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 developni$ EnO BrOULLA IANATGONIST SN TSCHENMIC INFURNWI00d
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'excessi%}g%@pﬁér‘?ﬂgmdgpgenesis is characteristic of numerous disease states, insufficient
angiogenesis, loss of blood vessels or functional or structural blood vessel occlusion can also
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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] Thadkgiehnsignaling 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
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vesselNatoRa ApRdiddcleic acid and amino acid sequences for human and mouse DIi4 are shown in SEQ
ID NO:1-2 and SEQ ID NO:3-4, respectively. Gene—targetéd Dli4 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 DIl4 allele resulted in embryonic lethality, associated with marked
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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 neasowarglammiroaifiesion, indicating that D114 inhibitors would also be effective in
treating systemic or pulmonary hypetessiSuMmMARYBEFHIEONEENTIDY9] D114 antagonists
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corneal transplantation. f'(? ne antibody or antibody fragment used in the method of the
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cell rec%n uigea{a;[e gbéé@&USHP 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 0114 activity in the
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differentrgﬁqngaft}aogogmqwgy, ischemic retinopathy, retinal vein or artery occlusio abeti
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 monocional 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 DIl4 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.

[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 insufﬂciency, 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 Dil4 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 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 0114-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 (postn taLgeal}/s 1§ﬁn°rp§t]n§)o(f)|R
pups. Retinabniase ofatorealhioad ¥resels of peseel fnstion My &Y 'Bﬁ pquc‘iqna anti-m0114
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4A-B. InGRSCAMR GERPEIGBIBITRFL0F dnti-0114 antibod ameliorates formationafy. cerebral
pathologieaf fleovisautiramhadivant: %E?RS%ﬁrdFﬁﬁ%ﬂiﬁ?fc or 0.5 mcg oﬁwrﬁam hFc
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delivery a&&dfigtibs. improves retinal perfusion. 0.48 mcg of mDI14-hFc or 0.5 mcg of human
hFc control protein was injected intrayjirerlgumMRARYOP THEFIGMBRERre perfused with
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Non-perﬁ? va areas were measured in refinal flat-mount Talali{ )
tne 4 pdoodorslene [obANAREAES NYIBEIS) DBIAR AT O I LR ARt oty
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hour beforeﬁ_ge é”\ﬂ%ﬂ the animals. RediaalVasrdg e RS 8RdY ¢t hGman hFc control protein
[abe

Hypoxyp'l‘b areas were measured in retinal flatmounts. [
polyclonaraE USRSEATEAEERY 5 SRR U AAEHAEE (RS V?gﬁﬁﬁi@%‘%&i@h 24 hours

intravitrerifyraNBrhBetd gl Bgibt obeitive Tella i auanifiad sefRo iﬁf‘?ﬁ‘ig%flr%’%% pgults were

sacrifici@é%@ﬁ@@&\@ﬂg@kﬂ@gwle&u@w% analyze'd; at P17. .Hypoxyprobelabeled areas

were megstyad ip retinalfiamounts «B6SH S uRicr on Hikais difiasent proietes the regrowth of
retinal vessels in mice with oxygen-induced ischemic retinopathy (OIR). (A) 0.48 mcg of mDli4-hFc
or 0.5 mcg of human hFc control 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 polyclonal anti-
mDli4 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 DIl4-Fc or anti-Dll4 antibody ameliorates formation of
pathological neovascularization in OIR. (A) 0.48 mcg of mDli4-hFFc or 0.5 mecg 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 meg 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 Dil4-Fc improves retinal pgrfusion. 0.48 mcg of mDIi4-hFc or
0.5 meg of humén 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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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. Dlleacz and littermate WT

1 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
polycloangﬁﬁ-‘?ﬁt'-%’fﬂ antibody or 5 mcg of human hFc control protein wa. in'ectgd
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10. SysterfOEMLAPSPTELEARINRFces or prevents retinal blood vessel loss. 4.1 mcg of
h0114-hfeo28]5 Figg7of Ganein éélcticnnifel gingleiPiidalididaetusasthinrdasssel 1oss siduced by

hDI14-hEgwasdushirikiansiiorealha atarrase Wik moineck wverd iabed intuatehT tFRokygen
Pups were piaged, igto & [e20 O%Qu Qtﬁpﬁvﬁ%gglﬁ%%éﬁﬂﬁ%@ﬁh@&%‘ﬁﬁ%@e@@é WerlysRiftantly

P9. ResteWaTe SIghificanty QfSTent a evel. DETAILED DESCRIPTION
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the scope 0 the oresent invention will be limited only by the appende l?lmF. L())O?iOl Unigss
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[0027] Fig. 9A-B. Intraocular delivery of DIl4-Fc or anti-Dil4 antibody reduces retinal vessel
occlusion. (A) 4.1 mcg of hDll4-hFc or § meg of human hFc control protein was injected
intravitreally at 8. 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-mDIli4 antibody or § meg of human hFc control protein was injected intravitreally at
" P8. Pups were placed into a 75% oxygen environment at PS. 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 mcg 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 level.

