIl4 antibody or 5§ meg 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 Dli4-Fc reduces or prevents retinal blood vessel loss.
4.1 meg of hDIl4-hFc or 5 meg of human hFc control protein was injected intravitreally (ITV) or
hDIl4-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 ievel.

DETAILED DESCRIPTION

[0029] Before the present methods are described, it is to be understood that this invention is not
5




[0031] By the phrase "D114 antagonist” is meant an agent capable of inhibiting 0114 bi [ vi
by blocking th(aT intgraction of DIl4 with its receptors. In%ibitionpof Dll4 activity n?ay bg E?Jﬁglﬁ?*r?i%tilt\ilgz
of receptor qctlvatlon either with an antibody to DI14 or with a DIl4 analog or fragment which binds but
does not activate the receptor (nonproductive binding). Common inhibitors include but are not limited
to antlbo_dles, soluble receptors, oligonucelotide aptamers, peptides or other small molecule
antagonists Qnd their derivatives, and modified 0114 ligands which bind their Notch receptor but are
unable t_o activate signaling through such binding. Other approaches include interfering with the
expression of the gene gnpoding 0114 or blocking Notch receptor activation, for example with siRNAs
o S RSP L A ORS 0L b omuiausagten ooty arphire o
] : | | . o .
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Dll4 blem@ewmwwhm@muuﬁm@mmEmélngéi'&aﬁ\ﬂﬁﬂéax’ﬁrlﬁﬂ’é‘é‘é’ss?é?%ﬁgneé%% m(gfre of
sagra(bfé@@%ﬁﬂ,éﬁty&'i%f i VivassAISHI@Y mppéhacar tigimasexamples below). Preferably, the
ability Jpgggfn“ﬁ%@/ toﬂnguéiil‘\'f',%ﬁ 01.1%%}'}@ IS@rshasedvieiairuet hidehindivg theasbtath
receptor,’stch StAPARE NSIHA" Ceneral Description [Q SSJ Notch signaling:Daibuvaiss ¥a
evolutiomeaiipg@sseavwaoriipiertegd oL onR E‘éﬁff’df?%{eikp Fhation ar?d‘%?ﬁerer']tiation nmany o

tissues,@%ugreaﬂgrﬁmii‘odﬁémmﬁﬁhw@mﬂmmennmg}eﬂttﬂﬁb@ﬁ%ﬁ&sﬂ‘?ﬁ@ RRIRIA FRRREYR in

expresged in the vasculatureand genelic felsion ahegsiaiarhiatehepastiwayd onprntenase inehdi
Notch1, ﬁgfgﬁffﬁﬁo?éhi, \'Ja%gedl, [?ill, D114, Heyl/'HeyEZi{or prresenilinS, results in embryonlic Iethlanlﬁy

a}ssocimmﬁvascular 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 DII4 is a
key Ilg@gﬂmgﬁ%ch receptors in the vasculature.

[0031] By the phrase “Dil4 antagonist” is meant an agent capable of inhibiting Dll4 biological
activity by blocking the interaction of DIl4 with its receptors. Inhibition of Dil4 activity may be through
inhibition of receptor activation either with an antibody to Dil4 or with a DIll4 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 DIl4 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 DII4 or blocking Notch receptor activation, for
example with siRNAs or gamma secretase inhibitors, respectively.

[0032] 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
Dll4 can be assessed by measuring one or more indicators of DII4 biological activity. These
indicators of DII4 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 DIl4 activity is assessed by inhibition of Dli4 binding to a Notch receptor, such as Notch1

