WO 2010/030813PCT/US2009/056557 5SMETHODS FOR INHIBITING OCULAR ANGIOGENESIS
RELATED APPLICATIONS This application claims benefit under 35 USC 119(e) to United States
provisional Wig@@%g mber 61/095,757, filed September 10, 2008; Unjted Siatas, aravisional
10application number 61/103,502, filed October 7,2008; and United States provisional application
number 61/234,519, filed August 17, 2009, the contents of each of which is incorporated herein by
reference. FIELD OF THE INVENTION 15The present invention relates generally to compositions and
methods that are useful for treatment of conditions and diseases associated with angiogenesis.
Specifically, the present invention relates to antagonists of tetraspanin 12 (TSPAN12) and Nonin.
BACKGROUND OF THE INVENTION 20It is now well established that angiogenesis is an important
contriputor to the pathogeIERisGIh 8 FareiN i snndar O TURAR dNGCEOOHNERTOrs and metastasis,
intraocular neovascular diseases such as proliferative retinopathies, e.g., diabetic retinopathy, retinal
vein occlusion (RVO), wet age-related macular. degeneration (AMD), neovascular glaucoma, immune
rejection of transplanted corneal tissue REHL&TIED td3BbECATIMNMeumatoid arthritis. Duda et al. .1.
Clin. Oncology 25( se%&%%;ék?og&(%%)& %%%ﬁr!%&‘ie’?‘b Quge Ff?@{éj&?@ﬁﬁéés%%iﬁsﬁ%{&&@7): Zhang &

Ma Prog. Ret & Eye 1 The retina receives its blood supply from retinal vessels,

which supplyatindisaiies mamber REOPEH, fivd Sapieombar VBs3S; Walted StRSPIPIRESRRE! part. Damage
to refial vesgels 300ECHEIE SeMRIRbHISeRsERUREEs eSS ingniabstic-sesineRRMY, retinopathy of

prematurity, and central and branched retinal vein occlusions (ischemic retinopathies). Retinal
ischemia fro%i%%ﬁﬁ@%@éﬁ@ﬁéﬁﬁd%MEé@Maﬁ?ﬁBﬁ?@%ﬁ?@a?i@B\? Eularization
occurs in a nihesafathetidiseasrpresesses, including AMD. In contrast, incomplete vascularization
of the retina is a hallmark in patients with certain genetic diseases, e.g. familial exudative
vitreoretinopathy (FEVR) and Norrie disease caused by mutation of the Wnt receptor Frizzled4 (Fzd4),
the co-receptor LRP5 or the secreted |gEEOINORTHESYRENBIONature Genet. 1:199-203 (1992);

Chen_et al. Nat t. 1:204-208 (1992): Robitaille et . :326- T

et a3, Hum, QERGLETEBRE (o A T e IR el e e
knocked out for tirettentesponditigniseniolisyetes aspeisted wiespiiegneniafpadietive i the field of
ocular ang‘°%‘%Q%@ﬁn@%ﬁﬁ%&%ﬂﬂé@%ﬁ&%@&ﬁ%%%@%ﬁﬁ@?ﬁ%ﬁ%ﬁ'@&m&%at can supplement

S
or enhance the efficacy of existing therapies.

BACKGROUND OF THE INVENTION
20 It is now well established that angiogenesis is an important contributor to the
pathogenesis of a variety of disorders. These include solid tumors and metastasis,
intraocular neovascular diseases such as proliferative retinopathies, e.g., diabetic
retinopathy, retinal vein occlusion (RVO), wet age-related macular degeneration (AMD),
| neovascular glaucoma, immune rejection of transplanted comeal tissue and other tissues,
25 and rheumatoid arthritis. Duda et al. .J. Clin. Oncology 25(26): 4033-42 (2007); Kesisis et
al. Curr. Pharm. Des. 13: 2795-809 (2007); Zhang & Ma Prog. Ret. & Eye Res. 26: 1-37
(2007).
The retina receives its blood supply from retinal vessels, which supply the inner part
of the retina, and choroidal vessels, which supply the outer part. Damage to retinal vessels
30 occurs in several disease processes including diabetic retinopathy, retinopathy of
prematurity, and central and branched retinal vein occlusions (ischemic retinopathies).
Retinal ischemia from this damage results in undesirable neovascularization. Choroidal
neovascularization occurs in a number of other disease processes, including AMD. In

contrast, incomplete vascularization of the retina is a hallmark in patients with certain



SUMMAR.Y The present disclosure is based, at least in part, on the discoveries that TSPAN12 is a
component of the Norrin-induced, Frizzled-4- and LRP5-mediated signal transduction pathway and is
required for the development of pathological angiogenesis. Therefore, Norrin and TSPAN12 are drug
targets forgahéhitidgeaberrag SouibinberyidyéresiscinelingipritcotiditohsardiNearivolibetsor genetic
mutations jn th%%'or%g? -§£’o%\'t&§vﬂ{%&%ﬁﬁ&%@@%ﬁ&;,/%ﬁg%dfggémhﬁmsﬁ%g'Sclosure

provides novel met or treating ocular'diseases associatéd with angiogenesis using reagents that
block Norrieaet®&Reand Nautivitherger et ohdVaspedretiréré: iOPratiddd2Re Lberottlr Spare12

antagonistan e MaNuIS N ALIEAIEATIEOL IRt pAUcIR xRN ANHASRNGRIS 1 @ sublect

having an 6éufar disease or condition associate angiogenesis, wherein the ocular disease or
condition igl®elédied:fromcehd ¢rBlipBbidsiefing dedikbmdirermesetiy dissareidas AselaBednarization
(CNV), age-related macul detggngr tg I (IA!}\_%I% 6‘3‘5’%99 cular edema (DME), pathological
myopia, vonﬁiﬁﬁppgfgél%d%?g?sreasg, ﬁ%st%p als osﬁgof e e%/]g’ cé_ntral retinal vein occlusion (CRVO),
branched central Petipaé viesimueciadiom¢BRY O, torkheboeideyasgigzehastiv theativa asdodsedlarization,
retinopathy of prematity. (RQB) SHRGRAIGHYAL hemONbAde, AndhhYPestansiRselngpathy, and
wherein th)({a0 5%%?%%%%%0%‘%??5 n a?r%%—TSPANl%tibody, a polypeptide fragngent of TSPAN12,
an antisenseigim KikrapiBINA construct, an siRNA, a small molecule, a ribozyme, or a triple helix
formation nucleic acid molecule. In one aspect, there is provided the use of a TSPAN12
antagonist in the manufacture of a medicament for treating an ocular disease or condition associated
with undesired angiogenesis in a subject,  WEYEhAReocular disease or condition is selected from

the group consisting of. diabetic refinopathy .chateidalnegvascilasizationCii¥nageyglated macular
degeneration (AMD), diabetic macular edemaégéME), pathological myopia, von HippelLindau disease,

histoplasmesrpeneneadyae Marratinstieaty Erracdidsionf (ERVVoeHiafd i abiansdnsion vein
occlusion (BRVOY. reRlneeyasruiarizatineting FRRVRSSUAALE iR ESiNONAiRYoRE prematurity

(ROP), subconjunctival hemorrhage, and-hypertensive retinopathy; and wherein the TSPAN12

antagonist NoaRand-TERAN2 asn A5k A a0 p BRI R hREAR bF sdas ARG 2250 Sh8 &r RNA or
DNA constryghigshsiB NAoahsMmalnolestiR. dibezayme 1 drRle Trepix foimatoniegcieie acid

molecule. Disclosed is a method of reducing or inhibiting an?iogenesis in a subject having an

ocular diseaRB BB FErT B CIAfISHTh HifSYE REEs SAVSHEIB AuMiTERERR §t%he subject a

TSPAN12 antagenistobasQine hmbadiresnts, dieghehanNd Znantdganissisaor aFPASRPAN12 antibody.
In some embodiments, the TSPAN12 antagonist comprises a polypeptide fragment of TSPAN12,

including affBXthécellular domain such as the second extracellular loop. In some embodiments, the

antagonist furthengapiises o, FUTUNRQIARHIN.SRUYROEBION: ¢ GialbifG Bani2hEcture

embodiments, the ocular disease or condition is selected from the group consisting of: diabetic
retinopathylfchBesitanHas fasEearRg e RIvH L8 Pe LBl TR A TR e JeNBRAABRTARID), diabetic
macular edﬁ@&as@ﬁﬂﬁ));cﬁ_aﬂnﬂé@gicaitedwplaan@ngdippsl-Li_ndau d_isease, histoplasmosis of the eye,
central retinal vein geglisige (GIRY RIENEBARRONA (EllorlpiR RSN (R cameal
neovascularization, retinal neovascularization, retinopathy of prematurlteg §R P), subconjunctival
hemorrhag@,ah%cﬁ?ﬂ%@@ﬁ%éh@fﬂ%@ﬂ&ﬁ%amm?ﬁl@gﬂ% DO RERELR &4i8d further comprises
administeriﬂ@@qsmmngBmgiﬂgﬁﬁi@mgﬁﬂhrIedsam@ﬂ_ﬁap@i;ﬁmh@gidhﬁmeqﬁmdvanﬁ{w@bgenic
agent is adyslered B0, o1, SHhSRANSAL 0 e A AN AL RIS ENIZANAGORISL. In other

embodiments, the secorid anti-angiogenic agent'is administered concurrently with t 'e TSPANI2
antagonist RSB BEH PRSI A SBR VSN icahiiyaine HFER 5i8Atagonist of Norrin or
vascular engothebal.eehgrawthifagtoh (\VEGEERdnsoniR @MbadimenisctivalNieniordntegendst or VEGF
antagonist ﬂs a@ﬁ%@él@'él?r inoar;&ilg) d%&)r an anti-VEGF antibody (e.g. ranibizumab). Disclosed is a
method of reducing or in ibiting ah logenesis in a subject having an ocular disease or condition
associated with aﬁ@ﬁ@‘éﬁ%s?%%ﬁ%?%%%&ﬁ%ﬁﬁ@téﬁﬁﬁtﬂﬁ Bt RRGYHEL. In some
embodimentsgtheNATIDFRIEg) Rishigisehantic NOtArvabibadynkracme eibotiments] the ocular
disease or condition is.selected frq St =i i ingpathy, CNV, AMD, DME,
pathologica{FPr%%up%é,av%%oﬁﬁlﬁlﬁéﬁt%mﬁf&%ﬁégggg%%&g% as@n%gifc%%%ﬁ(g%%g,'CRvo, BRVO, corneal
neovascularization, retinal neovascularization, ROP, subconjunctival hemorrhage, and hypertensive
retinopathy. In some embodiments, the method further comprises administering a second
antiangiogenic agent. In some embodiments, the second anti-angiogenic agent is administered prior to
or subsequent to the administration of the Norrin antagonist. In other embodiments, the second
anti-angiogenic agent is administered concurrently with the Norrin antagonist. In some embodiments,
the second anti-angiogenic agent is an antagonist of VEGF, e.g. an anti-VEGF antibody such as
ranibizumab. Disclosed is a method of treating an ocular disease or condition associated with
undesired angiogenesis in a subject comprising administering to the subject a TSPAN12 antagonist. In
some embodiments, the TSPAN12 antagonist is an anti-TSPAN12 antibody. In some embodiments,
the TSPAN12 antagonist comprises a polypeptide fragment of TSPAN12, including an extracellular

domain crich ac the cecond aviracelliilar loon 1n ecome eambodimente the antannnicet fiirthar comnricac



administering to the subject a Norrin antagonist. In some embodiments, the Norrin antagonist is an
anti-Norrin antibody. In some embodiments, the ocular disease or condition is selected from the group
consisting of: proliferative retinopathies including proliferative diabetic retinopathy, CNV, AMD, diabetic
and other ischemin-oetarsetebtthersdtieey DriEhpBsa ooy P MYdBian MeATHbRE mgauTarEESse,
histoplasmgsis,pf #geue 1GRYRIBRY Getoraehaeovassaiasiz ation: seinplnenvaseedarization, ROP,
subconjunctival hemorrhage, and hypertensive retinopathy. In some embodiments, the method
further conipESESTsarhiRI3tEHNE R second antiangiogenic agent. In some embodiments, the second
anti-angiogenic aggnirisagiministeratiebia-enEUbaesveptial themadipinistiaitensahine torrin
antagonist. In other embodimepts, the second pti-angioggﬁ{#; algent [ agmin?iillered concurrently with
the Norrin SRREISHTRIN IR LB SRTHOH Ao i eatsAd I h éﬁibﬁgﬁﬁ% 4087t an antagonist of
VEGF, e.gdereastiti GEvemiibhalyesuchaas! rarthizianiahiE), phiissloged! is1gopietivod Higgrelducing an
antibody using a peptide consisting essentially of aminp acids CRREPGTD SEQ ID NO: 5).
I Sorme o H LA R AR e S A AT A oD T S
embodimentsfitieatethoe rcomprises (BRaEMincpantibrapp {esqularizab dlreatyab identify an antibody or
antibody fragment that hinds the pepfide -Also disclosedhare aptibodies;ganerated by any such
method. FUrther ?é% %sta%1 I}éréur%(g?ﬁ%ﬂf ?F Hlétec%ng S’:?%PAI\SI’lsZ USSI)I‘II%Q an;l/ such antibo%ljci’es.