DETAILED DESCRIPTION

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




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 0114 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 wj
expressinniefithepgeicelancetingso 2nd SRsHRRME! ALK 5T ‘SEév%‘\?iSH, \3?%55% o with
SIRNAS g5, SfBRERSOIHASE inbisitay serengerstvaihi0082lerminel@u ksp e IS RIE" PUPose
antibody, is, igg%g%%dgg%@g; D iadRibasynyhase ibinslingdadet4a esuitstindrsisiesheoiopie of the
biologicaq agtlvny 0 .114.‘This_innib'tiorl1 ftﬁ} l% Q iRl @gtiyity of 0114 can be assessed by
MeasuriRgesr BVARRD wilieg i %ﬁi Bﬂ%‘bo%oﬁa activity. Eu?se Indicatars & Rddthe same
biologicqoaonyitywaws@efmgmmé"dF‘fHB}fékﬂ'ﬁe?/ﬂgé\“ I IS4Rd in vitro or in viva
assays kieuHhig 8 ecri(sely anaenytesiibylong oPpedineny|ghihie tR{t & %(H'%M%&V?B fon belongs. -
”e“”a"zﬁg%%. RS iR RS RaeHRAINb G of ExlivaleintdintesmdisrthadBefipre3nae 48ed in
Notchl and Noich4. G?rgs lE‘al Q?ﬁgréﬂ&'?é}\wmﬂim% SIQFEH!&@ Rt \dna aaeniltiarandw

conservél® gFﬁftb‘f%)?rkgy rates in céll-fate determination and differentiation in many, tissues

during esigasyiieid. and postnatal development. Major components of the Notch pathway are

expressed in the vasculature and genetic deletion of certain Notch pathway components,

includingNaishdndlotchl/Notch4, Jaggedl, DI11, 0114, Heyl/Hey?2 or presenilins, results in

embryonicéiﬁar ssociated with yasciakerARlne seiretapdlikrsrghibiiap@itheadogical
resse

genes al? er?rr‘ﬁa?t pletissue and cell types, 0114 is LrEstE i S5 AF
endothelﬁﬂﬁ?’,‘%@g‘é@ﬁlﬁg&ﬁéﬁl b‘ﬁ'lﬂciéj% REDR AN ?8{%?8535?@‘3%%%%?%5%&2@2 mentough
[0034] Diniitstieardy reveptponididation sithrsvith encntierds 4o Pbt QUi Eﬁ@f&ﬂf&ga?reﬁ g

e

produces, SRYEERNEBGHIRa R HBRisie i aé cestolt (noeprbdystive loiitle)- iR arimapipigliors include

strains. Indeed, among the many, ge0esipkRYesh forsliyearnasiaaapamsisgpesisles aplber
insuﬁicie%‘éﬁlaﬁ%g%ég‘r’l re %rte«ﬁ% result |n major. vascular def , ianlsihakliber Nitch
for 0114 asmallpwiecy! mﬁﬁﬁﬂﬁ’cﬂi‘gfﬁég J%{r“é%?tla'és %@ﬁ%%g%ﬁﬁ%ﬁg%ﬁ %tlgti'gag ©

‘making irefitotttut precisabjetochatiatecsionalipi oy gl AuRTHHgIag B {j%‘\)’érﬁ)?o%n%n![ anéfl i
pathologialReHHG RN ARSIgFesaIs cotme dbimimitation ikt artkiceking Oipieh gesrRPIERERton. for

were studied I (IGR SRR 19%3‘%1{@\‘9 inhish hrBlerasullisienaeroduces only limited
: ] SO 5 i 5] _
embryonﬁgfé‘?ﬁaﬁ\ﬁ_‘% € vascul: erhenOiB/ﬁe oliserved indhgss AR TURSHIBR G WRSHS Bilfdling to
that obtal83”In wicPgHERlAiRg iAnRIRFFBPLANSEH Signaling was selectively iphibited by iy of
intravitre@lihjestitmininbibitiabef teibigipgiea) petivity of DIl4. This inhibition o ‘ e biciogleatdetvi y o
DIi4 can be assessed by measuring one or more indicators of Dll4 biological activity. These
indicators of Dll4 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 Dli4 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, Dli1, 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 Dll4 is a key ligand for Notch receptors in the

vasculature.
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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

1 al. 2004 jpbPe\oRingAAPRHo8): arddbpmenlcyanttio pathidlo gioalar g Hogindllig aliele
associatgrb Wi o e 95%%%%% SRR RIALALRY L ROTR I RIA7 T IRdsOF sk Batine.

the retinal vasculature Is rea accessible to experimental mannpcplagr(]%é\qr%h qgug%qo’d insufficiency

|ntrawtre'éﬂ’?ﬁ&cﬁﬂ}%’b‘ﬁ8??3'8?@5(88?‘???&?1‘{3‘"3 é'ﬁtsaswt??ﬁ’ﬁue exper escribed below
show thadiash beeurerpriediviesuihial mmwmésﬁ%mn%ﬁmm% 3y qgly for Dil4 and

pharmacetsical Eapp@nbigonmt RiH0itNpreblsipsatiost mauddénth nemipdatiogo geating it difficult to
sprouting A3d By ARALARNG d RALBPUARRS S6UlIRR U raBIARNN BN oS aSetis.
this, it was_found that endogenqus 0114 expres |0{1 %q]ilcgnaerl ml‘r,},ené %@gmﬁﬁme of the
active refi8#d of vﬁé’gﬁf&f’ﬁ?%w{ﬁ 'HU‘Fﬁ%S‘BéFI? SURARI ARG men
|v|oreovéc@ls_tnalnhmmmmmedmwesmgﬁa%?mm 'ﬁwfﬁé amaf?ﬁéﬂ l‘?é&%‘matﬂ?s YgRpular
preventgshbletghby essehantihsinsandiegratsioms ChivpaatdgdhateiOBR] ID Middypegoisietis which
K;C'tuge %1%9{&;}?4@9&.41@[@%9 gasmeaﬁﬁhﬁg@éﬁ Wm@ﬁt@?btaféemwamm PhRkdAdODN4,

otch re r, for example. No eins or in men |
extracell ﬁ " dBme ?nng E'W‘ﬁ %?Tyﬂ ag lc})sed& a3 mutf?’me)ﬁl'z%ir? e%cograggﬁé?rﬁ%[ég"%]eggr tlr1]ese