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, Jaggedt, DII1, Dii4,
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, Dll4 is largely
restricted to the vascular endothelium, suggesting that Dii4 is a key ligand for Notch receptors in the

vasculature.
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[0034] During early embryonic development, genetic deletion of even a single 0114 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 DIl4 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. [0036] To overcome this limitation,
the effects of 0114 gene deletion were studied in mice of the 1CR strain, in which haplo-insufficiency

produce ited em on| Iethall T e vase uIar eob er [ mice was
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[0040] il exemp ary |mmunog ractarar ant uman IgG, comprises a tetramer
Each tBlpash¥pssnaplysian g/ EeRIERSOA 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
variabB,[‘eg*Q'Qagoq‘t? t 100-110 or more amino acids primarily responsible for antigen recognition.
The terms "vari ?e Ight chain” (VE) and variable heavy chain (VH) refer to these light and heav¥he

chainsIPOSRctiiif 2 ‘i'}'ﬁﬁi‘ﬂ&ﬁﬁ@% antibosien i AR B IpE R thsraef saRARISPidtlocking
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DNA me"lln s The terms antibody, as seq ereln Yalso inalud
produced by the modlflcatlon of whole antlbodles or those synthesized de nova using recombinant

DNA methodologies, or generated via display libraries such as phage, E. coil or yeast display libraries
(see, for example, McCafferty et al. (1990) Nature 348:552-554).




[0042] Dll4 analogs or protein fragments. The D114 antagonist may be a DII4 fragment optionally
connected to a multimerizing component. In specific embodiments, a D114 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. '
sequenitebecane @fifperspasat 1900 5 RIER QRS bB&THﬂ?n!é‘%?eé’ r$n ﬁ%ﬂ%ﬁr&%&ﬁg&o%ﬁé%gg ‘r:1

protein gidbedpuratiooteiualiibsigsat secuerremaligrotberapeatic. trareencalyHin RiaAt g eF RS C.
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0114 antagonist . about ami id 27-172. 27- 400, 2h8- 2 Rai
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e
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an anin{gﬁpe.g., such as a cow, orse, chicken, cat, dog, etc., and is preferably a mammal, and

most praliets s HgrRaf In a specific embodiment, it may be desirable to administer the

pharmagm4ijal compesiijtay dhtharingtabtitin (eotitipdy) steugheeal b of BmEalBE ORI e

achieved, (o EX ARl ARHRT DDLU RO ichlidarabind crpoIgbE e witary, tapingiair having
y Injection, by mean
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of the irRRSHS y administration to’'the area in need of treatment
by localdafinesistratiablémegidmgfinbavitlog e aoowee Jmeinecmids ainilj FRSRASRIR R Antigen
subtenqg.g5MRIRArRdRIRiNralitRDOgRiITAET (s wRrisaikbiShavatbam i) oiandothasm light
method of the invention is ac%o%}gl&hed with a D114 antagonist, such as a D114 antibody, in
combin&ﬁgr{‘ﬁ)ﬁW&ﬁ‘é'Bf fFSRE&dGitonal compounds or therapies or mediﬁfa&%ocedur%&,Fo& example,
suitable{80dfpe Antibgdies; guistias inteeiimmanesiobuing. QE&Eh AR hEBRIasi S Re fusion
proteingcaRaHe Prbindieg syndigaktpingith et tyeptivases|Feraiaingliel prositdigests ArEoH)qdEe
us.7, §7 9 E and (087 ?]ﬁ) IMMHASHPPIESRING PSSR e By CATliIFRSIINED WRikhMedNasane,
& . _
cydosp ﬁrlg XQ %g&é’?ﬁogreal@% et%yq a ll‘ej%?ns, ésee Barker, l,\IH,&et (E%? SZ&?OQ cfj"?\ e@m%g%]@rl\ ditions to
28:35Y-M)?ﬁﬁdia'@&ﬁéﬁlé"ﬂh@ha?)’eﬁl‘i’d%%@ﬁt??ﬁf’ug@qﬁ: b MANST, SHEFAERENRG or ,
simultameeatsevdiduthaclitkdganiagentitgefrdyiombatiey weyvierting shede@l) tRireiintRR fab
biologicgl aGlivity #2tReEMRSGHo P JDSMRSHT FHEMAR ME ST fhaaRthydrehida. WXRMEIGUS
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 novo either chemically or by using
recombinant DNA methodology. Thus, the terms antibody, as u_sed herein, also includes antibody
fragments either produced by the modification of whole antibodies, or those synthesized de novo
using recombinant DNA methodologies, or generated via display libraries such as phage, E. coli or
yeast display libraries (see, for example, McCafferty et al. (1990) Nature 348:552-554).
[0042] Dll4 analogs or protein fragments. The Dli4 antagonist may be a DIi4 fragment optionally
connected to a multimerizing component. In 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
comprising at least one cysteine residue. In a preferred embodiment, the multimerizing component
is an immunoglobulin domain, preferably an Fc 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,
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[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 DI14 partial genetic
deficiency on blood vessel sprouting during normal developmental retinal angioge esisfé 049[16 .
Animalinolusing geteirhaeeynioRis ILaensee Senaraliy0a $ja0at SSRIEEARS ‘ﬂiﬁ?gza-b‘, FSUPLIRS or
6,586, 2hinvasrHirdstererl acsidhe rdiie 6 khé tradingore Gaohdtbigna iGeairnesitasdectriiver igehe in
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) cell, reco
mice bagktrosse
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at-mounted. Images were taken by usin [ elville roseqp | S.
Vicasu(GREAR St banb HETHIOAY Aeaar iR Ol sl Ao DL ot ot AU Eleaion
assayeti7a: 2Idsand thelReter minad dpmainatebeutiprsiiieny 27 RiefTRMERER W ML dnsredilics
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mice caéﬁgé%g'gfr cé;%%?e8%3@3&@%2%@@%%%%}%@?é%gﬁﬁ‘%@ﬁﬁécted and hyperfused,
so that in some areas the vessels coalesced to form a syncytium, and, in addition, that there were
many nstho® sisaiftinigtaatisg front (Fig. 1); filopodia also were observed in more interior portions