Disclosed appdrisisivarmstiinpathy methods of inhibiting FZD4 multimer formation comprising
administering a TSRAN] %a7a8RNSH AlsRHisciesed A vl Anghinye Meshds@idnhibiting

Norrin-mediated signaling comprising administering a TSPAN12 antagonist. In some embodiments,

the TSPANIEZBSHAGEASE AR arti ap Eoase1er B SUP Wserneastoi i s, 15835 PAN12

antagonist,gaaptisespholyReRidefiagnant afrheRaNL dnchudingoa-gxtracellular domain such as
the second extracellular lgop. In some embodiments, the antagonist further comprises an
immunoglobulin cBRSAREGeyfoReEgd ghiracers or mBRHES TS EIR HF é%?fr%‘g%?ﬁ]ect with a
congenital geularilisgrss cansedbyadgenatio mutation in any of the Norrin, TSPAN12, FZD4 or LRP5
genes comprising administering to the subject an &gengglaﬁéﬁgggFZD4 multimer formation. In
some embBUHISRISSThE UINSLIRS QHERRIRIBHIE hesaREY SR s o EBfibodiments,
the agent thabinGreaaesikZ P mNitimendesniatinmnissaalaged Noputhdbeioupncansisting of: Norrin,
anti-FZD4 antibady, anti-LRP5 antibody, and a bispecific anti-FZD4/anti-LRP5 anti In some

e mbodime RS G e LA RIS B8 RIS, TAERTHb 2rABEA s, the

genetic muiationihg thesubietupiogdueamandhermataraieisxpradiatdn]the sibjesiselected from the
group consisting of: Norrjn-C95R, FZ%);%VIIOSV and FZD4-M157V. In.some embodiments, the

presence oTAREHBERt o ANESAMTL AL FetatIRESHriA? (B PRLR ﬁﬁ’h‘%% (RS BREER SESERIPTION

OF THE DRAVWINGSsomeFméRiminshanssansesantatve Retinopathydédsehaiutiy (ROP) retinal
sections for wildtype (top) and TSPAN12 knockayt (KO) mice (bottom FIGURE 2 shows
quantitative B8 E%‘F%h%ar%ﬂfb@%f)ﬂ%t a8 ?ﬁgﬂgﬁh‘&f@g’éﬁ%@%@&qHIQBEY&%?@EW%s from
wildtype (Wdadett) aagd-sRdh 12MD) ndice ditornictihtidema MGIER batshoyicathaydphd Adil 2
enhances Norrin-mediated signgl transduction hy Fzd4/LRP5. . FIGURE 4 show, e
TSPAN12 E’ﬁﬂ%ﬂée‘ﬁ%eaﬁt%F‘T%‘?ﬁ?f-sr"r?é’iﬁé%%méi6?31?%&88%‘{%1&%“% LSRR s U &S%I%URE 5
shows thatbFSRAN 12 fag setpkEnbiance WiidaBRatiyedsighakrensdlctianok) GIIRE 6 shows that
Norrin binds to Fzd4 hut not to LRP5 or TSPAN12, EFEU E7 shogvs ljt}]at Norrin bour&d to cells
expressingeoUR BRIFHAT LSS EsTRLE § RS 8 AL RPE B PF S AR Y AR M P KB AR S e 2 ot
coimmunoprgeiptads wittiddpRAN12. FIGURE 8 shows that TSPANI2 does not associate with LRP5.
FIGURE 9 shows that TSPAN12 does not enhance Norrin binding to Fzd4. FIGURE 10 shows that
coexpression of TSPAN12 does not alter expression of Fzd4 on the plasma membrane. WO
2010/030813PCT/US2009/056557



FIGURE 11 shows the higher order structures fotuied by wildtype Norrin and C95R mutant Norrin.
FIGURE 12 shows that overexpression of TSPAN12 can compensate for the defects in monomeric
C95R Norrin. 5FIGURE 13 shows that TSPAN12 regulates FZD4 clustering during signalling.
DETAILED DESGR ik REiTidE PRE FERREDEMBODIMEN T8 Dufvitune 180Meusidefined
otherwise, tec}(w}nlcnail and 'CIFntIfIC terms &Ji%%dng?k

: . :
understoo T8 6f oF ma?ysgﬁ}ﬁ i the art 1o Wﬁlé%h t%é%r%%ﬁ?é%%ep%gg% .gé%ﬁe,% e.g. Si{r%géfgton etal.,
Dictionary pfiddiarobinlbsprand W dleculiauiBiolainn 2ridhed. SP AN @yestRonsiNeveierk, NY 1994);
Sambrook et at,.Molecular Cloni  Laboratory Ma Il I Id Spring
Harbor, N\?nljgggl)megrs ’%E%ﬁ?ﬁ%%%%h(ﬁ ﬁ%lglgigéeglegn% n%g}r%?#gr% %&g%d%%ﬁ%t}?eﬁr@é é;Iow. As
used hereifistheNé st ESRANLsH RSEANdinputybptdemid ot tiagdriN egdnt polfpeptide” refer to
a polypeptide havin aming acid sequenge pf.a. T Fi y ifle, derived from
nature, reg%ltl(r% Osrg%gf) f{ﬁ@nng €0 %)Srcteuﬁ?aal}agﬁo%ﬁé?%é%g%ggﬁ%&&ﬁ%ﬁﬁzgﬂﬂp%%%% can have the amino
acid sequeschodimattsathy OGouirimyAESRAINT X 20Tt Mtrtivnisofn anhothatpramiotibedpoany other

species. A full- Fﬁg%n huma SPANI%\-%ni acid sequence is: MAREDSVKCLRCLLYALNLLFWLMS
|SVLAVS/§WMJ§ ﬂﬁ‘%ﬁ?ﬁ%ﬁ%ﬁhl E% [ LTYFP VWVHPVMIAVCCFL |
IVGMLGY CGTVKR¢ldskd AW veG Sl b¥iEDviEL ACGY T RQE fdNRis in a subject having an

VOWSDMVT KﬁRMTNYGLP : YR\% Térhﬁ\e\é/%ﬁgQREFKCCGVVYFTDWLEMTEMDWPPDSCCV
25REFFG§‘§% ﬁ%ﬁé’&%ﬁ??ﬁk g&? KKMY SFLRGTKQLQVLRFLGI S IGVTQ ILAMI LT I TT,

LWALY Y DRBERPSTDHQMMSIHKNDNSDIHc8 QPS VR kRS :SRIFERTSIENMNS AN FIREMEEL (SEQ ID
NO: 1). A full-length mouse . TSPAN e id se 1Ce, IS :

SOMAREDSRATNALT ORI e vk v WSO Tradv i e mermbetinert e o

VVHRVMIAUCE Bis¢aie@MIotdH G TvicRned IitonwWheEB T (1 SEOVE LA G YEORIMY P
VQWSDM - \NY el IG VTQ
LAMLT 1D AR DA e BRGS0 e e e A e
FNTHFEMEEL(REQ. IBRYO, 2pr85:infntldecijtirrirnardiosi merminoudiiddsgu 888 is:
MRKHVLAASESMESH:YIMGRIRSKT PR, REAMRRRBRARR!IHYVDS | SEPLYKCS SKMVL

In some embodiments, the method further comprises administering a second anti-
angiogenic agent. In some embodiments, the second anti-angiogenic agent is administered
prior to or subsequent to the administration of the Norrin antagonist. In other embodiments,
the second anti-angiogenic agent is administered concurrently with the Norrin antagonist.

In some embodiments, the second anti-angiogenic agent is an antagonist of VEGF, e.g. an
anti-VEGF antibody such as ranibizumab.

Disclosed is a method of treating an ocular disease or condition associated with undesired
angiogenesis in a subject comprising administering to
the subject a TSPAN12 antagonist. In some embodiments, the TSPAN12 antagonist is an
anti-TSPAN12 antibody. In some embodiments, the TSPANI2 antagonist comprises a
polypeptide fragment of TSPAN12, including an extracellular domain such as the second
extracellular loop. In some embodiments, the antagonist further comprises an
immunoglobulin constant region, ¢.g. an IgG Fe. In some embodiments, the ocular disease
or condition is selected from the group consisting of® proliferative retinopathies including
proliferative diabetic retinopathy, CNV, AMD, diabetic and other ischemia-related
retinopathies, DME, pathological myopia, von Hippel-Lindau disease, histoplasmosis of the
eye, CRVO, BRVQ, corneal neovascularization, retinal neovascularization, ROP,

subconjunctival hemorrhage, and hypertensive retinopathy.
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WO 2010/030813PCT/US2009/056557 LARCEGHCS QASRSE PL VS FS TVLKQP FRS
SCHCCRPQT SKLKALRLRCSGGMRLTATYRY ILSCHCEECNS (SEQ ID NO: 3). A hill-length mouse
Norrin amino acid sequence is: SMRNHVLAAS |

SMLSLLAIMGDTIh SKTDSS U BIS RE MBRHEY YIS SHPL YK @IS KNpKring R SEGH @nti-

SQASRSEPLVSES TVLIANFRSSCHCCRP LKALRLRC B%LAE'I;X Yd(ﬂn-ggtlz}gaiECSS
(SEQ ID I\Rsfglf)gemc agents%%ﬁoﬁﬁﬂﬁiﬁ%%so’ﬁr% f)%ﬁgﬁgﬁge%%a%%e isglat'e% from nature or can be
10producegtioy teoosbirantrid/resymthetvatieans the TYRAR e nrrgefasenbecider polypeptide

means that it hadsntl)ge[n [a%rified from.an natural source op {Qg

p inant or
synthetic n(%lé]t%% S aﬁa’puriﬁ%cg n '%’iﬁ‘ﬁﬁé&*%%f&ﬁéﬁﬂde IS sé%%’?g%r%a(ﬁ%pf%g%ﬁ gt%%(frﬁ)églgypeptides or
peptides. "Bsbafshtiatyafreshdresmeans tesEitiars about &%) préfershhe tassatrm Bout 2%, more
preferably leas 11?55'%‘3‘%’%1%%%“ SrirEuen i s%%r%%gggi%la%%i Eﬂé&gﬁgﬁéﬂa LhifgphREejerably less

than aboutaB.faL‘gg contamination with other source proteins. Th tagonist" is used in the
broadest semsepsistlinoludesNanyinraieoody tratmpartialil GF fatljboibicks ginhibhisvorabeutralizes a

by 12RO ROl XA, A0 A BIONCL AL LRI AR Bl all o

fully block, inhibit, or 70neutralize the abi TSPAN12 or Norrin to transduce or initiate
Norrin-indwoegbgigasiling osula eshedppatHdgianiassy formation in the eye. Suitable antagonist
molecules spesifigallydng i AnageniskARUARKS A 3HUBRRIFRIMARIRSI@OMERlS or amino acid

sequence variants of a native TSPAN12 or Norrin polypeptide, peptides, soiuble fragments of

TSPAN12 anthismist coaeeepInsin antibefse Rvmae gpdAineantr & osua dbresrie 2endidietules,
etc. Methogs for idaniifying antadonists f2 J8BANL0R NRinpakRe plidemaysamRHse.contacting

the TSPAN12 or Norrin polypeptide with a Candidate antagonist molecule and measuring a detectable

change in ditbeiandiaopviogical Yctwitidsdishasisigrd suberasebeminrsiatpbrHephadion NVE: or
"activity” f%m%xegf@ﬂ eI g0 RS RE LS RAN 2. 0n30NariRwhic retain Broiaiogical

and/or an immunological activity, wherein "biological” activity refers to a biological function caused by

TSPAN12 eprneiicotheraanatenatsiinpl o sauara e sigauRith SIosRHRBEEH) AFmcamage:
"immunolo%@ﬂﬁ‘gﬂgﬁmggﬁlgﬁ@gabiIity to induce the production of an antibody against an
S

antigenic epitope possessed by AN12 or Non-in. Principal biological activities of TSPAN12 and

Norrin are transddetionecagipiiassi chrsemhaietysgmamgHInHateiRe fatrorg Ribessel
formation ig the gye. éé’e(}?t.z%959?@&91%5’&%&%?@Q%@%ﬁﬁ%ﬁtﬂé&é@%?c GOHRCRRINE A& NI TIN

co-receptor” refer to molecules to which =~ ' _ .
prior to or subsequent to the administration of the Norrin antagonist. In other embodiments,

the second anti-angiogenic agent is administered concurrently with the Norrin antagonist.
In some embodiments, the second anti-angiogenic agent is an antagonist of VEGF, e.g. an
anti-VEGF antibody such as ranibizumab.
Disclosed is a method of producing an antibody using a peptide consisting essentially of
amino acids CRREPGTDQMMSLEK (SEQ ID NO: 5). In
some embodiments, the method comptrises immunizing an animal with the peptide. In some
embodiments, the method comprises screening a library (e.g. a Fab library) to identify an
antibody or antibody fragment that binds the peptide. Alse disclosed are antibodies generated by
any such method. Further disclosed is a method of detecting TSPAN12 using any such antibodies.
Disclosed are in vitro and in vive methods of inhibiting FZD4 multimer formation
comprising administering a TSPAN12 antagonist. Also disclosed are in vitro and in vivo methods of
inhibiting Norrin-mediated signaling comprising administering a TSPAN12 antagonist. In some
embodiments, the TSPAN12 antagonist is an anti-TSPANI2 antibody. In some embodiments, the
TSPANI2



TSPAN12 or Norrin binds and which mediate a biological activity of TSPAN12 or Norrin. The term
"antibody" herein is used in the broadest sense and specifically covers human, non-human (e.g.
murine) and humanized monoclonal antibodies (including full length monoclonal antibodies), polyclonal
antibodiesanmgtispecifin@tiadielyfemidbispevific ahfibddies)? andiaditigodyefragraniar so long as
they exhibit the .desired biological activity, "Native antibodies” are. I
glycoprotefirﬁ):gfl Sabou Téﬁeo 0da t%xrl%ge,lé%gr%l %rog)e%é) 'oi1%v%](él%ggrﬁ%%%ﬁ%%Jf_q)ﬂc):éh%%?(gl{w%vgv%ﬁg[gntical
heavy (H) chaimsschQiaachrighigbitaihristinkedt togideawy ehad@gidicone covalent disulfide bond, while

the number of disulfide linkages varie h ' ifferent. i in isot _
P s T R ol e e

Each heavy and Ilg]ﬁ chain also has regularly spaced intra-c
has at onegeneiia waithalole idenmyaih e Naallowed by BEnumber of constant domains. Each light chain

has a varigbje,domairpat e end (% And ¢aRRiant domainsLaits AlhereRd:he.cansiast domain

of the light chain is aligned with the first constant domain of the heagﬂchain, and the light-chain
variable damvaiimier fhgnedonitintrenvapabrdtopatintes thecaredyy ENain NoaigdirrEibBid residues

are believeg {0 form, ap, inferfasa heieandhe it Ang:beavy-ghainvaviablastamaisPapain

digestion of antibodies produces twolldfentical antigen-binding fragments, 20called "Fab" fragments,
each with ackhstiié Birogde-BindripsistingafaNesiiuan FEZRAgmedwiasalimershedts dability to
crystallize raadily.;Rensineaimantvields.amb@b )3 tagmentdashbas e anigenrcembining sites

and is still capable of cross-linking antigen: "Fv" is the minimum antibody fragment that contains

a completérantigeR4Bdomsiisied senal igding e, crrie deafaks ChsIsrsos BHiRSeP R dife heavy chain
and one light chain yariakle,dpaaindip ekl HoaReYRIBRLAsREIAIOCd froftE 8Rfiagment also

contains the constant domain of the light chain and the first constant domain (CHI) of the heavy chain.