peptibodR¥ReEments: thereling WS ﬁ%i?@?ﬁ‘b%ﬁ'd&ﬂéﬁ‘ 2&)%?9!0229@2’3‘ i éP’@'Vé?'}“ pPegause the
antlbod|estnﬁmeasbmaeremmalwglpwhatanphtms@yéasmmrhmethateédmtdywmmﬂ@dmwra"y
mcludmgan&l Iypeptlde or protein comprlsmg a framework region from an

|mmuno ne or fragm hereof th CIfI
which, 7 9#ie 8 Wfﬁ? &8§8L?}°%%?%hn IS a ﬁ‘ﬁ otein g}oﬁ &ﬂﬁé@g%ﬁ?’fg&%}%&rzed
|ntended'm%6893(§'FQi?ﬂFﬁéﬂiﬁﬁNéﬁ§%ﬁ?V\ﬂﬂ B?Bg@ffﬁyéﬁéﬁﬁ?ﬁ%qlﬁﬁpt’ﬁéﬁéﬁbﬁ‘(@e essential pro-
immunoghabadienki fistituy, 'FEBRLSintthilet b tR9H bordsy Qphthalorob VisoBielig: edritialleely etal. 1998
imr(;]lérll_og‘lﬂbﬁlifﬁhgl %JEG%%I b'ﬁﬁ?%%ﬁgt@@ﬁf&rd?%ﬁlqrﬁm@' d%@?déﬂ@r?@ﬂdew&a@' nAGHGSlevant
an unoglobulin, binding regio ay be derived fr |
mon-hur R LA Ao R D INEIES S e F ot ah 2005 Nature
include thiB1887p% %rﬁlﬁ@ﬁ}'méﬁ"g@mﬁf”&m@ ispensily éFfEPﬁﬁPlﬁ)Ws?éﬂ??Eb?Bﬁé “%@‘WB'I?%%“S'
the myringiudimyintahdteinnviarsnjectiogioof geperimbigal ajpmitss are classified as either kappa
gf ;am?E@eiﬁa%E%B%ﬂS&?&&%ﬁQMW@%Waﬂ%Bﬁ é’fﬂi@n&rn%ﬁdﬁﬁai\/:lbmm turn

efine munoglobulin n respe
class, theré r%nb%ﬂgé % § mo exoﬁ%"élimlgg' ass\%)eq %sss 'g,f) FBWE g‘ryéc? : %ﬂﬁg mg%ked'y

exemplzﬂwﬁ'?mm@s&m @mﬂytsw)agﬁwmaﬁﬁ% BRHiaR S, %ﬁﬁr%&%&&ﬁaﬂ?&‘ hetwork,
Each teCamdstehtaitipmss i ofdsvio itdntisbépdogeobpo Dive prickestiaiis peatitulsdy bromineohis the

| "gh? Cg%éaaewe?égawsam,geaf,hﬁ@V{f@gﬁﬁg@@&hﬁ%&k@a@amﬁemm efeodel.
chain nes av on o u more a ik
antigenuggﬁn?fg&fﬂ%[fé%ﬂ aa Ielfffﬁﬁa a|n t?on {/%Rr?aclf eavycxetl}lir% I%%?‘efé? riferted
these lidteethvereehsrelyging paddesiresipn.

Dll4 Antagonists

[0038] Dli4 antagonists include antibodies to Dli4 and fragments thereof capable of blocking the
binding of DIil4 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 peptibodies (see for example, US patent publication 2003/0229023 Oliner et al.).
[0039] DIi4 antibodies. The phrase “‘immunoglobulin or antibody” as used herein refers to a
mammalian, including human, polypeptide or protein comprising a framework region from an '

immu noglobulin gene or fragments thereof that specifically binds and recognizes an antigen, which,
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[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
cither iﬂ%ﬁ%ﬁ%ﬁ’ﬁ‘&%@ﬁg‘%ﬁ%@%@ﬂéﬁﬁﬁb}ﬁ?ﬂgﬁ?ffg pary v

{ HUH i | régions
used her@iPaiysiiRigier Ml ks ﬁ%ﬁ%%mg%ﬁé?np[o tced by the rﬁ‘,%dil?-?ﬁ‘éi%@tzwgﬂ%tended
antibodieshooidinestedyedifeam the GarrRAPLRENG TRESMIRIMTHN grﬁe%hodoo les, or . ,
generate@nidrsliaplapdinratiss, such asfphdiggnesticsi m@gbﬁaﬁsmgymmy@%@@,%\ﬁmg regions
examp'eA\A,?Géfé@weetffﬂn{é@ﬁ@H&eﬁuﬁeoaﬂ&ﬁamaﬁafam. BidtammalogsToe proTein

f ts. The DI14 ant; ist | , | ma, delta, epsilon,
LR A TR o G e
ed | '

0114 f
muItimermﬁmpﬁﬁéh@%??aéséﬁqmﬂ?ﬁjmwm%ﬁﬁ & Truncat munoglobuylin
domain, arextizasiiied asieitbeqkapzedsdambda. ﬁﬁ?%ﬁ'ﬁ)ﬁ%ﬁ‘ﬂ?&@%‘i’o@siquhf%‘pﬁgorkﬁfe‘ta’
comprisi@g@gﬁgmﬁ&qmmmgmd@idmarwgwumdcmakmdim@nthdgﬁulumeaMrigE.
componentic a6 IDTuASKIobul oM MRIANaR T YPAINE St owaiEy do5al