of the Heguis 2 IR (VAL IROHRAL(AATHAH O RIALARP GRG0 cPSUBRERCIR Wild
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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, periocular,

subconjunctival, juxtascleral, subtenon, or topical administration.

Combination Therapies

[0046] In various embodiments, the method of the invention is accomplished with a Dii4
antagonist, such as a DIl4 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 al., (2000) Clin Exp Opthal 28:357-360). Other suitable
therapeutic agents for use in combination, either alternating or simultaneously, with the Dli4
antagonists of the invention may include agents that can block the biological activity of other VEGF
family members such as VEGF-C and VEGF-D.




[0054] Antibodies and reagents. 0114-Fe comprises the extracellular domain of mouse or human DIl4
and the Fc part of human 1gG. D114-Fc was expressed in CHO cells and affinity purified by protein-A
chromatography. Anti-0l14 antibody was produced by immunization of rabbits with recombinant
mDI14-hFc. The anti-serum was partially purified by protein-A chromatography prior to use. [0055]
Animals. C57/B16 mice (Taconic) were used to study the effect of DI14-Fc or neutralizing D114
antibody on developing retinal vasculature. [0056] Intravitreal microinjections. 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 labEX&MyEE#inistration of BrdU (1 mg/kg i.p.) 20 h after
intravitr, Lpieoygg RUbEmeeREk s les: A?@WW&WE& harueptediddtiaier ahordisanedkiliin tetagryith a
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vitreou§GARMEE ree ter intraocular administration of either DII4 blocker, the retinal
vessels exhibited morphologlc changes that closely resembled the vascular abnormalities found in
D114-+igtanne 1N BERiE0o genaticadyliettorestal ook Riksallgls on/bingd ¥essebsR5RHING ARG
these c ara(‘:tena#rm QF@ggl&,g{@gges occurred rapidly, being clearly evident within 24 hours.
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In the OI odel, exposure of mouse pups to hyperoxia at P7 results in a rapid obliteration of
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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 DII4*®% mice than in wild-type littermates.

Higher-power views highlighted that the denser peripheral plexus in the retinas of DII4*"*Z 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); filopodia 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 Dil4*"*Z 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 DIl4*"* mice as in wild-type mice, indicating that all
components of the developing vasculature had lumens and were functional.
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[0062] Animals and OIR model. C57/816 mice (Taconic) were used to study the effect of D114-Fc or
neutralizing 0114 antibody on retinal neovascularization in OIR. OIR was produced following the
method developed by Smith eta). (Invest. Ophthalmol. Vis. Sci. 1994, 35:1 01-1 1 1). 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 above.