Fab' fragmesnsiglifieofioNeranGPagmeaRAYINGS YaariEh B Mew Pesitiusens: ImE Mt tB¥minus of
the heavy ghain, CHirdomainA0inaluding, ope:qr matacypirinee)diony the amjbady hinge region.

Fab'-SH is the designation herein for Fab' in which the cysteine residue(s) of the constant domains
bear a free thiol group. F(ab')2 antibody fragments originally were produced as pairs of Fab' fragments

which have hinge cysteines bgiygep heg-RiPeicrRenmicaligpupinos plangibody fragments are also
known. WO 2010/030813PCT/US2009/056557 The "light chains" of antibodies (immunoglobulins)

from any vertebrafd Gl sovhacnseigned 16 Raderaiy ebbrapatsne(RiBBEreirl $9649Ba (Ic) and
lambda OA{asag:onthsAminerasishsesiugpoes, el neRBsRAL.ApMains. Depending on the amino
acid sequence of the constant domain of their heavy chains, )
FIGURE 2 shows quantitative results of the number of neovascular nuclei observed
in ROP retinal sections from wildtype (WT; left) and TSPAN12 KO mice (Hom; right).
FIGURE 3 shows that TSPAN12 enhances Norrin-mediated signal transduction by
Fzd4/LRPS.
FIGURE 4 shows that the TSPAN12 enhancement of Norrin-mediated signal
transduction is specific to Fzd4.
FIGURE 5 shows that TSPAN12 does not enhance Wnt3a-mediated signal
fransduction.
FIGURE 6 shows that Norrin binds to Fzd4 but not to LRP3 or TSPAN12.
FIGURE 7 shows that Norrin bound to cells expressing Fzd4 but not cells
expressing Fzd5, LRP5 or TSPANI2 and that Norrin does not coimmunoprecipitate with
TSPANI2.
FIGURE 8 shows that TSPAN12 does not associate with LRPS.
FIGURE 9 shows that TSPAN12 does not enhance Norrin binding to Fzd4.
FIGURE 16 shows that coexpression of TSPAN12 does not alter expression of

Fzd4 on the plasma membrane.



5immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several of these may be further divided into
subclasses gi%t¥§e%) ef.r?., lgGl, 19G2, 1gG3, IgG4, IgAl, and IgA2. The heg\T/Xigzk};a(}lgr)ﬂconstant domains

: . 6357 :
that corresp erent classes of immunoglobulins are called a, § a, Y, and'it, respectively.

The subunit StUCtgs ARG T EAITIR ARG SRl uiahelom Al aRLpeRsRR ALITEYOgIoDUlins
are well known. "Antibody fragments” tomprise a portion of a full-length’ antibody, generally the
antigen bindingtart Y&riEBle domain thereof Examples of antibody fragments include Fab, Fab', F(ab')2,
and Fv fragments. FhgiairMapee/onabantbodysias dsesbharennigfiassiernaninadvgitained from
15a population of substantially homogeneous antibodies, i.e., the individual antibodies comprising the
population ai%%%@?‘é?@é&mssible naturally occurring mutations that may be present in minor
amouynts. MonoclonaGmtigodiesave thighiyspeciicsdieing Hirpdtes againshaisingaantigenic site.
Furthermore, in contrast to conventional (polyclonal) antibody preparations that typically include
different antibodies directed 20against different detelminants (epitopes), each monoclonal antibody is
directed against a single determinant on the antigen. The modifier "monoclonal” indicates the

character of the antf'ﬁg.g ﬁﬁﬁf [ ﬁ%@ﬁe BT sﬁﬁf qggﬁg?ﬁ pRYRtion of
antibodies, and is no to)%e con@gue as rfetafﬁ?nng pro%uctloﬁ%#%%ﬂantl ody by aﬁfjgarticular method.

For exampleP#imitiemoclonal antibodies to be used in accordance with the present invention 25may
be made by the hybridoma method first described by Kohler etal., Nature 256:495 (1975), or may be
madé by recombinfitieyndeinetherydes feehiqal an AR AE 1S e vVRR SE8hal
antibodies” aayAlso.bedseiaiey frmrhans antiladydibiarias Using e deshniuas dosssigied in
Clackson et al., Nature 352:624-628 (1991) and Marks.et al., MoL Bio :581- %1) for
example. 30 PR HbStIohE SREIOHEY HerRitipanrRiailicriolen and v areculan ifWhich a

portion of thedeawy andéostghtchaitlaskdeTticswituabhok elagoblochrr€spongding sequences in

antibodies derived fro arti rSpeci r belon to.a particular e}@,gtb&% class or subclass,
while the re Lehoron VAl n?%ug |S§£|Hl(§n |%I%O\fv§fwe%b?¢¢§rln%8§8%s taétggrrespon%)lhg%équences in
antibbdies deriveddsoitiznpthentspegitioncegtaii@reoad 808l BRGT/US20091056557 belonging to
another antibody cl ! A ihodies; -as, they exhibit
the desired biologic%?%%%%%ﬁ%ﬁ%%ﬁE?%%glaﬁﬁﬂ%?%g%@étﬁgéﬁ Ni%‘? Acad. Sci.
USA 81:6851M68m5nalypeyidetimfraitze o ioanadshasiishtnanipe. gcihiattrdrantiBdhBa e chimeric
antibodies Sthaysenah Hipimalegasenes darved-draripansimahinaraaoiebulin. Sperthe most
part, humanized antibodies are human immunoglobulins (recipien dy) in which h 1g:lt;,%r][\]/z;'i:]riable
- an

antib
region residuBR:SfHE ;@émmdaﬁé%&}Fg@é&%ﬂ%@?ﬁ%@%@%ﬁ%@?&ﬁ%@wg B
spegigs (dongraatirorynstbinas Meusecrat, diabbii@rsperichuman pemaiehavingShadesired
specificity, affinity, anél capacity. In some instances, framework 10region (FR) residues of the human
. C Ciz 15, .
mmunoglobﬂﬁﬁ'{?ré i 5&9@88 g;/ torresponding non-
MAREDSVKCLRCLLYALNLLFWLMSISVLAVSAWMRDYLNNVLTLTAETRVEEAVILIYFP
VVHEPYMIAVCCFLIIVGMLGYCGTVKRNLLLLAWYFGSLLVIFCVELACGVRTYEQELMVE
VOWSDMVTLKARMINY GLPRYRWL THAWNFFQREFKCCGVVYFTDWLEMTEMDWRPEDSCCV
25 REFPGCSKQAHQEDLSDLYQEGCGKKMYSFLRGTKOLOVLRFLGISIGVIQILAMILTITL
LWALYYDRREPGTDOMMSLKNDNSQHLSCPSVELLKPSLSRIFEHT SMANSFNTHFEMEEL
(SEQ ID NO: ).

A full-length mouse TSPAN12 amino acid sequence is:

30 MAREDSVECLRCLLYALNLLFWLMS ISVLAVSAWMRDY LNNVLTLTAETRVEEAVILTYFR
VVHPVMIAVCCFLIIVGMLGYCGTVRKRNLLLLAWYFGTLLVIFCVELACGVWTYEQEVMY D
VOWSDMVTLEARMTHNYGLPRYRWLTHAWNY FOREGCGKEMY SFLRGTKOLOVIRFLGISIG
VIQILAMILTITLLWALYYDRREPGTDOMLSLKNDTSQHLSCHSVELLEKPSLSRIFERTSM

ANSENTHFEMEEL (SEQ ID NO: 2).
35

A full-length human Norrin amino acid sequence is:

MRKHVLAASFSMLSLLVIMGDTDSKTDSSFIMDSDPRRCMREHYVDSISHPLYKCS SKMVL

e



human residues. Furthermore, humanized antibodies may comprise residues that are not found in the
recipient antibody or in the donor antibody. These modifications are made to further refine antibody
performance. In general, the humanized antibody will comprise substantial f one, and
typically twom ]lgfgs?ﬁ;%ains, in which all or 15substantially all of the h%%@éﬁggﬁe%?gg{tons

correspond to,those. of & Aon-human immunaglobulin-and:allor skbsiantialy alkafihe FiRg are those of

a human 'mTHQQQ@EH@ﬁSS%%GQ%W humanized antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For
further details, see Jones etal. Nature 321:522-525 (1986); 20Reichmann et al. Nature 332:323-329
(1988); and PréstdasihrmpsShoein BeinessobsgnEa99?). As used herein, "treatment"” is an

apprgach forehtaining benefisial. or desired clinical resulisk For purmosesofthisinyertionLbeneficial or
desired clinicalgesidlts inciude; b arenot dimitesktor: etieviation Of syrTmossG D iImshiRenLof extent
of disease, stahilized 25(sEQNet worsgning) state of disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and remission (whether partial or total), whether

detectable or undetecégbl "Treatment” is an igggrve tion e{)fgrrsn a(wjt it trrgleljingerrétigp é)fnp %venting
the development o4 rﬁ%vt%ﬁgafﬁo YO TR AR otaing Hrement may refer to
therapeutic treadmredborrepbidaatmdopsenvdntativeameasures. Those in need of 30treatment include

those already with the disqrder as well as those in.which the i,@(grkgl‘a rbi ‘Bot& fpéfﬁ%ﬂ{%ﬁ- Specifically,
the treatment may dql?gfc%ﬁ%/aprlg\/rgf:eaegfoev% c?c}\jffl)oﬁ’%e 8%%%?63%% ¢ ecrlea_s%e t Ce Ba?hology.of cellular
degeneratiomdraamatye, siel betheepatbblogpohhinor celisnithesnastivdagwénerdicthay render the

cells more suggeptipie,lg tmenthyoieiineraReulic 8 or peptides. “Substantiall
2010/030813u§CTRU 23(%59%%56557 > "Chrgct)]rf?ic" admin?s%%?%ﬁ refers %)o%dministration of the

agent(s) in afesnthrpussnviessmeEheset toarasbielFd Sesdus LGTamtnetReiitiaitherapeutic
effegs (activitp,fprRneerdadnsioraltimelcdnteiniient b Sdminist aiisn dsii eataentdbatis not

consecutively done Without,interrupn&;, but rather is cyclic in nature. 5An "intraocular neovascular

disease” is aldi<e SARERATAR M UL B NS REYEEScularization. Examples of intraocular neovascular
diseases include, bukatemotlimiedsto ipretiddradiceretizopathies ndhudingsprofifechtivécdiabetic

ctnopa LSRR SRSt () o et e Segalan AR daverc

example, an antagonist of TSPAN12 or Norrin would partially or fully block, inhibit, or

20 neutralize the ability of TSPAN12 or Norrin to transduce or initiate Norrin-induced
signaling or to enable pathologic vessel formation in the eye. Suitable antagonist molecules
specifically include antagonist antibodies or antibody fragments, fragments or amino acid
sequence variants of a native TSPAN12 or Norrin polypeptide, peptides, soluble fragments
of TSPANI12 or Notrin co-receptor(s), antisense RNAs, ribozymes, RNA1, small organic

25 molecules, etc. Methods for identifying antagonists of a TSPAN12 or Norrin polypeptide
may comprise contacting the TSPAN12 or Norrin polypeptide with a candidate antagonist
molecule and measuring a detectable change in one or more biological activities normally
associated with the polypeptide. '

“Active” or “activity” for the purposcs herein refers to form(s) of TSPANI12 or

30 Norrin which retain a biological and/or an immunological activity, wherein “biological”
activity refers to a biological function caused by TSPAN12 or Norrin other than the ability
to induce the production of an antibody and an “immunological” activity refers to the ability
to induce the production of an antibody against an antigenic epitope possessed by TSPANI2
or Norrin. Principal biological activities of TSPAN12 and Norrin are transduction or

35 initiation of Norrin-induced signaling and inducing pathologic vessel formation in the eye.

.