NO:5). Tﬁees%?g el or protein fragment may optionally comprise a signal sequence, which may
comprisea&?fy%%ﬁq‘ﬁéfﬂfé- known to a skilled artisan for directing secretion of a polypeptide or
protein frpoda)celhBeieohpiingimatunablabulin tastbosty streielWRI IR YRR 8 _

is placeds gl e PeHORBE-Hh SN ROiEBEIE abshechtialppirsteipa Huptideahedls, Sarihrair having
signal seguepce, may be,nati | j rhSick 013 Naemitiacelalah chain
domain oa f'fftig%c%?n(aggg‘(;é %f@g%?;&a?égﬁg?e&?&“gg g‘SS;OPé do@air}?%’;ﬂ;ﬂ%%gﬁ@ﬂﬁérﬂﬁlanﬁgen
growth fa‘i‘iﬁ?‘TEGFﬁflﬁ&té‘?ﬂiWF@ﬁgﬁg.O@'éﬂgr‘&rlI(/'Q,O{hee B3R Homains are recognized a -
occurringedogndishpBbiitama Seablel bohhrnain’ 290 subVerihls ARV ENaHHY/ ’Cgfﬁf%itr? gsj,ese light
324-360 {gamalvyenaind Aepetilelgomain 5), with the DSL domain at about position 173-217

and the Nstermin ' ti 5 ErHBN 6 wplileipactitized
embodinTgheé*FmS‘ﬂé*%?ﬁ%%"5%%%5"?3%‘tf'ﬁ?&i@%‘éﬁt“ﬁfﬁé”?@rzegﬁ%g 253 68080 sy
218-360,frEpmSDis REPIUGES BY dipegtien) "ﬁba.ﬂ?%spﬁeo%gﬁls?ﬁéeg tONFC (S Ql{)%n:g). el i
Methods tufldv thindtisulfide [ 00t ThénmbingrdRgipB R IBS AeaBRPLE REURRE Rt EBRTISTA (! 1= @
administegROciam fiRcioal AEE5H wdrinie bohdIThg Eifaly:tvayrive nedirerh Engeefaiirbgpnditions to

aspect, trtl,trae%g%get éﬁsglmwg%egﬁgggﬁn% ge,g;y.pgg@m@ lYdhoEk e ey Chifmtrattinait Eab’

effect or produce undesire he supject is preferalbl ' i s %A

cow, pig, MreEEEN TG Rk amanogesis ,egﬁﬁ‘féaﬁ‘hgg?a 'ﬁ‘/ ér%gmgaﬁ%gﬁeg}%. \?gglﬁjﬁ% "

human. |aritspycitageveis diradlescitibedyrberaaspidhrdig enian At as Wfé%ﬁ&%%%’e&ﬁ&ﬁ i wi

compositigpreefaanaventivndgrriits mdyeparspninesized dé memtreithertthemiesiiperdunising),

for example, ARGt AR SLURIANCFh Y 49CRLHG SRRl 8 susaoiiclnpine) maniationbody
ion

e.g., by injection, by means of a cat eter, or by means of an implapt. [ thads
the inverf@#MAy S@"S&\?é?ﬂ&@%%ﬁ!l?‘ﬁé?ﬂ?ﬁ%&q&og (i G P%ﬁ%&tggﬁﬁggggrﬂg% Fof ¥ novo

treatmentépdaeabmtinantPiometholelnsien ragrnesptac va Al IBHARF VSN BE AN Rufafoll oF
juxtascleyab dKpROMLAEHEPIEGRLAMNIHRl MdDalfdipatiah TISMIPIEIOCET #2/BAblUS
embodinighie e ieliafhal K%/Bian HaRIRARC TP bAAAhsgoris i dota Tik tagchtaptionaly
DI14 antibody, in Ination with one or more addig'(?%aér% DPQURAS QbiEraBIReR HaFBicRlsed to
procedur8¥Visstedda AR TeLR S RRPRANRRL &RE G Use In combination, either bl
alternatirrovitimeskingeeaminiachsws!esion oINS IeRpib e BN A HY SR ITTHNgdeeuin
activity ofiyaemlar sRaaihrliatigrevdinfaet be(vEsd A )tésaim Ut S0T agthaeswirs i iongty optippally
ImmunOoSyRRLASHY S AGEES R el AsidePrlGaaE Ridpprérasaaihinssonaesy dlespoiimariFHG66mponent
or anti-metabolic agents, (see Barker, N £iyPhn NN EXP PRI BEEAGR N8 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



- 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

iy it T %&R&.@@@%n&&Ee%a%wag%ﬁlw@émew fBdelpackneseginning or

SpI’OUtII’lg uring normal elopmental retlnal an enesis. [0049
echnolo B RABILRCLR R RED SIS 2t ShboF e P Ehe BL Sy ey tothe

used to reglassembienatiteod Bunteriing region with the p-galactosidase reporter gene in - ]
C57BLIGE@RANY ik sietselrmaba@nnsie DIt sobhivetiofadetaiRauaiederen (RS} deneain and

[%'(')esfg]‘ lTé‘i@w'?h@ ?&r@@gfﬁ(&&ﬁ&ﬁg@?ﬁﬁ@ BB T %als RweAllyIane EGRIisratinyare
istocheémistrv and Immungstajnin wer

Eyes weF8Q0SNERA RPN RAiRLS w%rg (% SSe % 2%3(2@ ove?‘n?yht with W‘%w 355;?322

parafornmisierepipdd, 3R4ritd MWIW@IQBQ@EQGW%H%{‘?%ﬁﬁcwgnért% ll'e%?i'ﬁ‘a}"(\?égt Qut position

Laboratoties 2B dingthue ol-Evkirah d dtasimataticat. pasitipes2iidiz2tak BRI SER JNGKEN In specific
(Melville JN¥) FHERSCHREDIACRIh SRR %ﬁﬁ,sm% AYBASHFGRDETIRE WRIY RERIBATIER 1BINQ0218-360,