[0063] To label patent blood vessels, 50, ml.of Texas red- led Lyco i I (LE) lectin
(1 mg/ﬁﬁ;'\?@tﬁ& L%&Sﬁglwﬁ’% érfﬁ'fg&'eod' imél:\k%l%t%grrd?ﬁ'déﬁr{ﬁéﬁﬂﬁ alfg(?vtvtgg to circulate

for 5 miavid6pitidesinitd v@stalalowh inhibition with either D114-Fc or anti-D114 antibody ameliorated
patholggieah negy asredagaasa Wi andbrBken i ditiashaio wid effetsidil Dild/Metsie s @Figling\-B) and
improved retinal re-perfusiap (Fig. 5). [0065] D114- - 3BHARLL O HERIE AU A SRS
was inﬁ&%?ﬁ?ﬁgﬁéd@%ﬁg&'ﬁn oﬁh .éyeg%tle? tﬁ%éﬁﬁ%ﬁsﬁ %v%&é [rbe'zturned to rc%m air,awelﬁgger
vaso-oigivelanmentalsenabraioganasthe retinas were evaluated at P17, administration of 0114-Fc or
anti-Djdomaboshieeieatined yeudepmes sd-the crippise thetxbigsathto gicaiaie of aseuraratiyman the

vitreous, (g, Hn 20 s &Y RURIIRAC ORI I LLARBOLET RIS allo uhelamnivy pUAreeas

occupied by neovascular tufts was réduced by 43% in the retinas treated .vvitp Ollfé},-ll—;%@snd.g_é 85% in
the retRTatEircAEIrAMAtaaiRp W ARSI Y SRS ATRTUEPHRY LD =R r&imas, [0 6]

MoreougfoRiblentenaDith atiftis Dilisl smttisecynveas pautimllycpstifindie protein-fiahsanaalparping RSFHde
vesselgfrom capillaries and veins bordering the avascular zone, resulting in a more rapid regrowth of

blood vessels into the central retina where the vasculatuyre had n t | P
avascdminé%ﬁ&M%%'ﬁggﬁggt l:t Eﬁé’zfg%v%’rg??ép ch:gdg gg&s%ﬁﬁ%ﬁé ?g#r%atqs,géggpgd

with D DI4-&ctiedbyro@eyetotingresiing wasaddtwieh anti-D114 antibody. Particularly notable was the
extensjga sl AValares Wil RinRRRIING. MravitiBSImibioinjaRNe30R4 00 A) bt the tessmdhetinas.
Thus, attenuation of 0114/Nptch signaling favored the extensio SARUSHRYRR0 the
retinal %?H?B%Pi%\a"ﬁfﬁdﬂﬁé%%ﬁ w%?r'ﬁgl?oﬁqo"%%irae?ﬁﬁa %gg%\?%(ﬁj aﬁ%ﬁ?%@lting in a rﬁgre rapid
reform&tientific{Brofsorisnsiviestoreqyipres Wiz helasenaRHiSessels 12 were functional and

exhibitegh Bpprogrel liaing rerdlikinming exigenirs)iatizled eyuatioinisftratiopesf Breld) 4lemg/ig i.p.) 20 h
0114-'?2?%&%9&&@&%@%@ R L ek ki
hypoxia ISChemia i the, mo eﬁ ‘An investigation was unde_rta% r1‘%%d(?};.ermineéhe Bffects of
the 01 BadEL(RRRNEEAMERGBING o fF ARIALTR SR AL NER AR SR H68EY BiS5mdtSrear

neovagajtaidied0068] Excessive blood vessel growth under certain circumstances may interfere
with n%ﬁaeéeﬁ'ioaesﬂr&.ug%;% Fesluee-lispue ivaanalion SLAJRRCY e IR RSEA Sigkairighiriomt

o AR 8 IR BTG TR B A SRR o D14 (aried DI PLf ST

binds Notch receptors without activating them, thereby blocking the actions of endogenous D4, or
a neutralizing polyclonal antibody specific for the extracellular domain of Dll4, was injected into the
vitreous of wild-type mice. Three days after intraocular administration of either Dli4 blocker, the
retinal vessels exhibited morphologic changes that closely resembled the vascular abnormalities
found in DIl4*"Z 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 DIl4
blockade (Fig. 2). The observed ~17 % increase in the proliferation rate could yield more than 5§0%

increase in cell number within three to four doubling times.