10Hippel-Lindau disease, histoplasmosis of the eye, central retinal vein occlusion (CRVO), branched
central retinal vein occlusion (BRVO), corneal neovascularization, retinal neovascularization,
retinopathy of prematurity (ROP), subconjunctival hemorrhage, and hypertensive retinopathy.
Preferably, aff fPAYEHEE? neovascular disease excludes conditions that réSUititat Jahetic mutations

in any of the Norrin, TSRAN1Z, Frizzled:4 an 15LRPS genes..For example, an jntraggular neovascular
disease of the invenﬂ%?’]%%g e?gﬁW?ngugésmcgn C g?rriergfglé%srg&emﬁc%o'@t ology" of a
disease inclitiE%AAI e Momenthasobripebmist dtee wellbgivg stiviey paieMA NG nNoation "in

combination with" ofe, gl RoIe fyiihen eiRSNtE AYRUIR RS des siTyltanRas (seaguren) and

consecutive administration in any order. "Carriers” as used herein include pharmaceutically

acceptable dameps terdipretitds Gr Stabue ens WhnHiard monrsatbaitbediroitplidingeibeing exposed
therefo at theg %&%@Mﬁ%ﬁﬁﬁ@&ﬁ%}?ﬁ&f&%ﬂ@%ﬁb%@)ﬁhﬁtﬁﬁafc&mw@&lm@%qegmabIe carrier is an
es 0

aqueous pH buffered solution. Example ysiologically acceptable _carriers include buffers such
25as phospr@?@?@%ﬁ‘@?'&%e&h@}%ﬂ%ﬁéya%ﬁ%?%i83(}83%?5?" heahip A Qo stRicRd R olecular

weight (less t@angbout 10 residues) pol)peptide; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic.polymers such as polyyinylpyrrolidone, amino acid s glycine,
glutamine, asparagiﬁ\(?él,tl Fgﬁﬂ’i%%‘g?ﬁyéfﬁéﬁsﬁ%ﬁz‘ ¢ ﬁgﬁﬁeggccﬁg'acggﬁ%ﬁﬁ'@é’%&ﬁ%ﬁgﬂggrbohydrates
including gludsiseysmannese] of dextdnsicehbidtinh)30agents suchlasiED Tfevsubachkioohols such as
manpnjtol or serhitol:. salt-formin nteri um; j Q&c‘ﬁgﬁ%@gﬁ%ﬁ%h as
TWE NTm,SBO%%gﬁkﬁgnaemgﬁ/(i:%% ?CSOIE)G ?légr}{?gﬁﬁg%%ﬁﬁggs%?ﬁmé\g%ﬁg?mbIeCl_JIe" Is defined herein
to have a motédisdfidecight s oariabaue 500 Oxtenshavoef 0Iitioe0 813R® RIS I080IBs557

Methods for gariyifag QUhingAVERHPR & iop; anghidantificatiom of atag ARigssOfFae AN12 or

Norrin activit@creenln assays for antagonist drug candidates are designed to identify compounds

5that bind ortESHMAEX Mg FoPaRId 8 GIRYERPBSHIEp delloBr bhrarmisebrirt s With their activity
and/or interaggignivithrather-aeluias pioteinsable domal melecedas mayravethewahiiiida act as

TSPAN12 or Norrin antagonists and.thus to be therapeutically. useful, Such_small molecules may
include natuHﬁl?tggc?mir%es?ﬂ%ﬁf%to‘igmﬁggﬁ f@lbar‘é‘éﬁﬁ:}%?? 6’?&5&%&%5%%%’[5?%@%’%%‘eptides.

However, smaltikQreolectilgs, imthtligsecitdiveniibicakemadt iniigdetbwith skefosnmbhlEdtensive libraries
of of the heavy chain. Particular amino acid residues are believed to form an interface
between the light- and heavy-chain variable domains.

Papain digestion of antibodies produces two identical antigen-binding fragments,

20 called “Fab” fragments, each with a single antigen-binding site, and a residual “Fc¢”
fragment, whose name reflects its ability to crystallize readily. Pepsin treatment yields an
F(ab’), fragment that hag two antigen-combining sites and 1s still capable of cross-linking
antigen.

“Fyv” 1s the minimum antibody fragment that contains a complete antigen recognition

25 and binding site. This region consists of a dimer of one heavy chain and one hght chain
variable domain in tight, non-covalent association.

The Fab fragment also contains the constant domain of the light chain and the first
constant domain (CH1) of the heavy chain. Fab’ fragments differ from Fab fragments by
the addition of a few residues at the carboxyl terminus of the heavy chain CHI domain

30 including one or more cysteine(s) from the antibody hinge region. Fab’-SH is the
designation herein for Fab’ in which the cysteine residue(s) of the constant domains bear a .
free thiol group. F(ab’), antibody fragments originally were produced as pairs of Fab’
fragments which have hinge cysteines between them. Other chemical couplings of antibody

fragments are also known.
8-



small molecules are commercially available and a wide variety of assays are taught herein or are well
known in the art to screen these molecules for the desired activity. In some embodiments, small

molecule TSPAN[}l% or Norrirt antagonists are identified by their ability to ing%ggsgnﬂ%jgg more of the
biological act MBS UPTEPANL2 or 15Norrin. Thus a candidate compoun(fls Contaded With TSPAN12

of Non-in and & Piolagieal adivibobF afbhiA ALt NIEN AR saed dR.onf.capdiment the

ability of TSPAN12 or Nofrrin to transduce or initiate Non-in-mediated sgnlsaliﬁ fﬁo??sessed. A
m ARBHAR is inhibited.

compound iRietied oan drivey slsmixierectiesiolalRak ety an
20Compoungs, idenfificclias LaRANK2RI-NorR-RALRAeRMISts may be used in the methods of the

present invention. For example, TSPAN12 or Non-in antagonists may be used to treat intraocular

neovascular diseadecPending anihy HniReRA M BrRAMR AR HHImENP Ihy T Rrsie R 8 fetinopathy
of prgmaturifyanchdassininducad chavigidal toepfasatagizationhiRe in-Htaersoy ersmaninvest
250phthalmol. & Vis, Sci. 48(10): 4802- 007), Yy et gl. Invest. Qphthalmol. is. Sci, 49(6):
2255605 (XGBERPBUHSAR o G S AT i B TSPARIT S B R $1E avelopment
and pathogenesisiofiiniadsolapaeovasdplar, disendeGant ol iésh therefficaly theaodigdatetherapeutic
agents, incluging anubodiss ancaerapiaoanamat IS LIPANEGADRIO RovpRAYdes, such as
small-molectife *anrtlagonlsfls. e 1 Vivo 30natlre of Such models makes them particularly predictive of
responses irchamanpatisspscivibodyBinding Sudiess and thire-dbhryseirah oot teind to and
inhibij the effaet.of T ORAL AL NYEBRBN/AL SIQnalipgreporter cells is tested. Exemplary methods

are provided in Exa}[nple 2, but other rpethods will be readily akfdparent to one of ordinary skill in the art.
Exemplary -12- W atibododimmpis T agspiemossisyod afibdregihanithebograesdy Hidnoclonal,
humanized, higpeaifit.dandheigipaescate AaBodiRsMPRISERABION RisvRiak iscderariped herein.

Antibody binding studies may be carried out in any known assay method, such as competitive binding
assays, diredt@nd fARitedreandiieRd¥says, and immunoprecipitation 5assays. Zola, Monoclonal

Antibodies: A Manueiofetre Chivtpeonil BT TS asined 1887 r@brd 4vaika8tibodybmpetitivenbinding

assays rely on the ability of a label tandard to compete with the test sample analyte for binding with
e 2O TR T s DU CRGl e i Tl oL S RS, 0 orional

to the amountofsisindand phptlbecorresdentical except for possible naturally occurring mutations
that may be present in minor amounts. Monoclonal antibodies are highly specific, being
directed against a singlc antigenic site. Furthermore, in contrast to conventional
(polyclional) antibody preparations that typically include different antibodies directed

20 against different determinants (epitopes), each monoclonal antibody is directed against a
single determinant on the antigen. The modifier “monoclonal” indicates the character of the
antibody as being obtained from a substantially homogeneous population of antibodies, and
is not to be construed as requiring production of the antibody by any particular method. For
example, the monocional antibodies to be used in accordance with the present invention

25 may be made by the hybridoma method first described by Kohler ef al., Nafure 256:495
(1975), or may be made by recombinant DNA methods (see, e.g., U.S. Patent No.
4,816,567). The “monoclonal antibodies” may also be isolated from phage antibody
libraries using the techniques described in Clackson ef al., Nature 352:624-628 (1991) and
Marks et al., J. Mol. Biol. 222:581-597 (1991), for example.

30 The monoclonal antibodies herein specifically include “chimeric” antibodies in
which a portion of the heavy and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with or

homologous to corresponding sequences in antibodies derived from another species or
9.



10bound to the antibodies. To facilitate determining the amount of standard that becomes bound, the
antibodies preferably are insolubilized before or after the competition, so that the standard and analyte
that are bound to the antibodies may conveniently be separated from the standard and analyte that
remain unbolrft* 84N assays involve the use of two antibodies, eacﬁcﬂg%f@%‘;fﬁsﬁ%ding to a

15different i nogenic portion..ar apitepe, of rotein 1q bed d, Jn a,sandwich assay, the
test sample EFIEJP E%%In ou r?ggéofrg%?ste aég‘g’ggg)?&t %ﬁg %F%m%%ﬂ?zfé%ﬁo%rg Itfss%‘{isc]l%s%ggg)r?%ﬁgs %hereafter a

second antibogg &y wxbieitdhanasrah bstogmihgeaniin blobRetbrelqpdrt tohfplesnddderrisar, U.S.
Pat. No. 4,376,110x T heyspcond,agtibpdy m%%%&?%@@%d with a detectable moiety (direct
; s SR

sandwich assays) or may be measured using an anti- 20immunoglobulin antibody that is labeled with a
detectable moiety (iftHreRtEEhdRieR a%%awﬁwéf@mmwe@@w%@%%@rﬁmﬁ%@a}b&% EL1SA

assay, in whigh: casailsHatiRtiRlleeeinisdaroayIRTAl immeglsiaahemishynifie tissue
sample may be fresh or frozen or may be embedded in paraffin and fixed with a preservative such as

formalin, for B¥&HPIR &R CANIGO SRS B SRUPHT R Bt BT RIFRLIRIB04R NaY fdothelial, and
angiogenic dispegensavieltgevithdutdiofitasianiseiioodies) sealydrgameditddnarpanisitieiecules,
peptides, ph%%pnglg%ggﬂldes antlsenzg(5 SiIRN agd I‘Ib&l yme molecyle%,bgglgl[(%-hqu anlolecuIes, etc.,

z
that inhibit the expressn%’lrlir1 5%3?3915% v@%P ]t]ﬁlecia%% ger%em F?Posgurcat.’ More spe%rl]flcuexélmples of

potential aqtagmédﬁmlgxd@ glcs_im_qupﬁ@éxhaﬁui@dﬁnd @@i@@AMQ}@e Nxstaim.ea,rfmm\pmlticular,
antipgdies ingludipa-yyibautdmitalion.aabe andmancsionl apthodies and aHhndy gaoments
single-chain antibodies, anti-idiotypic antibodies, ahd chimeric or humanized versioris of such

antibodies ohfaghishidicss rethamrtimbimantise diid adigsantip cerufrHgrtsitecsHBrESMAN12, certain

extracellular gomeinta) FaYaRARBIYS 23 ANRIINSIS{B68EL - ThddORE Ak ¥k 8Q(R)iH487-96
(2006); Hemler -13- WO 2010/030813PCT/US2009/056557 Nature Rev. Drug Discovery 7: 747-58

(2008)). AltefHEheTFe SR RERTAGRMEE nTBpHsa s BMais e pRORSN Vot 3EpHsfe, a mutated
fowl of TSPAdNEsZati Ngrinthatdaiesasiswlithtaieaaptons iy idsmpaits inawaiteciil thereby

co titively inhibiting th ion of TSPAN12 ar Non-in. Anqther potential TSPAN12 or Non-in
otonist PRt el A B ES AT A e s Ao Bg e D LA SE B0y, where. o,

an antisenseiiRiNgnogl BNAnmoiedde adtsaaiblhckidifelbtly Rsextrainsiatdn miraRNA by hybridizing to
e D, e S SRS S o
based on biriiifépoPagsopnusied el o ONRGIRION (For evialiycehahe human
immunoglobulin. For further details, see Jones ef al, Nature 321:522-525 (1986};
20 Retchmann et al. Nature 332:323~329 (1988); and Presta Curr. Op. Struct. Biol. 2:593-596
(1992).
As used herein, “treatment” is an approach for obtaining beneficial or desired
clinical results. For purposes of this invention, beneficial or desired chinical results mclude,
but are not limited to, alleviation of symptoms, diminishment of extent of disease, stabilized
25 (i.c., not worsening) state of disease, delay or slowing of discase progression, amelioration
or palliétion of the disease state, and remission (whether partial or total), whether detectable
or undetectable. “Treatment” is an intervention performed with the intention of preventing
the development or altering the pathology of a disorder. Accordingly, “treatment” may
refer to therapeutic treatment or prophytactic or preventative measures. Those in need of
30 treatment include those already with the disorder as well as those in which the disorder is to
be prevented. Specifically, the treatment may directly prevent, slow down or otherwise
decrease the pathology of cellular degeneration or damage, such as the pathology of tumor
cells in cancer treatment, or may render the cells more susceptible to treatment by other

therapeutic agents.
-10-



coding portion of the polynucleotide sequence, which encodes the mature TSPAN12 and Non-in
polypeptides herein, is used to design an antisense RNA oligonucleotide of from about 10 to 40 base
pairs in length. A DNA oligonucleotide is designed to be complementary tg a region of tshe gene
involved in tr‘gﬁs"éﬂyﬂgﬁ riple helix - see, Lee et 15al., Nucl. Acids Res. 6:30 3%3;3600ney et al.,
Sclence 241450 (L Raa e ANt RlagR JR0RS PO obh SRRV REEVERHG RN cription and

the production of TS 2 or Non-in. A sequence "complementary"” to a portion of an RNA, as
referred to hevedn asmamesed tsetusierhedingp Asfiiciesineomipranita diepnevbe elbtet @ %ibEdize with

the RNA, forping a,stablg fupiesripdle agaeafdarbigssiiandachantisanssnarieicaeids, a single 20

strand of the duplex DNA may thus be tested, or triplex helix formation may be assayed. The ability to

hybridize wilFPRSSEHEVER BORS THE OGP HPHE BH eI YR e Eifgth of the antisense nucleic

~ acid.sGenerally, theslpngefthalyixidizing Aueleisadith hemorkhasemismatehrs with an RNA it may
contain and still form a stable duplex, (or tri : On(f akilbed in the art can

_ [#.n lex, glzsagthe case may be). :
ascertain a tBRPASTE ARGTER oSSR HYASEISE SPLYARTM L BrERE ENYs GEERTRE the melting
point of the hifhtigizedpesinfigte:c FhenapiibénsadRiNAphigoifcateatitlebhtibridinepatbthenondMA in vivo
and blocks translation of the @NA malecule into TSPAN12 (anti - Qk Neurachent 56:560
(1991); Oligélt'?gB%(Sfﬁll%c 5%% idesas knat%érﬁsae]w#\m%ﬁiﬁg%g ghgl ﬁlxgressi)égﬁ?é%% aﬁ?éésﬁs%:ggoca Raton,
FL, 1988). 30sThenaatisktstraiiguativteotvbstsandsel @Rgcor RNAE netholesic#hivioms gpilerivatives

or mgdified Vﬁf@gyﬁmﬁ{?&%@éﬁk@%ﬁ@mﬁ%@ie5@'@@@&,Sééﬁeﬂe@ﬁ{mgm%k%@t@@m,be modified

at the base mo sugar moiety, or phosphate backBone, for example, to improve stability of the
molecule, hybittihsteanisat refinel oo PerdisIEBRY Y Ineduers lotpRrapPoiddany istipd such as peptides
(e.9., for targgling:hosksalrecepiaratls WehROLE/0ROM ARGDHHSA02/ASE55F st viv), or agents

facilitating transport across the cell membrane (see, e.g., Letsinger, et at, Proc. Natl. Acad. Set U.S.A.
86:6553-65567PFESBIESRARRI N TR AR TNERGUSEN QA B82S FIHET). PCT Publication
No. W088/09348itjublisiiedsefembendt, hoa8her ihenblobtidirainibarden(ses, Bigzdc&oPublication

No. W089/1Q0134, published 5April 25, 1988 bridization-triggered.cleavage .agent e, e.g., Krol
et a@?BioTe&#ﬁ% L%E%TQ 3-5 58%’))“15? |n(ktlgr‘ygal}8?i¥|ag%§gaer$?ss% (aggg,%}a .fni%%}(ﬁr%{en%%(%ﬁgs. 5:539-
549 (1.983)).&@1%&@&1{%@@@%@&&@ may be conjugated.t(.) ar!other molecule, e.g., a peptide,
hybridization triggerggl crass g aeRtl. LansRaK A Bk-BrdiaatofRARtEd ElaRyage agent, etc.