Sodent SHEAL TR N N b

Student' WO-way a nce were used to assess statistical significance.
[0052] Results. Peripheral plexus was much denser in D114,11ac1 mice than in wild-type
littermataettiodhe ppadieinistnatibighlighted that the denser peripheral plexus in the retinas of

DM*llea K&POﬁﬁ{étﬁs@&ftmﬁaﬁeésth?émwedﬂ@emmamﬁteasnmmlgbﬂwmmnnbmohn
and hype] izt SEIl & SR UCAlS th%&’&%%ﬁ%&%%?éféﬁ%&% e

addition, ? ere were many more s routs att

rowing front ): fil
observe®HiifigEIE: ﬁ?téﬁ’&ﬁﬁ@ﬁ%é’&?ﬁﬁ%"b%aﬁaafﬁsﬁﬂfﬁé'g%gﬁ ?% r'éoglﬁ%ﬁg e Ehe-
Quantitatitfects)aliise sulsjectie drifetabipmparduiab evild $)ch 28 ALEOM, P&lrﬁf&"'@f B‘Fﬁﬂﬁ%zcﬁh&?gv etc.,

showed g G80dreseasg MB%HH“ bed icweituterabihRuaianving & epeciichertodenkcititrataydbe
vasculatiye (£19; 1 ARRI e Aaa AR IBILINGEEREA JPHOUVBRISN B8aNAB e area in need

mterconnecflons er un| area, re u ting In a significant increase in '[ ar COVGI’
b J g § hrr?i? Ctu ?nefusmn

Despite Ple"RMmMeY: m&m&me@wa@@m&o&%&ﬂﬁﬁfé Yonay: s lintetion, by ieee
completalyrilsutigersictopiopl rppligativicielyal inkactitax by, regaepofct ¢AEIBH A BYdREANG RGN
from the fighils, in Dlleaa mice as in wild-type mice, indicating that all components of the

develop rf&%qg%%tu;ge@gdgu T A S50 3Rk GBBTRIG Bl om0 the

inhibitio e or ant| e developing reti aI \ase ulatu OS%L

investiga®f6a A4St atlieatsrens Belerali ﬁmsgﬂ%%iaf’lﬁfj&%g@{ fhah naop uaa'rrrh Reo0gical

inhibitiorsobcenidothivhbljurtibsrisiifbr atihenen ¢lderiopbsdaraistalitty during normal

developmental retinal angiogenesis.
Combination Therapies
[0046]) In various embodiments, the method of the invention is accomplished with a Dli4
antagonist, such as a DIi4 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 simultaneousty, 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
iherapeutic agents for use in combination, either alternating or simultaneously, with the DIl4
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-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

1 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 nl) of the research compounds
were made between the equator and the corneal limbus by using a Drummond Scientific

(BroPA) nanoinjector equipped with a glass needzARPRESBrdU labeling. Proliferating cells

were labgled Y ATIRIENANODALRHIL AL PRk Bd 200 &t;wd@%weemmmmm art with a

D114 Fc as were ar

later and stalned Wlt egﬁdu %ﬂ;ﬁl AIBEYiGEhs of the
Inc., CargRiraitedia'aps andElegRuriPTEDBRARTIRER A" lego. CA) an fﬁOdleS 0058]
Results. Foesitioly, trel effeobuintendehteditibe aeme?fcyh# mfmo%?{%f&ﬁaf s Wy Iy "e“ on.
secondanygahinsisientrrdy sasmiurbaniradityith sedpbtt teensivhass Osed (@esrrramomi% qrep!

that b|nds Notch Fregn IS, VYJPP%Hk%cgygémé};ﬁr@fmrgm&gogﬁ&ﬁgtbﬁoamlbé&@founted for.

endogenous “Bil , ora neu ralizing polyclonal antibody specific for the extracellular domain of

D114, was |njected into the vitreous of wild-type mice. Three days after intraocu av uting in the

administiEsamplectthEffextiafisienrte deletiamal asiagle BUtislisle ABRIRSA NSRRIV NG

closely regsslipmhéwtiasowiscaknaraialities found in D1144118a mice, including

dramaticady Jé?fr%?ﬁm@ .élﬁ%@% m&#%m&%ﬁé'ih@feﬁé@fﬁaf/ﬂlmpeﬁﬁmmmy
ccC

morphologl ccurred rapi bein I 0059] BrdU
labeling &96"&?8@? %SHSP X g"?n %ﬁaofﬂ“%‘% pro% ?gﬁ%{)ﬁgl%ﬁfﬁ rrEI 'S[li) %i')gol@&eg US
(Fig. 2). Tﬂ@@bséﬂ!@lﬁ?’@f?ﬁi@?@&se@?ﬂ’?@'ﬁ%lﬁ@'&ﬁéﬁ%‘ﬁt@ Py dghors

increase fragalt 6)586)251yiMs tseettdodplacel thebtintiyei Piksc@iinarerion Eﬂewﬁ?ﬂ?tﬁﬁ'dﬁﬁ?