Example 3. Effect of Dil4-Fc and anti-DII4 antibody on retinal vascularization, perfusion and
vascular abnormalities in mice with OIR.

[0060] An investigation was undertaken to determine the effects of the Dll4-Fc and anti-Dil4
antibody on the growth of retinal vessel, formation of vascular abnormalities and retinal perfusion in

oxygen-induced ischemic retinopathy (OIR).
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on retinal hypoxia/ischemia. HYPDXYPROBEImM-1 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 0114/Notch inhibitors effectively reduced tissue hypoxia/ischemia
as evident by 69% and 30% reduction of hypoxyprobe-positive areas in DI14-Fc or anti-0ll14 antibody
treated retinas, respectively (Fig. 6A-B). Example 5. Genetic deletion of a single DII4 allele reduces
hyperoxia-induced vase-obliteration. [0070] An investigation was undertaken to determine the effects
of DIl4 partial genetic deficiency on hyperoxia-induced blood vessel regression. [0071] Animals. Dlira

mice backcrossed for 3 generations to ICR (87.5% ICR) were generated as describe . a
recessilR9EHirdYerdetriorinaavhaihar PoMIAteR siaraling RS J4RE 5 Bgtgﬁe%%%‘.tea ?ﬂlgﬂgﬁ% {I%C%Lrlﬁﬁ:tﬁé.

Therefeie distial Visimacdenivpsnent tasyOsaotsiel whs idiisshtor s OUR e iRPIREE AR
evaluating, et Sta0cs SLIE AL IRKIPRTER: BbRdnkRh RSB aN theldlpimtzdi PO GRhglce

were bACKEross U6 to produce ice, which do nagt exhibit neration.
[0072] mwgletﬁbm@Féb%t?ed*lﬁta"éW%’&&Ee‘ﬂeéﬂ(ﬂ%n?ﬁé%’t% o‘?rw %@é%ﬁj@@i&(@)g%gmz.

Retinasstershaniasteoiaine cotinatizizatiznu rhatacterizay fadhe RatapGARWHPMIsRRISIMY Reduced
eXpreS?)fﬂ%gﬁP(la?:ﬂéﬂ%%%ﬂr“ﬁﬁféﬂ%@etm BhalarmBicnpsrinlanesiwaiscyshwEn-tettrabd
retinal blood vessel loss (Fig..7). In the OIR n?odfelr exposure | f qyge pups to hyperoxia at P7 results
in a ragf@'&R AlS ena Eﬁﬂ%%‘ﬁ&%e ol éfr?erscin%ﬁe cen;ra%é%na. To determine whether .
D114/NoaB2ihhihiimalsna ) o @Wéﬂé&f&ﬁ%ﬁ@m%&%@é{sﬂé@f?é%?%ﬁt?ﬁf'ba?fiﬁ e st
deficiengy ipRlialastaaiseneny Waesada-udvescuataabiianaOti DiR waslpredu@ddeltawigeHimals at
P12 (so as,to assess the extent. of erpxi jterati iEyya. | thak -ehldayatsuvas
reduce&nﬁ?ﬂfé’; o"’i‘ﬁ‘%’ & rs?fcger%%%m%z\%h Rﬁgﬁﬁ?@%}?ﬁﬁiﬁgﬁﬁ iggﬁor?kanip%?;u ﬂﬁig J'!_E'ﬂtz
D114 irmlbncﬁamﬂasirpﬁate%mm‘@fsfbm3§4fs°ﬁ69ﬁ?§g§%‘é§‘§?8ﬁ‘?’§>%‘?ﬂ‘p?€ g qcta_of@ni- c
and antirk teandandz @ tohgpaieiiaERrponae tabppehiitis inducde 0FAHMasaobltRyation iy fie central
undertaken todaterming the afferisPIRLIAHNRIE B RLIRBYENEIEAR o 2stitfil tdinatisedyson
e