10The antisense oligonucleotide may comprise at least one modified base moiety which is selected
from the grobgiftciddhsgdisntot limited to 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil,

hypoxanthine, xanthing, 4:3e8 b e¥isin®imriGArRmadsndm el yrakih cutic agents

5-carboxymethylaminomethy1-2-thiouridine, 5- carboxymethylaminomethyluracil, dihydrouracil,
beta-galaciifs SHRN B ATYS TN RIBT Bighh SRE IR AR AR ATRREET 1 -methylinosine,
2,2-dimethylguanineCingthylagrieai ety mnne udcnsthdeytasnebemeikyisisasioe,
N6-adenine, 7- methylguanine, 5-methylaminomethyluracil, 5:methoxyaminomethy1-2-thiouracil,
beta-Dman nB%rﬂfﬁé SRS RORERY et\?égiﬁ??e%y ﬁ%nclﬁ! ?%%8?%&5%%{“ 5 r%r?g&y?ﬁ%ﬂ%-
isopentenylagehinectrasionstxypiostid. abiiefhantutelogsiaidy pseptblr aettigueesinpieBus
20thiocytosine, 5-methyl-2-thiouracil, 2rthiouracil gl-gh'gﬁjr% P g@-mgtmﬂﬂ%% Hf@eo%ﬁ?f axyagetic acid
. ' L4] ¢ & 3 L .

methylester, ﬁr{a%i‘lr{}g-rg%ca%gé ic agxcf1 ?\%eg%gﬁ?’éi‘ 9ﬁ11#ou?7ac%| ) -%B-amanB-N-Z-car oxeypropyl) uracit,
(acpBw, anda2 jSrelipiminopiuptaesnd other organic acids; antioxidants including ascorbic acid; low

molecular weight (less than about 10 residues) polypeptide; proteins, such as serum

albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;

amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides,

disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating

30 agents such as EDTA,; sugar alcohols such as mannitol or sorbitol; salt-forming counterions
such as sodium; and/or nonionic surfactants such as TWEEN™, polyethylene glycol (PEG),

and PLURONICS™.

A “small molecule” is defined herein to have a molecular weight below about 500

Daltons.
_] 1_



The antisense oligonucleotide may also comprise at least one modified sugar moiety selected from the
group including but not limited to arabinose, 2-fluoroarabinose, xylulose, 25and hexose. In yet
another embodiment, the antisense oligonucleotide comprises at least one maodified ho_sghate
backbone se%@t&'%ﬁ?’tﬁe group consisting of a phosphorothioate, a phSSHH%HW 8at , a
phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a methylphosphonate, an alkyl
phosphotriester, and a formacetal or analog thereof. 30In yet another embodiment, the antisense
oligonucleotidEetbads Snoracriing gurthelsogasionn anomeric oligonucleotide forms specific |
double-stranded P itio £ AMPIBERNEROR YW AIERATHER DU WapahiBligvdge strands run
parallel to each other (Gautier, et at, Nucl. Acids Res. 15:6625-6641 (1987)). The oligontcleotide is a
2'-0- WO 2010103BI3PEPAES2 fooreiaeas v fugsArdidatse estiss girdue 1demify KRieponeits Res.
15:61%31-6 1484198 )0 06 ARSIMSHCTRAONDPINA ROAIAGIR/ AR Irth EFRS thelteAlwidR 7-330
(1987)). In some embodiments, the antagonists are inhibitory duplex RNAs, e.g. SiRNA, shRNA,
etc. 50Iigonﬁ’&?éro%’é’é%?’fﬂ@m@@m%‘ﬁmfﬁﬁéh%ﬁ?ﬁ%&i&@ﬁ’%tandard methods known in the art,
e.g., by use of an agtmtiatei-:QNAByNthesitersliehtasare Tommertialyavailabledusm Biosearch,
Applied Biosystem c.). As examples, phosphorgthioate ,oligonucicotides may be synthesized by the
eod of SRS B (KT AL IR 5 O Lo e RGBS Blbrdes can be
prepared by sseliohobmtrisled b poremglass polyrEnsuppoptsuiSazing piptideRrddonattrAoadl. Sci.
U-Sfy 85:74dR24ad (RO Q5 inv oo QORNYEIERNIBS esrbRd abAve camalsp i delivered to

cells such that the antisense RNA or y be expressed in vivo to inhibit production of TSPAN12

or Norrin. Wierhmidesdes psomngeil bigtdablessonvideonaety 9 avsysesaiapght herein
15translationsinifiatien giews @ thRehverlabouest drand iled @ Pasitiens.afthrigraet gene nucleotide

sequence, are preferred. Potential ant%%onists further include_small molecules that bind to

TSPAN12 or NorrinmARRaS SR RIE SRR b ve ceR s e ORh AIPTHB A RRLISTE 8, but are not
limited to, smadnpigitidesioinamigadikeimoleeulemdpeaittabbiselitinpeatidest apd 20syathetic
non-peptidyl grganic or inorganic compounds. Additional ntigl anfaganists are rjbazymes,
Which are enSSBcl A HOTU e BB A S ) e e I R R bosymes
act by sequenzesspetifistyliiRlizaiomtatitieremnpleniehianctardetiRid, thelldwiés &y endonucleolytic

cleavage. S;éeﬁji lﬁo Y, 11161' vag Sit vy'glgi ofen ial R a %g tKied 25by known
techniques. For urtherg dgt}%%ﬁ s%e, e%fl,c %rsélll, @Sﬁ@nt%ig%%y%@j%%féﬁ z% ﬁéggaﬂd PCT publication
No. WO 97/33551ond b strad Bdmembatapgnisogiyre the biological activity of TSPAN12 or Norrin
is inhibited.
20 Compounds identified as TSPAN12 or Norrin antagonists may be used in the

methods of the present invention. For example, TSPAN12 or Norrin antagonists may be
used to treat intraocular neovascular disease.
A variety of well-known animal models (including, e.g., models of retinopathy of
prematurity and laser-induced choroidal neovascularization; Ruiz-Edera & Verkman Invest.
25 Ophz‘hdlmbl. & Vis. Sci. 48(10): 4802-10 (2007), Yu et al. Invest. Ophthalmol. & Vis. Sci.
49(6): 2599-605 (2007})) can be used to further understand the role of TSPANI2 or Norrin
in the development and pathogenesis of intraocular neovascular disease, and to test the
efficacy of candidate therapeutic agents, including antibodies and other antagonists of
native TSPAN12 or Norrin polypeptides, such as small-molecule antagonists. The in vivo
30 nature of such models makes them particularly predictive of responses in human patients.
Antibody Binding Studies '
The ability of antibodies to bind to and inhibit the effect of TSPAN12 or Norrin on

Wnt signaling reporter cells is tested. Exemplary methods are provided m Example 2, but
other methods will be readily apparent to one of ordinary skill in the art. Exemplary

-12-



While ribozymes that cleave rnRNA at site specific recognition sequences can be used to destroy
target gene mMRNAs, the use of hammerhead ribozymes is preferred. Hammerhead ribozymes cleave
MRNAs at locations dictated by flanking regions which 30form complemeg&ar% ase pairs with the

target mRNAY ?ﬁglg@?gsr]é‘quirement is that the target mMRNA have the following é%%eﬁ%‘é’ of two

bases: 5-UG-3:, The. i i0) \ar g S i nown in the art
and is descrfgiz1 {}nlogrﬁ’(gi %’I%g elyrﬁ Wé@m@%‘%ﬁéﬁ%g’%ﬁ%&g ’&%?gg%\i?l%%gﬁgﬁ%é%}gr%%%%%nsive Desk
Reference, \*OH®ifstishrepsciveaiion ofintion 5) deserdbed hettlly Figure 4, page 833) and in Haseloff and
-16- WO 2010/03081 3] HRZQ0(ARR R4, Gerachd NAlan3 3earaedl AR, wbich is

incorporated herein by reférence in its entirety,  Preferably the ribozyme is engineered so that the
cleavage recSFHEBH SiRITEMEcNENN 57 HHE S RHEP SrHE ARG S R PRI U T SR e se
efficigncy anghaiginyize, (e RiRibacEAwiaoAcsy Mainal of TeshianetionH 0RMA tandepss. The
ribozymes of the gregﬁnt invention also include RNA endoribonucleases (hereinafter "Cech-type
ribozymes") BPidh adWre one which occurs naturally in Tetmhymena thermophila (known as the 1VS,
or L-19 IVS RNA) anshhitly hbisdieg nsexte rdivetytble seitibe dfixyiabah ssr@ach@cshgeliaborators
(Zaug, et al., Science, 224:574-578 (1984); 10 Zaug and Cech, Sci 231.470-475 £1986); Zaug, et
al., Nature, é%l:tﬁ%g%ﬁ% (T@aégsc %ﬁéﬁ% %gYﬁ%Pn%%tﬁgldgla%%%ttOfpgﬂﬁggﬁgh?\I%g.&vn\?%%é)/%4%% by
University Patefits inchBesneamdcCeioeGal, MIppoiordaq teseymhef cleaargieatibesgmies have an
eighpase pair agtivesite Maklubrdisemiae RgaiRNAeasnroBsIeaiensieawmas of the target

RNA takes place. The invention encompasses those Cech-type ribozymes that target eight
15base-pair bewivd Gieentibpipcas fablyarprasdrtilivedd ergatigdise the corwstiting. apdaaile
approach, thg fibezymestanbaacmnesed f mogdifiediliganyclanidrade B sprinihravead stability,
targeting, etc.) and should be delivered to cells that express the target gene in vivo. A preferred
method of defissRPRaRL 3nehls DR RBHEPEP%ncoding” the ribozyme under the control of a
strong constitutive Sehih20paH!ipromotet use dhaliranifedied eeliscwilbprodboelsigfficient quantities
of the_ribozyrpe.to destroy endogenous target gene messages and inhibjt translation. Because
ribo2ymes, u#’f@éegﬁﬁ}snen %185%11018 ?Jlité%l}’é)rreg%%?gﬁit?é%elBWgernlln ?%ge%ﬁ?gjﬁeébaf%g’n%ar%%nﬁ E|s required for
efficiency. Nusieic theitsholepliesdiytriplbcrethbforfatientireds tarinhibittehizedptionsshduld 25be
single-stranded i spmpossiol degrnuesolideed hehass camacs ian alkiesR gliganucieotides s

designed such'that’it promotes triple-helix formation via Hoogstéen base-pairing rules, which generally

require sizealssnatasbrpuiaesorhyriRftinks 64 Enkl 8trdha weandislibedyorsuitnef Betails see,
e.g., PCT pubication:hlo, YO QS3rmdky B4iRLa: sandwich assays) or may be measured using an anti-

20 immunoglobulin antibddy that is labeled with a detectable moiety (indirect sandwich assay).

For example, one type of sandwich assay is an ELISA assay, in which case the detectable
moiety is an enzyme.

For immunohistochemistry, the tissue sample may be fresh or frozen or may be
embedded in paraffin and fixed with a preservative such as formalin, for example.

25 The compositions useful in the treatment of cardiovascular, endothelial, and
angiogenic disorders include, without limitation, antibodies, small organic and inorganic
molecules, peptides, phosphopeptides, antisense, siRNA and ribozyme molecules, triple-
helix molecules, etc., that inhibit the expression and/or activity of the target gene product.