anti-D114 antiody anfelisal espbapriRo e bisingoansswanasis. ditiionialitigssiwariebred to

with OIR. [00601 An | snggatlon und 985 QERBRIFAECI3 thi
anti-0114 ﬁtfﬁg’&?fﬁn grow't(ne l\4\tlare ha svesse? #or’?n‘%ﬁgrﬁ] %]f&’vt{aagéﬁlar abnormalities and ®

retinal pegtudyon in oxygen- mduced ischemic retlnopathy (01R). 11 [0061] To determine

whether @od80Y otEixteichatiis mmmadstaininm | MpeseRyBY MesaBUmRAREY Sgth%ﬁlﬁﬁdrﬂﬁr'?ﬁal‘zyes

developryrn, teGuRA el Mﬁ&%@é@d@%&b&@waanwms%mmgapbm stained

hyperoxia at Pg;r;e;?ﬁey@f#gaﬂaob"tq%)g SRR AN CROHALBEBuRRYSNEILA), and fat-
0

return to Y\SM 5] avascu I’ Zzone mes severe %EOXIC which in turn elicits

extenswé’@bﬁtﬁﬁnWﬁé%&%ﬁl%ﬂt%”%ﬁ%%&é?ﬁé@%\}' ek Bt of vessels into
the vitrequegepirelinitifiastonsr Meksranmenteviers RRIETEd HSRG AP SRR AT A& ARes Each

central PiScpiBREFLSRIRAMAHaRlyvATeHsR I Dot Siddehpe tivekt @UBEIARAN aralysis of
OIR model. C57/816 mice QTaconlcggggtggug Mthe effect of 0114- Fe or neutralizing

oln4 antlbo&)?ro%ervé' ina neovascu arlzatlon in O OIR U&Qd fpll
dovclopd¥¥Pbisek Esera s v eSO o NI e

pups ancHigbiErdmwenvisestigdigited hahe d@g@rrpéﬁph@fm‘rﬁﬂ’f‘fﬁj‘mtbﬁéﬁﬁ'gﬁél?f (P) 7“389
P12, anddhasisieibneshiffeemhaliwbranamsaniaiapmseen itoiechighly lapitamsmilimndiyndriused, so
the centr% retlna VX%?QJJ‘%ES aégseeé% /ﬁgsﬁg&%%.@#ép}&ymﬁ%ﬁjoﬁ@&ﬁﬁ& fease thigte were

central ret aresu S in severe oxia / iIschemia which in tdrn stimulates th
vascular @?&Mg@@ﬂégﬁfﬂéat the growmg front (Fig. 1), fi f? pod}a :ﬂso were &)ser\?eg?m%?g '%@énor

portions of the plexus at a higher than normal frequency. Quantitative analyses revealed that,
compared to wild type controls, retinas of Dli4*"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 DII4*"Z mice as in wild-type mice, indicating that all
components of the developing vasculature had lumens and were functional.
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~ above. [00631 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
1 ventricle and allowed to circulate for 5 min. [00641 Results. 0114/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 Ql14-Fc or?anti-D|1114

antibodyEemrichllEbiash eiRudNasctrinbibitieawith PY4dHs gp R TR ABHRRN G o the

vitreous deigidping detilsal pemeaddbarthe formation of abnormal arteriovenous shunts. The

arzaz Ogg?}%dﬂ?% Wgﬁﬁ&l{%@%ﬂ%@dm&d&&gﬁé &ﬁﬁé&&m@a&m&m&{m?ﬁ
and by 85% in the retinas - - akiag HoUliRgleGki |
control r& |ﬁ§2?°fgﬁ%gé] ﬁ%ﬁ'@%ﬁe%x%q@%%%ﬁééﬁﬁ%1814'antib§<%i/9 vl\;/ere fgun to sltir%ula;gg norme
more exAaYS\PEEBRYEIHTRENG! ARIHPIEESEIS from capillaries and veins bordering the avascular

zone, refo054}) irntiboties apiiresgeshikfcse versesshetetiaceiniah ARIRIA GfepEsHar human

vasculatpig bad fea gan! 6¥M!§Q§i®iﬂ¢ﬂ\ﬁa@\@éﬁ§b&éﬂﬁﬁ%ﬁ¥@&l%ﬂéﬁﬁﬁw Piwified by
avasculay area ViR RsH Rl pRinsud ) Ok drranerker Rasvin
retinas tféa ee§ %ﬁygrﬁg%%ﬁﬁq’é%@?deﬁgﬁcugly no?le;%ble ¥a§;he %Xé?rlif‘é‘?w%%%l'aé% phy prior to
re-growFPERRRRAN NI RIEN R AE-SERLR YR Parial: o e BRIt fafnas T htls,
attenuatige.of 13114/Notch signaling favored the extension of new vascular sprouts along the
retinal syotesy, ans i TENBIEn R IHEoNE) eEiretisatine suatcinakiatbnf Ridtfény reatralizing
more ra@g“rgﬁ{@]&g% QEVRR SR EIHA vasemas-plexus. The new forming vessels 12 were
functional and exhibited improved retinal rﬁ‘gerf. sio|n EilS evjdgtn(;[nby( 46‘_’@ 5%?1‘%%{’” otes earch
nonperfJggﬁslre@%@%ﬁﬁ%' . ti rg‘('l&l—'ﬁf SPEETDIE 4. Bfecto D1 PE50a
anti-D1 lebamitsody waresiadebgburerifuhenrionand teremsabimbos AyAsiRg 8 ARRBANTas
undertalgyieitifielaroPng HaRcesioraiilipretvitira gresanteliEl4 antibody on retinal
YPOXIaIgEEA™ B bl TPRdiRL Al bl HeRs @%\@é@*@&%ﬁﬁ@jﬁgﬂ%@@w_ " ‘?Fﬁg?k@e%%%g 20 h
vessel growth under pertain; circ an ay.interfere with norma cir . .
reduce RSBV R NRCHRD ﬁgé‘\fh%tﬁé?%ﬁﬁ%%%ﬁ% iBiion can ﬁr(\?ar%{é tl,gs%g' 'th‘am
oxygendHish! (PakphlorbrioRHsr ITChEaRiBleNa Al aad VB RadbpgadRR Bhadyingeiuiaap Diego,
tissue hypydatasdiestermine the effect of D114-Fc treatment on retinal hypoxia/ischemia.
HVPQW&%?&}B%%&W%% INLRReHISEA M AL ARRIBEHERAER N DI ANREAG ARRAENEN not
the retinas for ev‘al‘u'aflon.éOOGQ Results, The ?romﬁh of fug%tfor\}alrsqgwo\f%:@er{?e;g‘lggxpﬂ%F o) that
intravitrESFRAARNE 20 AP EFBATE NSIRMIR ARSI RRAEN fetiticet st nypoxialisc Eo il
as eviddrods Naioh serpsoTs vithoetiGstiverye Sieprdrrehydirdiastheindipne. ptegPasrnpys Pil4. or
antibods treategizin sy cReREEHIBYU{FSgedfic B the extracellular domain of D4, 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*"®% 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 560%