hyperoxia-induc lood vessel regression, . -
P in severe hypoxia / ischemia%vhich?n turn stimulates the pathological vascular changes described

above.
[0063] To label patent blood vessels, 50 ml of Texas red-labeled Lycopersicon esculentum (LE)

lectin (1 mg/ml; Vector Laboratories, CA) was injected into the left cardiac ventricle and allowed to
circulate for & min.

[0064] Results. Dil4/Notch inhibition with either Dll4-Fc or anti-DIl4 antibody ameliorated
pathological neovascularization (Fig. 3A-B), stimulated growth of new blood vessel (Fig. 4A-B) and

improved retinal re-perfusion (Fig. 5).

[0065] DIli4-Fc or anti-Dll4 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 Dll4-Fc or anti-DIl4 antibody dramatically
sijppressed the ectopic 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 Dli4-Fc and by 85% in the retinas treated with anti-
Dli4 antibody both comparing to hFc treated control retinas.

[0066] Moreover, Dil4-Fc and anti-Dll4 antibody were found to stimulate more extensive sprouting
of new vessels from capillaries 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 Dil4-Fc and by 63% in the retinas treated with anti-Dli4 antibody. Particularly
notable was the extensive capillary re-growth emanating from veins in the avascular zone of Dli4-Fc¢
treated retinas. Thus, attenuation of DIl4/Notch signaling favored the extension of new vascular
sprouts along the retinal surface, and obtunded the formation of epiretinal neovascularization,

resulting in @ more rapid reformation of the superficial vascular plexus. The new forming vessels
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[0075] Animals. C571816 mice (Taconic) were used to study the effect of D114-Fc or neutralizing D114
antibody on oxygen-induced retinal vaso-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
flat-mounts. [0076] Results. Intravitreal injection of D114-Fc or anti-0114 antibody dramatically reduced
areas of obliterating vasculature by 97% and 41% respectively (Fig. 8A-B). Example 7. Effects of
DI14-Fc and anti-D114 antibody on hyperoxia-induced blood vessel occlusion. [0077] An investigation

was unierkerie driinnR iR g iR Al PN ELINIBNGR whadhy JershianioR bt antibody
on hyperoxia-induced opd( vessel occlusion, All procedures were performed as described above.
[0078] mm&ﬁf@%ﬁﬂjaéﬂﬁsm%%ﬁ%ﬁﬁ%ﬁm%au%d non-perfused retinal areas by 40% and 29%
respectively (Fig. 9A-B).
Example 4. Effect of DIl4-Fc and anti-Dll4 antibody on retinal hypoxial/ischemia in the OIR
model.
[0067] An investigation was undertaken to determine the effects of the Dli4-Fc and anti-Dli4
antibody on retinal hypoxia/ischemia in the OIR model of pathological neovascularization.
[0068] Excessive blood vessel growth under certain circumstances may interfere with normal
blood circulation and reduce tissue oxygenatian. To test whether DIl4/Notch inhibition can improve
tissue oxygenation, HYPOXYPROBE ™-1 (Chemicon) was used in a non-invasive assay to detect
tissue hypoxia and determine the effect of Dll4-Fc treatment
on retinal hypoxia/ischemia. HYPOXYPROBE ™-1 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
Dll4/Notch inhibitors effectively reduced tissue hypoxialischemia as evident by 69% and 30%
reduction of hypoxyprobe-positive areas in Dll4-Fc or anti-Dll4 antibody treated retinas, respectively

(Fig. 6A-B).

Example 5. Genetic deletion of a single DIl4 allele reduces hyperoxia-induced vaso-

obliteration.
[0070] An investigation was undertaken to determine the effects of D4 partial genetic deficiency

on hyperoxia-induced blood vessel regression.