More specific cxamples of potential antagonists include an polypeptide that binds to

30 TSPAN12 or Norrin, and, in particular, antibodies including, without limitation, poly- and
monoclonal antibodies and antibody fragments, single-chain antibodies, anti-idiotypic
antibodies, and chimeric or humanized versions of such antibodies or fragments, as well as
human antibodies and antibody fragments. For TSPAN12, certain extracellular domain(s)

may also serve as antagonists (see, e.g., Ho et al. /. Virol. 80(13): 6487-96 (2006); Hemler
13-



30The TSPAN12 or Norrin antagonists can also be useful in treating intraocular diseases including,
but are not limited to, proliferative retinopathies including proliferative diabetic retinopathy, choroidal
neovascularization (CNV), age-related macular degeneration (AMD), diabetic and other

ischemia-relﬂ&??é?fﬁ@ﬁb’thies, diabetic macular edema (DM_E), pathologigngﬁf%‘fﬂa?Vgﬁf
;t'é%?ﬂ%!ﬁiéa éﬁ\ggﬁi' 1 antaéf)nist ma

Hippel-Linday, disease, histoplasmaosis,of the tr

2010/0308U§@?76’6§S§V0 é}&%@f@?ﬂ?’@fﬁ’&‘?ﬁﬁ@@vg , branc ntral retinal vein occlusion
(BRVO), corhealahesiastuetization, fmmmg\m_smmmﬁ?ﬁﬁmﬁy@ﬁmmmy (ROP),
subconjunctiyaIemarhage. A ANPEHShe RienealCAAmiRissERion Praifnals, dehedules,

Doses, and Formulations 5The TSPAN12 or Norrin antagonists are pharmaceutically useful as a
prophylactic & 9#srEpRANE AgeNemvarious disorders and diseases as set forth above.

Thergpeutic compogitinRs: phthaianagansts @rraapaied JenstorageRynixntbersieaired molecule
having the appropriate degree of purity with optional pharmaceutically acceptable carriers, excipients,

or stabilizersS AR GESAEBASHS AREHTS ‘eiRAess: YaHc16&ditbATBENC RN6HOT1E%D)), in the foto
of lyophilizedifeisaulationsoasiagiigions saluticnsiafiosopiaRis Loy ivysriexiiiants;cotedtaliiizers are

nontoxic to re(:ig‘g)ient\_';n t the dosages and co lcl:(;:rétrgi__ti,[%nl'%l%r[ngIoe/a(?3 and 'ntglg{% buffers such as
phosphate, ci 750 Gther Srganl(;S 5¢ids; antioxiante Ind ?ﬁing ¢Srhic S84 and Methionine;
preservativesxsustias ootaghecidtifdthfiventghammoniasn BNSriceR Raxhotietioviiinh chloride;

bengglkoniur A5 qulgide, BORGIANLG EHRIAR: Alianel B! gribenzy alcohlalipd parabens such

as methyl or propyl paraben; catechol; res ; cyclohexanol; 3-pentanol; and m-cresol); low

molecular welefinglessitiest divau vopéasiddes)ponpseptitdissnsastes e BusHaS SO amlmin, gelatin,
or immunoglaRulinsosirilisRalymers s4shasRalyinine Rlidens amincagids: sHeh as glycine,

glutamine, asparagine, histidinc, arginine, or lysine; 20monosaccharides, disaccharides, and other

carbohydratederfingGhaessairmiaiersde, oridiLuaigorReraidy Sqlsatered ¢ ¥s EDTA: sugars such
as sucrose, panpialeitaRaloseQiEbite! gsativuRinDisANte RS sriph-asisodivn Laeatal complexes

(e.g., Zn-protein complexes); and/ar non:ionig surfactants_such as TW , PLURON]CSTm or
R ER AR s RN ON S e e L LTS O e il
aluminum steSarate; Edithia) $epa i pricieins psuehtag; nansaripseruan dibtipnidpbusieo STBBLENERS such as

phosphates, glycine, sqrbic acid, potassium sorbate, partial glyceride mixtures turated vegetable
Faty acidl, w ek S e R et

potassium hmwsmmhmiwaﬁﬁwm@ﬁmlmtsémccbﬁ@tdalt@om,zm@n@@iBﬁi&sisilicate,
polyvinyl pyr%%ﬂ%ea geloRsiPasadRuhsiacRsn g ARG UMICHR OhNRRk Gafgetssdagtopical or

gel-based forms of antagonist inciude polysaccharides such as sodium carboxymethylGellulose or

metR§icellulosendSifingmieoiidhenpoiuchyiiued guiidss hsisfame iyl et asiock
polymers, poiygthyignadiveeldaadnoegnasicanels. keralbaginipistiatianss sanmentenal depot

of the antisense nucleic acid. Generally, the longer the hybridizing nucleic acid, the more
base mismatches with an RNA it may contain and still form a stable duplex (or triplex, as
the case may be). One skilled in the art can ascertain a tolerable degree of mismatch by use

25 of standard procedures to determine the melting point of the hybridized complex. The
antisense RNA oligonucleotide hybridizes to the mRNA in vivo and blocks translation of
the mRNA molecule into TSPAN12 {antisense - Okano, Neurochem. 56:560 (1991);
Oligodeoxynucleotides ag Antisense Inhibitors of Gene Expression (CRC Press: Boca
Raton, FL, 1988).

30 The antisense oligonucleotides can be DNA or RNA or chimeric mixtures or
derivatives or modified versions thereof, single-stranded or double-stranded. The
_ oligonucleotide can be modified at the base moiety, sugar moiety, or phosphate backbone,
for example, to improve stability of the molecule, hybridization, etc. The oligonucleotide

may include other appended groups such as peptides (e.g., for targeting host cell receptors
~14-



-18- WO 2010/030813PCT/US2009/056557 foiins are suitably used. Such forms include, for example,
microcapsules, nano-capsules, liposomes, plasters, inhalation forms, nose sprays, sublingual tablets,
and sustained-release Qreparations. TSPAN12 or Norrin antagonists will tly(p,lr?%%(p% iﬁ)m)ulated in
such vehicle& 2t H 8 Atration of about 0.1 mg/ml to 100 mg/ml. 5Anothet formu aho'ﬁacomprises

incorporating, T3 %'Ilzge Norin aptagonistinie farmed attigles, shchaticles canbe Used in

modulating endothiélial ¢ell growth and angiogenesis. In-addition, tumor invasion and metastasis may

be modulate@rithiVeie ssadtitte ./ FIPHNDS b Nérth? Shitdeforaies-1f Bb: dsee Mindq¢é deiministration

must be sterfies 10T hisisqsagibsageamppishesivn isatiengdbiosab, siesilefitslionmembranes, prior to
or foIIowinggggilizaﬁon and reconstitution. If ingéihilize,d form, TSPANI2 or Norrin antagonist is

typically for ber i BionstriaEs P HHA Stherasgrediehrb Ksriige S aNHBH WitAaR"RbsPshriate diluent
at the time foxggesAMmespMa R Ailiguith iersaurionehd SRANE 2-qr NGolRrantagonist is a sterile,

clear, colorless unpreserv I illed in.a 15sjngle-dose vial for subcutaneous,injection.
Preaoruag p e R LB P5 BEAE (5 iy O o K
depending ntaEifniy @it thelimdicatioh) thadliypeuofepttispeptite cdl Rand 200mdtberimalztadorigt; a

15 it i aranee eI SRR aLing Aapplyngpide or other

buffer capable Qf_t@glﬂt%lngg% _
molecule in scﬁﬁ%on, pretera 0 gént/surfactant primarily to stabilize the

polypeptide t¢rigpoietoikeegaingtmgitation-induced aggregation; an isotonifier; - a preservative
selegged from the grquR.pfpERA!HERAMRIEANS ARshaLeRreloRLRARIAliR. fgieghloride; and

water. If the detergent employed is non-ionic, it may, for example, be polysorbates (e.q.,
POLY SORBATWEN N4trepe Erer by 2nowoingtading: o et @ ¢ -Tpespenehmeremaiash. The use

of non-ionic sufastantsiperiitstheiformdationte, Renexpeseddasbaatiseriace 30stresses without
causing denaturation of the polypeptide. Further, such surfactant- cgﬁ]t ining formulations may be

employed in SARRHITARESIS A AL 4L s AL TS U ATRRS B8 5mg SH L iSedleless jet injector
guns (see, e @bERASRABGInomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6-

15 isopentenyladenine, 1-methylguanine, I-methylinosine, 2,2-dimethyiguanine, 2-
methyladenine, 2-methylguanine, 3-methyleytosine, S-methylcytosine, N6-adenine, 7-
methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-
mannosylqueosine, 5’-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pscudouracil, queosine, 2-

20 thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-
oxyacetic acid methylester, uracil-3-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-
3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine.

The antisense oligonucleotide may also comprise at least one modified sugar moiety
selected from the group including but not limited to arabinose, 2-fluoroarabinose, xylulose,
25 and hexose.
In yet another embodiment, the antisense oligonucleotide comprises at least one
modified phosphate backbone selected from the group consisting of a phosphorothioate, a
phosphorodithioate, a phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a
methylphosphonate, an alkyl phosphotriester, and a formacetal or analog thereof.

30 In yet another embodiment, the antisense oligonucleotide is an anomeric
oligonucleotide. An anomeric oligonucleotide forms specific double-stranded hybrids with
complementary RNA in which, contrary to the usual units, the strands run parallel to each

other (Gautier, et al., Nucl. Acids Res. 15:6625-6641 (1987)). The oligonucleotide is a 2°-0-

<15~



An isotonifier may be present to ensure isotonicity of a liquid composition of TSPAN12 or Norrin
antagonist, and includes polyhydric sugar alcohols, preferably trihydric -19- WO
2010/030813PCT/US2009/056557 or higher sugar alcohols, such as glycerin, erythritol, arabitol,
xylitol, sorbit&?&ﬁ&‘"ﬁﬁgﬁﬁitol. These sugar alcohols can be used alone or%ﬁ%ﬁ%‘f%’g{aﬁ S'r‘?? Alternatively,

sodium chiorie, of AL ABRIARTIIE DI A ALDS e 1B ANk e saluiigna sotonic. The

buffer may, for example, be an acetate, citrate, succinate, or phosphate buffér 5depending on the pH

desired. TheRM oPbidearaleens (ioaiesfofmul A dthidliventiof (S Biffered in the range of about 4 to
8, preferably aboutyplyysiolaiaibhs, nd MRREESR0AYaS DAL RenY Alceholandkbenzethonium

halides, e.g., chloride, are known antimicrobial agents that may be employed. Therapeutic polypeptide
composition§1€€§éﬁi5@d herein generally are placed into a 10container having a sterile access port, for

example, an intravesqumrgktias bag-enshhaving, b siORRRK RIETesabladaN abYRAG eI mIminection

needle. The fonnulations may be administere repeated intravenous (i.v.), subcutane (s.c.), or
intramusculdP(%%T’rrﬁé’ct%’n‘és,eoqf &8 3%@&%??2?@&5&8@53%?&{6%&&5 ﬁ?ﬁ%ﬂ‘ggﬁ%ﬂmﬁéfﬁgﬁjﬁfﬁnaw

delivery (for ttraBitvararAgdeliveBisesteang, ckB. 257 Q5mp dd)eHosphutatioosare preferably

15administered as intravitreal (WT) or. subconjuctival delivery. . Therapeutic polypeptides can also
pe acminist L VR ot o SR A I e feis R S B A
sustained-relga320pépatationthyivhmesemipeipesatito ndatrivad o bsalidekydropholreneileders

contgjning the,pr ¥§§E‘88Y{?J&é}§ﬂ é@%s(@;ﬁdnem,f%%gﬁa@&gz.afﬁflaslsﬁ.-%ﬁ;ﬁhmv@sfnicrocapsule&

Examples of sustained-rélease 20matrices include polyesters, hydrogels (e.g.,
poly(2-hydrofy/&th\ sffethacrylate) as described by Langer et at "I. Biomed. Mater. Res. 15:167-277

(1981) and Langer 18Ry keaho i 98:10% £4982) rnalivinvialarhalih Balylagtides: (eS. Patent No.
3,773,919, EP 58,481), copolymers of L-glutamic acid and gamma ethyl-L-glutamate éSidman et at,

Biopolymers P9$§A% PR3V FgH et rigsin By ReRe R Basiuteon dh bk at'df %ssupra),
degradable |awfigacitgly eplisacidoopdyine s Bacicas Hinhupsonddepat(@d(fgactable microspheres

composed of lactic acid-glycolic.acid capolymer ar‘lgvl prolide ace: atei);l, d
poly- -(-)-S-WB?E%U@?% é}ian(lazﬁ%??% 1 abo 'rf#éﬂbgof/@ rS'gge ‘ggh SRS EURy acetate and
lactic acid-glyccltotakidegnadale, retgastwtdnolecules for over 100 days, certain hydrogels release

proteins for shorterfime 30ncrigds WASR&IFARSH A RIAIEINS BMHRNIAR PR fay.a long time,

they may denature
' Norrin, thereby blocking its activity, Examples of small molecules include, but are not

limited to, small peptides or peptide-like molecules, preferably soluble peptides, and
20 synthetic non-peptidyl organic or inorganic compounds.

Additional potential antagonists are ribozymes, which are enzymatic RNA
molecules capable of catalyzing the specific cleavage of RNA. Ribozymes act by sequence-
specific hybridization to the complementary target RNA, followed by endonucleolytic
cleavage. Specific ribozyme cleavage sites within a potential RNA target can be identified

25 by known techniques. For further details see, e.g., Rossi, Current Biology 4:469-471
{1994), and PCT publication No. WO 97/33551 (published September 18, 1997).