increase in cell number within three to four doubling times.

Example 3. Effect of Dil4-Fc and anti-DlI4 antibody on retinal vascularization, perfusion and
vascular abnormalities in mice with OIR.

[0060] An investigation was undertaken to determine the effects of the DIl4-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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. 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% 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 IDIR experiments, 0114+na0z (87.5% ICR) mice were backcrossed to

C57131/fotBpjoducesRafithanicatheniDitddsotat sighillitgbleysracelstist eripeR@iaABopsIests as well

I\Rflouse pgga%@;{&ﬁﬁg%&@@%@f(g VYO %u'&masanlmir@mmmérraml ijé?,g?s&iimwse
etinas were harvested a tinal,vasc -MQHE S i MBwin

Reduceopg%rteoss’{gﬁr% '6I&%;{ﬁgur'g’tiﬁa?ug/%gs\gt%gﬁ%?g%gfﬂlégffﬁ%l@ %)ﬁznmice VB}ar];]ia'J‘Ir)(upﬁee\fﬁﬂgs °

hyperoxisetHerterratipk rb LR thasturisuer ERyePeTRATNE B Qﬁﬁoex)'(%osd?e of mouse

pups to hexpenskia aindTandty s culajrietioachisiacterized Bittha ssteBIC APWET VAT SRS LindNe

retina. TQdglRiniRsivaEAldtidiaiyadahitionmeay basprampiatedere e fetsshiitogentral

vessels, [ ellpgL oL PILA AR Ae05 Lo ElIbPRALILRIAA4baGadice on

hyperomg-lnauceae yasoof) iteratior was analyzed. Eyaluatin anlmalg qa{oF;]@d PSHORSPBRS-Fe or

the exterfPBFRYp | ' Y3 (%é%fﬁwéaﬁgg? '\‘/’gg"c%abﬁera ion was reduced b

40% in Ditieralzimgdaliécantiailyproretinikppevascuigizationie SlRoLiRimarP oy sRL fnflpwing the

0114 inhjRieHsd ey pLAE SRRSO qhwestseishiratmetoiss Sioin 1894361808 - Effddisiefly, mouse

0114-Fc JAL0NARL S ARUURRY QIR X 70 LiGRd Y BnmraRfigratio, [eildays (P) 7 to P12

investiga?ion was undertaken to detefmine th e&fectso af 01 L4/NoIeh AIBIiemk A 1 e Central

and anti-mﬁﬁhﬁﬂﬁﬁwwgﬁ%ﬂfﬁé?@ﬁaggwgéﬁ I0GRPVesael regression. [0075] Animal

C571616¢tifon Weennispwaes salisaeddostoen Bt oes Afvesialiling 5615‘[1?29“"3 results
antibody inrs vereaiyposiagaskrrinal wisish i litestioulates it petiioligicseetulas epapges described
research %%rygounds were performed at postnatal day 8. At postnatal day 9 pups were placed

i?atgci I;?%Q%%iefﬂi%i%%%'e‘p %!&%tweasgelwse, rgofg‘%r(\)/‘g? é?cgszt%&?algéléﬁt%%%fsqwgsculentum (LE)

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

circulate for 6 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] Dll4-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-Dll4 antibody dramatically
si:ppressed 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 neovasculgr tufts
'was reduced by 43% in the retinas treated with DIl4-Fc and by 85% in the retinas treated with anti-
DII4 antibody both comparing to hFc treated control retinas.

[0066] Moreover, Dil4-Fe and anti-DIl4 antibody were found to stimulate more extensive sprouting
of new vessels from capillaries and veins bordering the avascular zone, resuiting 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-DIl4 antibody. Particularly
notable was the extensive capillary re~-growth emanating from veins in the avascular zone of DIl4-Fc¢
treated retinas. Thus, attenuation of Dll4/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




. flat-mounts. [0076] Results. Intravitreal injection of 0114-Fc or anti-13114 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 administrati
O AR HREADR A1 SEU s PR U RPE TN B oAy 250 Fedb B o
determineaheeltRedspTas isiBifcRedempteshistinasd s o)

Example 4. Effect of DIl4-Fc and anti-DIl4 antibody on retinal hypoxial/ischemia in the OIR
model.

[0067) An investigation was undertaken to determine the effects of the Dli4-Fc and anti-Dil4
antibody on retinal hypoxiafischemia in the OIR model of pathological neovascularization.

[0068] Excessive blood vessel growth under certain circumstances may interfere with normal
blood circulation and reduce tissue oxygenation. 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-F¢ treatment

on retinal hypoxia/ischemia. HYPOXYPROBE ™-1 was injected intraperitoneally at 100 mg/kg one
hour prior to collecting the retinas for evaluation.