[0071] Animals. Dil4*"*** mice backcrossed for 3 generations to ICR (87.5% ICR) 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 OIR
experiments, DII4*"2°% (87.5% ICR) mice were backcrossed to C57BL/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 DIi4 in the retinal vasculature of Dil4**** mice partially
prevents hyperoxia-induced retinal blood vessel loss (Fig. 7). In the OIR model, exposure of mouse
pups to hyperoxia at P7 resuits in a rapid occlusion and obliteration of capillaries in the central
retina. To determine whether Dli4/Notch inhibition may have a protective effect on blood vessels,
the effect of DIi4 partial genetic deficiency in DIi4*"** 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*%Z mjce comparing to wild-type
13




Example 8. Effects of systemic administration of D114-Fc on hyperoxia-induced blood vessel
regression. [0079] An investigation was undertaken to determine the effects of systemic treatment with
D114- 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 hD114-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 DI114-Fc

reduced areas of obliterating vasculature by 86% and 56% respectively, indicati pdene tl
of the rditier W&%%ﬁ%‘i‘réﬂb’ﬁ#ﬁlﬂ‘ﬂﬁﬁﬁ%&tﬁ%ﬂﬁ pRIRTR T u&ﬁ%%%‘rc%%%%%%ég\?gssels frgﬁw Y

regressiigrdsgioh)). What is claimed is: 1. Use of a delta-like ligand 4 (0114) antagonist in the
manufacture of a medicament for preventing or reducing blood vessel loss or promoting productive

angiogenesis, or b i j ' ' IG40] ' IC} i i
aningor R e b oy S e
binding [FOT#14 AndrNestination pias YnaBHAiRLs gRisTR e %V%ﬁw%i%‘%’é)ﬁiﬁ dBﬁbﬁ!a‘?@"é’Sn nBe'Eft‘ed
to a MUESAE IHKAONIRPARBBHY on hyperoxia-induced blood vessel regression.:
[0075] Animals. C57/BI6 mice (Taconic) were used to study the effect of Dli4-Fc or neutralizing
Dli4 antibody on oxygen-induced retinal vaso-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
flat-mounts.
[0076] Results. Intravitreal injection of Dll4-Fc or anti-Dli4 antibody dramatically reduced areas of

obliterating vasculature by 97% and 41% respectively (Fig. 8A-B).

Example 7. Effects of Dll4-Fc and anti-DIl4 antibody on hyperoxia-induced blood vessel

occlusion.
[0077] An investigation was undertaken to determine the effects of Dli4/Notch inhibition with DIl4-

Fc and anti-Dil4 antibody on hyperoxia-induced blood vessel occlusion. All procedures were

performed as described above.
[0078] Dl4-Fc and anti-Dil4 antibody treatment reduced non-perfused retinal areas by 40% and

29% respectively (Fig. 9A-B).

Example 8. Effects of systemic administration of DII4-Fc on hyperoxia-induced blood vessel
regression.

[0079] An investigation was undertaken to determine the effects of systemic treatment with Dll4-
Fc on hyperoxia-induced blood vessel regression.

[0080] 4.1 mcg of hDll4-hFc or § mcg of human hFc control protein was injected intravitreally (ITV)
or hDll4-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 PS. All
other procedures were performed as described above.

[0081] Results. Both local (intravitreal) and systemic (intraperitoneal) administration of Dli4-Fc
reduced areas of obliterating vasculature by 86% and 56% respectively, indicating that
independently of the route of administration DII4 inhibitors can be effectively used to protect blood

vessels from regression (Fig. 10).
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2. Use according to claim 1, wherein the 0114 antibody or antibody fragment is polyclonal or
monoclonal. 3. Use according to claim 2, wherein the antibody or antibody fragment is humanized,

chimeric, qf/jsaiduiyihugan antibody or antibody fragment. 4. Use according to claim 3, wherein the
antibody fragment is a single chain antibody, an Fab, or an F(abl. 5. Use according to claim 1, wherein
the multimerizing component is an Fc domain of an IgG. 6. Use according to any one of the preceding