While ribozymes that cleave mRNA at site specific recognition sequences can be
used to destroy target gene mRNAg, the use of hammerhead ribozymes is preferred.
Hammerhead ribozymes cleave mRNAs at locations dictated by flanking regions which

30 form compleﬁlentary base pairs with the target mRNA. The sole requirement is that the
target mRNA have the following sequence of two bases: 57-UG-3". The construction and
production of hammerhead ribozymes is well known in the art and is described more fully
in Myers, Molecular Biology and Biotechnology: A Comprehensive Desk Reference, VCH

Publishers, New York (1993), (sce especially Figure 4, page 833) and in Haseloff and
16-



or aggregate as a result of exposure to moisture at 37C, resulting in a loss of biological activity and
possible changes in-immunogenicity. Rational strategies can be devised for protein stabilization
depending on the mechanism involved. For example, if the aggregation mechanism is discovered to
be intermole® A" E/E¥dfd formation through thio-disulfide -20- WO PCTIUSI009/656557
2010/03081%C

Tits0ga/0ssaseydhange, sispizalon Akt ashisveR Rymafiying sulfycry

residues, IyopR! 1Zirfg from’acidic so ntrolling moisture content, Using appropriate additives,
and developmygispiecific polymer matrix compositions. Sustained-release TSPAN12 or Norrin

antagonist Composﬁi%f%%%ﬁgﬂ@HH@?#@%%H@%%&%@EQ@P&%%@%%@% cholingsqmes.ale prepared
by methods known per se: DE 3,218,121; Epstein et al., Proc. Natl. Acad. Sci. USA 82:3688-3692

(1985); Hwangpeth 3 eMceof thatareheensan I OBOLArS 4 A9ty e syt 36 676; EP

88,046; EP 143:24%9:1ER tinh84dod3pasesembasant ARrplicatianBard 18008; U.S. Patent Nos. 4,485,045
and 4,544,545; and EP 102,324. Qrdinarily the lipgsomes are of thghim II§ bout, 200-800
10Angstroms) unilaMRERECRHESPIRRCR EREiBIEcRE AR Bg?é??l ?@Br %?%iﬁ%?.s % cholesterol,

the selected (peppation tRitigasiustedyiastheaptinal dbecapyich becthe rapeutigatyf efidgtiverdose of
TSPAN12 or Norrin antagonist will, urse, ding an such factors.as the pathological
condition to 6@3%%@“(?@&%}% %Fg\%ér?tﬁ%]t\%aéwrriﬁﬁg\g ) (g rﬁ?n:ét{?séhg%]} %ﬁ%e?§‘6’§ Eﬁ‘ compound
being used fdedcahthbn{l ikBeaw/Ccohthedapyl dhvoiives thezpetidntSiage:, RRdgitd §eRérafedical
condjion, medi istary, d4 LQHRINALRN is,well withi skilh oha_pEactising. physician.
Acc?)tr}dingly,%ﬁgggsﬁ%égggg?%r %Lﬁéﬁ%gg%@? Ego@jtzlter t ’eéé/%)i’gg%ma?ﬁ’dgr%ddi% th ec(ro Lﬁgt? of

administratioppbEsheguristnasiotsianatenaprdideian therdpeutiidfite by Univeyyin RfedhBife guidelines,

the effective ﬁeéﬁaaar@@ihcﬁzyﬂtﬂ?mm%mg@éﬁ fﬂ@f@@&ﬁhgg@ QiRIHRAhRYth 8 gnodkg more
preferably about 0.01-1.0 mg/kg, most preterably about 0.01-0.1 mg/kg. The route, of TSPAN12 or

Norrin antagBATEBIH MBI TS RO RrINTRB  SHerer f T P ARRS S HTRSSion by

intravenous, loramuseplade. intiRGaehiah ikapprianerbsintiateralr aspinalestbeaneoight intraocular
(including int{)avitreal), 25intraarticular, irﬁras%/novial, intr%thecal oral, topical, or inhalation routes, or

by stibtained FAEREETERSN S SSaUTBEES L2t atF BiShtillelt Sr8shigTStecule is employed as an
antagonist, it is prefesabkjagministespprosellytior riarronaliydn bhedonmsof afigoitlfemdsolid to mammals.

Examples of gharmacologically A6eaRiableSals: Al AIFaHES NI Msalis 204 R ed to
cells that express the target genc in vivo. A preferred method of delivery involves using a
DNA construct “encoding” the ribozyme under the control of a strong constitutive pol 11 or

20 pol 1I promoter, so that transfected cells will produce sufficient quantities of the ribozyme to
destroy endogenous target gene messages and inhibit translation. Because ribozymes,
unlike antisense molecules, are catalytic, a lower intracellular concentration is required for
cfficiency.

Nucleic acid molecules in triple-helix formation used to inhibit transcription should

25 be single-stranded and composed of deoxynucleotides. The base composition of these
oligonucleotides is designed such that it promotes triple-helix formation via Hoogsteen
base-pairing rules, which generally require sizeable stretches of purines or pyrimidines on
one strand of a duplex. For further details see, e.g., PCT publication No. WQ 97/33551,
supra.

30 The TSPAN12 or Norrin antagonists can also be useful in treating intraccular
diseases including, but are not limited to, proliferative retinopathies including proliferative
diabetic retinopathy, choroidal neovascularization (CNV), age-related macular degeneration
(AMD), diabetic and other ischemia-related retinopathies, diabetic macular edema (DME),

pathological myopia, von Hippel-Lindau disease, histoplasmosis of the eye, central retinal
17~



30 useful hereunder include alkali metal salts (e.g., sodium salt, potassium salt), alkaline earth metal
salts (e.g., calcium salt, magnesium salt), ammonium salts, organic base salts (e.g., pyridine salt,
triethylamine salt), inorganic acid salts (e.g., hydrochloride, sulfate, nitrate), and salts of organic acid
(e.g., acetata¥ gﬁgﬂfge%l-%oluenesulfonate). WO 2010/030813PCT/US2008/68858% Edhibination

Therapies .The effecti f TSPAN12 or Norrin antagani eventing. or treating the
disorder in qﬁggt%r? lr%sla?f/l g@?mb%gg%%ﬁa%erérn{cﬁ%}ﬁdgm Hity gg@%%%@tﬁ@?éﬁgngﬁn combination with
another agemetivasisl effetiive fiinfhosevpsrpesestieitheriinnkibyseimecBeonipoditidn.or as separate
composition§ubcmﬁg{c%gmQ@OJQE@%%M%R@W_ used to treat angiogenesis associated
conditions such as ocular diseases may be"combined with othér agents. In particular, it is desirable to
use TSPAN 2 BrKisHasCaAT: LS edinesidiien Withl QABMISHAES or with another anti-angiogenic
agent. In some emhqdimans ther NeRAMNh2 8NN R ntagaistialPusad in cyrnatian with a
VEGF antagonist, e.g. an antibody, e.g. ranibizumab, .. The effective amounts of the therapeutic
agents admifftPEARRUESHERRENARRASFeRE 2t ditshshs %ﬁﬁﬁ’g%ﬁil%f‘&;m%e at the physician's or
veterinarian's discratierspbafa@enaditivistitine anctadiistnrgntiado e ttoeghidvahagmal
managemenéof. the canditiops to be treated.. The dose will additionally depend on such factors as the
type of 15 th T a%lgu it 5ge‘r’1]tnt% e HRed aRg e spect ic Jaﬁ’éntolgelfﬁg Peafglcfcqnyplcdiy, the
amount empleyegtabil beribe, sanp dosengabibzasd cif thg gikdihtherapeidit Sgereis Hdministered
withpit T SPRMEENRIN L SRANA N BIHR AIUBAMIER formuiBRERE ARSI RIRANSING drug
candidates accor(%ng to'the present invention are 20antibodies and antibody ‘fragments that may
inhibit the prédgenishlotarsFA G ATistabildens tae neaten GetHEPEIRSP AN dosereNBHLin.
Polvdonal A%Qe@li@%iéﬁgwéﬁfdpaﬁ@m@d@wmy@\L&mgb&@%me? kpownte theeskilladiartisan.

y

Polyclonal antibodies can be raised in a mammal, for example, by one or more injections of 25an
immunizing d§&kst aHEPNCaRERUARSHTRIRH 2T Rea M HENRRRISEIE G AtUSAdfor adjuvant will be
injected in thgcmarymakRyhmbiiiple subodianedisiinsapasioneahiviesionschhalisampnizing agent
may include the TSPAN12 or Norrin polypeptide or a fusjon protein thereof. It may be useful to
Conibate thEHir G HORHIAS AR 10 B R A DR I b A ing
immunized. Exahmyplesaipstiphr3Qim mtmhge nisqedteinsytrichedendius-armtant limitea-toedkdyhole limpet
hemocyanin, serum albumin ine thyroglobylin, and soyhean. trypsin. inhihitor les of
mcivants (s T B e B S S R
(monophosphibryhiripisiAior symhetegiehdlosemitorpronmpbotare uPhesprhmizauar pletscol may be
selected by qpg skilleg 'ﬁéﬁ%@éiﬂﬁ@?@hm&l@, %&&955@}%?‘:@&%3@, arginine, or lysine;

20 monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or

()

dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or
sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-protein
complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or
polyethylene glycol (PEG).

25 Additional examples of such carriers include ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human serum albumin, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts, or electrolytes such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal

30 silica, magnesium trisilicate, polyvinyl pyrrolidone, ecllulose-based substances, and
polyethylene glycol. Carriers for topical or gel-based forms of antagonist include
polysaccharides such as sodium carboxymethylcellulose or methylcellulose,
polyvinylpyrrolidone, polyacrylates, polyoxyethylene-polyoxypropylene-block polymers,

polyethylene glycol, and wood wax alcohols. For all administrations, conventional depot
-18-



-22- WO 2010/030813PCT/US2009/056557 Monoclonal Antibodies The anti-TSPAN12 or
anti-Norrin antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be

prepared using hybridoma methods, such as those described by Kohler and Milstein, Nature 256:495
(1975). Ina fauIAthod, a S5mouse, hamster, or other appropriate ﬁggﬂﬁsﬁﬁwgls@?f/pically

immunized with an immunizing agent to.elicit.| hogytes that produce or.are capable of producing
antiboies thSFINPEpRA A B S TR S g b ATPAT N e BB may b
immunized inipisonthelrsksinizingtagdntal nyicatiyinciblieghe EBRPBNLZ o Nordrgetypeptide or

10a fusion pigigdheteol-SpRANRLY Nt ARUBNCILAI0R MTPRORAERLERL U AR 3R I cells of
are de pleen cell

human origi sired, or s s or lymph node cells aré used if nonhuman mammalian

sources are desiierbcThaigmplabeytdslang/thete APE@sth an immortalized cell line using a suitable
fusing agent, such ag,palyathwlsnesivespiadotinabrtdoma aslh GediRa Menoelagalantibodies:

Principles and Practice (New York: 15Academic Press, 1986), pp. 59-103. Immortalized cell lines are
usually transfOFRREFHE M ARSR EASS SRRy hipodHaL e Aedo reléfd e bFOME: @M human origin.

Usually, rat amgeusedyalosmaicel], inesrane sioplavedthhehyhidonacslissaayitaleuiiured in a
suitable culture.medium that preferably contains one or more substances that inhibit the growth or
survival of th& tfifised, immortalized cells. For example, if the parental cells 20lack the enzyme
hypoxanthine guanifgPphdshtroribosyitragsiarase ISR R or P Rdjitieretdiursusibdiston kor the
hybrigomas typicalh il el IR YSTUNR, ATRODIENI A MR AT pediy), which
substgances prelvelnt% elérowt e%ﬁa%géﬁr%&éﬁgﬁent cvég‘gs. gnke%erre |5r¥r{1morta izee (@? ines are those

that fuse effidielotyingdpprvitiseatore dnirecomisisicax pidsdionr biiaeifuay BYRAS & chsdrin
antibody-proguicing, ¢ellSyAnd1Ar & RRNEHNMGAQ PRI wHE R @S Hi T Mefium Mersrigiared

immortalized cell'lines are murine myeloma lines, which can be obtained, for instance, from the Salk

Institute Cell Di&tABaIBIRIEEHREHSHPORIENERBH L ara P & lerkandripeduieneiCollection,

Manassas, VirgeniaiHumas-mysiomaiand medse; bmarheteomyalsmacslilings @isa fayve been 30
described for the producti?%of h%man monaclonal antibodigs. Kozbor, J. Erununo,l., 133:3001 (1984);

Brodeur et at™RISHOSoHAl KRG BISHIBHH FedHGTES ARERBBHESHOTTRASH B Dekker, Inc.:
New York, 1388t fdkp3ated uiheguitiein) éaligraip whiehaiddgyhtitibnea dellmdiketdsteréd can
then be assa%%d f?r t@e presence of monoclonal antibodies directed against the TSPANI2 or Norrin
23 “type of polypeptide:

TSPANI12 or Notrin antagonist;

a buffer capable of maintaining the pH in a range of maximum stability of the
20 polypeptide or other molecule in solution, preferably about 4-§; |
a detergent/surfactant primarily to stabilize the polypeptide or molecule against
agitation-induced aggregation;
an isotonifier;
a preservative selected from the group of phenol, benzyl alcohol and a benzethonium
25 halide, e.g., chionde; and
water.
If the detergent employed is non-ionic, it may, for example, be polysorbates (e.g.,
POLYSORBATE™ (TWEEN™ 20, 80, etc.) or poloxamers (e.g., POLOXAMER™ 188).
The use of non-ionic surfactants permits the formulation to be exposed to shear surface
30 stresses without causing denaturation of the polypeptide. Further, such surfactant-
containing formulations may be employed in acrosol devices such as those used in a
pulmonary dosing, and needleless jet injector guns (see, e.g., EP 257,956).
An isotonifier may be present to ensure isotonicity of a liquid composition of

TSPANI2 or Norrin antagonist, and includes polyhydric sugar alcohols, preferably trihydric
-19-



WO 2010/030813PCT/US2009/056557 polypeptide. Preferably, the binding specificity of monoclonal
antibodies produced by the hybridoma cells is deteimined by immunoprecipitation or by an in vitro

binding assay, such as radioimmunoassay (R1A) or enzyme-linked immunoabsorbent assay (ELISA).
Such techniqti@%98 3884y s are known in the art. The binding affinity of tREHiGAYEEH I Bantibody

can, for example, be determin b‘tl‘l?? Scatchard analysis of,Munson.and Pollard, Anal. Biochem.
107220 (1080 R ALEE (e b D e R T s R onect by

limiting dilutidihgsrocgdurés kel grobvniyg standardnmettiodsi@oditigimstipedy. Sediabletdatidee media for
this purpose e 0f GYAURE RHPERSORVRIIE] £30l8 MEUHTAGAQ RRMI1640 medium.