[0068] Results. The growth of functional new vessels following intravitreal administration of
DIll4/Notch inhibitors effectively reduced tissue hypoxia/ischemia as evident by 69% and 30%
reduction of hypoxyprobe-positive areas in Dll4-Fc or anti-Dil4 antibody treated retinas, respectively

(Fig. 6A-B).

Example 5. Genetic deletion of a single DII4 allele reduces hyperoxia-induced vaso-

obliteration. _
[0070] An investigation was undertaken to determine the effects of DIi4 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, DIl4*"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 DIl4 in the retinal vasculature of Dil4*2Z 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*"*Z 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 DI4*¥Z mjce comparing to wild-type
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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 r%c{;re_ss,ion Figg 102. ls §
Claims. litiismataahte ditiotilasuogessing shat Rlonkibiars B Aroleck RS A RREE KRt o™
for preverggggbgg;(;ﬁducing blood vessel loss or promoting productive angiogenesis, or both, in
a subject having an ischemic injury or vascular insufficiency wherein the DI14 antagonist

' e or DA i fically & -obliteration.
bimding oESETPIDS SURHA L Ee? 6 LD SULEHY g i O Sa88 obiterat

do DI14. optionall
connecte o7 dlman inw%?@@ieﬁrWBEh@ﬁﬁ@."@%é"aﬁ%%iﬁ%%&gﬁﬁti%iﬁgﬁtfjﬁéhgﬁhon wiih Dil4-
antibody eeadadyoiagmestds aolygpenaliainvareoidioe vestebeearessidg to claim 2,
wherein tyaa{ioady g 2RbBl agaaL iy aeiassh Ghimaysoeiioa bpikuan neulralizing
antibody Or anfibody Tragment. 4. Use according to clai If | RANGHREY
fragment 1014 Emﬁféxﬁﬁgiﬁxgﬁﬁ% ‘,'%erg I'—E%c%r:aorv %%0£%a%%§%¥y§§£§£§§dﬁ$%% Tint ::;arch
wherein thempande NarPesiTpsTEAt ReEAatR! et postnatal day S pups were placediinio & 75%

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

flat-mounts.
[0076] Results. Intravitreal injection of Dil4-Fc or anti-Dii4 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 Dli4-

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

performed as described above.
[0078] Dll4-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 DIH4-Fc on hyperoxia-induced blood vessel
regression. ‘

[0079] An investigation was undertaken to determine the effects of systemic treatment with Dli4-
Fc on hyperoxia-induced blood vessel regression.

[0080] 4.1 mcg of hDIl4-hFc or § mcg of human hFc control protein was injected intravitreally (ITV)
or hDil4-hFe 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 Dll4-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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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 iStdiemic injury or vascular insufficiency is selected from cerebral ischemia,
cardiac ischemia, ischemic conditions affecting the limbs and other organs or tissues,
arteriovenous mlfassaadiengeaadidierlingpMaearigdiRsufisiererurideiabn armadinghand for
occlusion, athe_roscb%og}g_m@r@ %&&Eﬂﬂ%@o@%@}@@ﬁﬁébﬁ%@ﬂ@i%- pﬁ)dﬁcﬁi@g%‘%@dgﬁ%,“or
(DI14) antagonist fqise,10 BEEMRPHAGRY deMraOIRaN \S?%é@é&%ﬁr%ﬁﬂ%ﬂ?'me%ﬂ%%%&
angiogenesis, or bolfa(ib A {ISHEH0AY LD ARy RayRn Alalddalene sy
the DIl4 antagonist cofptises, At ahthacy ¥ aNOdYoadibem Ana: sheglicalyrids Dl or
and blocks the bindi o) ﬁEDi 0 arl\‘ijo h'receptor or com _rlse‘.)s,the extraceliular domain-of
Dll4, optionally conﬂ%%?é?jcf Sigiait %°d‘%‘§“r¥?8&ﬂ&ﬁ‘. MHE'EA fﬂ%%%%hist for use
according to claim 8 wherein said DIl4 antibody or antibody fragment is polyclonal or
monoclonal. 10. The D114 antagonist for use according to claim 9, wherein the antibody or
antibody fragment igdeumasiaath ehimeric, Qr ithardillythaiman antibagy or antibatly fragneantis
11. The DII4 antagqnj r ing to claim 10, wherein the antibody or antibody
fragment is a singlggﬁéﬁgﬁiﬁﬁ%%ﬁ%%b, or an F(al31)2, 12. The DI14 antagonist for use
according to claim 8, wherein the multimerizing component is an Fc domain. 13. The DIl4
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 ocglubiemaeswidiiadetidaimtihopatan ke Thidoviv draantieastyi Slefnetdsatevatiagd,
to any one of claimgriierit, br iwhaIRIMIARISENBNIG BHRYEYdYasgaRinsufficiency 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-wHetarradngigslafSanhieisin hemnikasdiqg antibody fragment is a single chain
antibody, an Fab, or an F(ab'),.

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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8.

10.

11.

12.

13.

14.

15.

A delta-like ligand 4 (Dli4) 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 DIl4 antagonist comprises an antibody or
antibody fragment that specifically binds DH4 and blocks the binding of Dli4 to a
Notch receptor or comprises the extracellular domain of Dll4, optionally connected to
a multimerizing component.

The DIll4 antagonist for use according to claim 8 wherein said DIl4 antibody or
antibody fragment is polyclonal or monoclonal.

The DIli4 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.

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(ab'),.

The DI4 antagonist for use according to claim 8, wherein the multimerizing
component is an Fc domain.

The DIll4 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.

The DIll4 antagonist for use according to any one of claims 8 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.

Use according to any one of claims 1 to 7 or the Dli4 antagonist for use according to
any of claims 8 to 14, wherein the subject treated is a human being.
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