claims, wherdisetiof dsitntiie ijurd or (DAag akatabisiiiriens ynisnsrieaird Jraneatbaprahmpof
prematuri [ tinal vein or arter cclu3| n, and diabetic retino 7. Use
tb/ré%yo G %%Palmiwé ogeve %(:F\'ja(?l%s &'i %"Zmlglﬁjurygv\?a%%f%gr R%ﬂﬁl(?ﬂﬁ% |§"s%lected

according to an
from cereﬁ%%&l‘?@ﬁﬂ?ﬁ ERIRTRRMET INiYT0T |y@ﬁ@ﬁtlwﬁﬂwmaﬂe@m treeDifhlostagosisdvenous

malformatingsrivesiad ARG &'Qﬁﬁﬁ’&@kl'ﬂ% Hisignet %&%ﬂﬁhﬂ?ﬁﬁ%@u@%@%ﬁ@&ﬂe binding of
A delta-like ligand 4 (D114) antagonist

h | |
o e o oo PSR e Ao ot o

for use in preven ing 6
subject havkignaiizgiheenmpangmy or vascular insufficiency, wherein the D114 antagonist comprises an

antibody or antibody fragment that specifically binds 0114 and blocks the binding of DII4 to a Notch
receptor ¢ CYRSHRFSSLRG o gidiBt Aunhatsin i Bilé antibefitiehanthashifeamensia palytionatieng

componenionécidiig. D114 antagonist for use according to claim 8 wherein said 0114 antibody or
antibody fragment is polyclonal or monoclonal. 10. The DII4 antagonist for use according to claim 9,
wherein tRe Hpeilacogrdinaitibtaily £agheseinitheemiiude dr ehiibedy fraginenfislyibbaniedriiodyior
antibody fagragnly hukdan B5tB4 ﬂﬁ?%ll tﬂtg Hefraccording to claim 10, wherein the antibody
fragment is a sin Fre chain antllb 334 Fab, or a% ﬁab)z. 12. The DI14 antagonist for use according
to claim 8. vibes aittthging tisRAiZY) U ReIAQRE Bhibaly TragRRIRIR of MMgi8@hain antibody, an Fab,

or an F(ab’),.
5. Use according to claim 1, wherein the multimerizing component is an Fc domain of an IgG.

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 ve.in 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, cardiab ischemia, ischemic conditions affecting
the limbs, arteriovenous malformations, wound healing, placental insufficiency, arterial

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

8. A delta-like ligand 4 (DIl4) antagonist for use in preventing or reducing blood vessel loss or
promoting productive angiogenessis, 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 DIl4 and blocks the binding of DII4 to a Notch receptor or comprises the

extracellular domain of DII4, optionally connected to a multimerizing component.

9. The Dll4 antagonist for use according to claim 8 wherein said DII4 antibody or antibody

fragment is polyclonal or monoclonal.

10. The DIl4 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 fragment is a single
chain antibody, an Fab, or an F(ab’),.

12. The DIl4 antagonist for use according to claim 8, wherein the multimerizing component is an
Fc domain of an IgG.
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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
onist for use according to any one of

artery occlu 'onT anglﬂiabetic retinopathy. 14. The DII4 antagoni | ) _
claims 8 to ﬁ Whe i INE9ONR tfr?irc‘ﬁ?ﬁﬁ‘§3°8fq}%%&%%ﬂyiﬁ§9ﬁ%?@1w 8 Qi iebenRimteiehemischemia,
cardiac ischRiffiaoiseisewric inouitiiiens iffeettotpd fotimbtn arittiovenensmaforveataRsesmehy,

healing, p'@%ﬂ@b@ﬁ@&%xca%gﬁ] %r&%@gcq.@gn%%m?_ion, atherosclerosis, and systemic or
C

pulmonary hypertension. . Use according to any one of claims 1 to 7 or the D114 antagonist for use
according toédarpheflaianta§dmistdorvizeradadhimgubiss) beatr IS A WP QGG the ischemic

injury or vascular insufficiency is selected from cerebral ischemia, cardiac ischemia, ischemic
conditions affecting the limbs, 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 DIl4 antagonist for use according to any 6f

claims 8 to 14, wherein the subject treated is a human being.
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