Alternatively, the hybridoma cells may be grown in vivo as ascites in a mammal. The monoclonal
antibodies secreted By tEuBlofEscrIEpIschie sintee 2. siffe SR aiseE wharehwe diufstor ascites

fluid By COnV@EﬁQﬁﬂlé@ﬂH@ﬁ@Q@MU&PWE@%@@E‘&f@ﬁ%@%ﬁ@qﬁ%%ﬁﬁui&fcﬁmﬁﬁn@éﬁ%ﬁs
A-Sepharose, W%droxylapatite chromatograg(r:%?gel 15electroghqresi$, dialysis, or affinity

chromatograiered s msroRisharshim Fahly sRybraielessteEombinant DNA methods,
such as those descTiesk#ict:Siveatani o 431 61851 BNA eReodingHe: Rienecional@miodies of

the invention can be readily. isqlated and sequenced usjng conventional procedures (e.g., by using
oligonucIeoti%’r(gaglf‘f?Bgsaﬂglg%/l géncaaﬁgﬁ?és 61?36(}5‘3 n%Csc ?ﬁ?%éﬁly to genes encoding 20the heavy and light
chains of murine anftizodies)c Phiyairideomapeslisos thsciibehtioniseoneradyaaprefeceddmouarce of such

DNAOnce i . _ into Jo]s rs,.which_are then transfected into
hos?gells sucﬁ&ggs%g%%ﬁ%‘&%gﬁsg%%ﬁ%% @ér%gsgégﬁ %e?/sg% %%Ij%%gﬁ/é}&o? ?n?/aeégr%‘ggc?ells that do not
otherwise prbévise insivenisgistgrhlpioteinynodsbininrsteymusedie ofn drrouvigngnamibokties in the

25recombinaptRastGelSs TARRNAASRRBRY PS neritinthdorasamRieinsubsiitiing e coding

sequence for human heavy-and light-chain constant domains in place of the homologous murine
sequences (BHSCYSEfe AT MG CEOEAE BB SBirBledlr Etifmasal By REPalEty B HYW (he
immunoglobuineaMiReS9PBRES &l0F parrof she sodingspamantriona pRifclyrunoglobulin
polypeptidc. Such a non-immunoglobulin polypepride 30can be substituted for the constant domains of
an antibody SfP*EPf&‘ﬁtR}'SﬁﬁBﬁl}*&arV&t Fhds %‘tﬁﬂ?é%%??ﬁé&%ﬁ&% domains of one antigen-combining

site of an antibody @hthey iuentidyptotiientenabbimeritdhivatest andiodoyn of sTdnérabtibrdied may be
Q“X%Tg;f‘e'egtn %?reﬂ?te%?qci)%%n'\\/’%e@%%??e%%ﬁ%%@;rﬁg%&%ﬂe lent andbodiss.are Rl nown i, fhg art. For
matrices of solid hydrophobic polymers containing the protein, which matrices are in the
form of shaped articles, e.g., films, or microcapsules. Examples of sustained-release
20 matrices include polyesters, hydrogels (e.g., poly(2-hydroxyethyl-methacrylate) as
described by Langer et al., J. Biomed. Mater. Res. 15:167-277 (1981) and Langer, Chem.
Tech. 12:98-105 (1982) or poly(vinylalcohol)), polylactides (U.S. Patent No. 3,773,919, EP
58,481), copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman ef al.,
Biopolymers 22:547-556 (1983)), non-degradable ethylene-vinyl acetate (Langer er al.,
25 supra), degradable lactic acid-glycolic acid copolymers such as the Lupron Depot®
(injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide
acetate), and poly-D-(-)-3-hydroxybutyric acid (EP 133,988).
While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable
release of molecules for over 100 days, certain hydrogels release proteins for shorter time
30 periods. When encapsulated proteins remain in the body for a long time, they may denature
or aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological
activity and possible changes in immunogenicity. Rational strategies can be devised for
protein stabilization depending on the mechanism involved. For example, if the aggregation

mechanism is discovered to be intermolecular S-S bond formation through thio-disuifide
220



-24- WO 2010/030813PCT/US2009/056557 expression of immunoglobulin light chain and modified
heavy chain. The heavy chain is truncated generally at any point in the Fc region so as to prevent
heavy-chain crosslinking. Alternatively, the relevant cysteine residues ar Lﬂ[ﬁ?&'t ith another
amino acid rgg?oeﬂg)@?ﬂg? deleted so as to prevent crosslinking. 5In vitroe%%e ogg}%ﬁr%gégo suitable for

preparing mengyalent aniiaacies, RlgestanelanihadiesrinpradhERRAmSLs IsieetRaricularly
Fab fragments, can it accomphsthe using routine’techniques known'in the art. Human and
Humanized AntibeddssThiernsi cPSPANEIeIAE-106 M SHuBcarenmay tddiietdRtbrise humanized

10antibodies;Qy g@&g}%%k}%ﬁ{g?&%{g%ﬁ non-human (e.g., murine) antibodies are

chimeric immunoglobulins, immunoglobulin chains, or fragments thereof (such as Fy, Fab, Fab’,

F(ab')2, or other anti§EBEISEs s UnEetiEh e S O 4 ANARBIST tREPOSIHAS Wiﬁ%‘l“}s{%quence derived
from ﬁon'huﬂiﬁﬁdﬁw BREMpulian Rz ed ANihedies inelyee fudtaniinhode agletuliasstecipient
antibody) in which residues from a CDR of the 15recipien I iIdues from a CDR of a
non-human %él%%g(a%h&pﬁmt%%s%gﬁ z@lfﬁéﬁgé ‘#gt%g"?a%)?b%tggg\%%%%tﬁe&%dﬁﬁ?&? 3%‘%(e;}cificity,
affinity, and eapBeity NxsomelissiatiSas] F0fad B4 giR§esiBReR SR thER GMmETH itk bdfobBllin are
replaced by correspangding non-human residues. Hury ize fo]ele] : ise residues
that are foun%géfgffé)’%\ktgégr%{:ﬁ% Tt an |§tggyaﬁgf;?ngt1??g%§n gﬁ@ga’ ?D%%ogr?%}g%z%vﬁ?%gquences in
general, the imddaidisdSantib &y WA mPriteasiih Sahivatigrads ofae fekstoaé (EnyttyPicddy two,
variggle domajas i Al aksuRs IR all ¢l IR ieglonsaaueaRRRd darilloss of a

im a

non-human unoglobulin, and all or substantially all of the FR regions are those of a human
immunoglobeliplesiebibtiscksitsereaottive hﬂﬁ%fé’é&‘éfﬁfﬁéﬁ?ﬁi@‘@r@ﬁ@%so will comprise at least a

portion of an immuFI‘HQlﬁ@#ﬂg’éﬁ%&ﬁ?@ﬁ@éfﬂg&@e@eﬁb@m@ﬂ)ﬁﬁfﬂﬁirﬁfx&tﬂé@ﬁi@timmwmgi@kw"n- Jones
et at, Nature 321:522-525 (

986); Riechmann et at, Nature 332:323-329 (1988); Presta, Curr. Op.
Struct. Biol. 2’?§®§9@§‘§1(1§9§12§9‘fg1&ﬁ@ﬂ%%?hﬁQﬁ%ﬁ%%%ﬂ%&ﬁ %%ﬁﬁ%aﬁg@gﬁdewgll known in the
art. Generallyre disimaniaeehambdedy damienetionnier eypenificoagidneslairgsustddtugearinta.it 30from a

souge tha is noruman. Thsse nai-byman aming agidresidies e e sleried gas -mport
residdes, whit S¥E5BIRAIRY EAKER oA BR Minipor Varabie domain. umanization can be essentially
performed follwiygethe e ihodtefMiinteman d e witikehs (Bohes ceprattiNag pby8RIas22-525 (1986);

Riechmann ef at, Nal(e P74 325 LAt PR ! HABXE &l SEIRALE AR 4236, 858)). by
substituting fodent CDRS or Cil
administration as required to obtain the maximal therapeutic effect.

"With the above guidelings, the effective dose generally is within the range of from
20 about 0.001 to about 1.0 mg/kg, more preferably about 0.01-1.0 mg/kg, most preferably
about 0.01-0.1 mg/ke.

The route of TSPAN12 or Norrin antagonist administration is in accord with known
methods, e.g., by injection or infusion by intravenous, intramuscular, intracerebral,
intraperitoneal, intracerobrospinal, subcutaneous, intraocular (including intravitreal),

25 intraarticular, intrasynovial, intrathecal, oral, topical, or inhalation routes, or by sustained-
release systems as noted.

If a peptide or small molecule is employed as an antagonist, it is preferably
administered orally or non-orally in the form of a liquid or solid to mammals.

Examples of pharmacologically acceptable salts of molecules that form salts and are

30 useful hereunder include alkali metal salts (e.g., sodium salt, potassium salt}, alkaline earth
metal salts (e.g., calcium salt, magnesium salt), ammonium salts, organic base salts (e.g.,
pyridine salt, triethylamine salt), inorganic acid salts (e.g., hydrochloride, sulfate, nitrate),

and salts of organic acid (e.g., acetate, oxalate, p-toluenesulfonate).
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-25- WO 2010/030813PCT/US2009/056557 sequences for the corresponding sequences of a human
antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent No.
4,816,567), wherein substantially less than an intact human variable doma'gjr}‘l)% n%geﬁ% l.}bstituted by

the correspowa)lﬁ&l%ﬁﬁé%ce from a non-human species. In practice, humanized antibodies are

5typically human a (5% }%Sﬁoi?[zl Wi ich, some CDR residues and possibly some FR residues are

substituted by resi(%'@r?mm—a‘n‘a%%?u sites in rodent antibodies.  Human antibodies can also be

produced using vafdasfisetivigesskASRAN e Narrinanidrngistidn egspas b e abbgenboom

and Winter, g MaL Rkt A5 MRtk el abin Mol Bl 222, 38041.890)1Thradechniques of
e

Cole et at and Boemer et al. 10are also available for the preparation of human monoclonal antibodies.

Cole et al., MpmbHawHD Nithsaetbe agentihpide cTRERG P AR RN SpHE 1O EE)S4RE Boemer et at,
J. Imgnunol. d4461)i86n% £1 9 k-RiBvtassifisinan antibodies can be made by introducing human

immunoglobulin loci into transgenic animals, e.g., mice in which the endogenous.immunaglobulin
genes have been p%(?lh%ffﬁ}'@ﬂ% Bﬁé%gl? ﬂﬁi%?ﬁ% I@]@@Pﬁ%ﬁ%ﬁﬁﬁéﬂg@? &??%?ﬁ%rﬁe%‘?]ﬁ%sgawgéoduction is
observed thabgtigety resembiad dhaissaen ruhbenansinda wabpdots gectudinggendagariangement,

assembly, and antibody re. re,This approach is described, for example i nt Nos.
5,545,807; 5%%@%3%%%%@%8&%@5@%%@% 51%8%?3% gl%%if)%&%aer%hl%tt eés?‘go%ging scientific
publications:ahehks atistn Sighec hgwpibghn 30TR7erhegditaooR yhe ey ket NQain e 368r3% 63859
(1994): Moriaan oAz S 2GRN Rishyisherahdietue Rlaiesinaiooy
14:845-851(1996); Neuberger, Nature Biotechnology 14:826 (199 3 Lonberg and Huszar, Intern. Rev.
Immunot 13:65-93 Thegtiemishupmeisviuibe DRpaseshiBHBEHL RRMIERTILR Fitterably
human or huirgnized @ibedias:28hat havedindiegrsercificitios faratleast bupdifiarent antigens. In
the present case, one of the binding specificities is for the TSPAN12 ar Norrin pol tide, the other
one is for the 19sK SARERBRERY ﬂiﬁé@é‘ﬁ%‘gﬁ.1%48}%&%4}?&%85’8%%Igéﬂﬁg%lgeﬁigig%eor receptor or
receptor subegitiiibathads feramaking kispeeifiaatiticodiesiapenkinevsndn fheoarts Thadjtiordlly, the
30recombinetﬁ]t roduction of bi%?gcific gntié)%iies IS asag I%rhg@? %jgégre[ssil%gnof wo
immuhoglob{ifh REERS R ARTGRECHAT Pairs. Where tHe two Reavy chains Have different specificities.
Milstein & Cuellariahyrie 3054453 B<3BO (188 8psBechasesod tfehaadonilasspratierteof immunoglobulin

heavy and Iigila%n chat

\ ’Im N ?dt@?@lﬁﬁ%%ﬂﬁ%ﬁwmas) produce a potential mixture of ten different
antibody molecules, of which only one has the
TSPANI12 or Norrin Antibodies
Some of the most promising drug candidates according to the present invention arc
20 antibodies and antibody fragments that may inhibit the production of TSPAN12 or Norrin
and/or reduce an activity of TSPAN12 or Norrin,

Polvelonal Antibodies

Methods of preparing polyclonal antibodies are known to the skilled artisan.

Polyclonal antibodies can be raised in a mammal, for example, by one or more injections of

25 an immunizing agent and, if desired, an adjuvant. Typically, the immunizing agent and/or
adjuvant will be injected in the mammal by multiple subcutancous or intraperitoneal
injections. The immunizing agent may include the TSPANI2 or Norrin polypeptide or a
fusion protein thereof. 1t may be useful to conjugate the immunizing agent to a protein
known to be immunogenic in the mammal being immunized. Examples of such

30 immunogenic proteins include, but are not limited to, keyhole limpet hemocyanin, serum
albumin, bovine thyroglobulin, and soybean trypsin inhibitor. Examples of adjuvants that
may be employed include Freund’s complete adjuvant and MPL-TDM adjuvant
(monophosphoryl Lipid A or synthetic trehalose dicorynomycolate). The immunization

protocol may be selected by one skilled in the art without undue experimentation.
27



-26- WO 2010/030813PCT/US2009/056557 correct bispecific structure. The purification of the correct
molecule is usually accomplished by affinity chromatography steps. Similar procedures are disclosed
in WO 93/08829, Ec)?ublished 13 May 1993, and in Traunecker et at, EMBC},&T&%%%@S-(%%Q (1991).

Antibody vanap® YoRtaiRs with the desired binding specificities (antibody-antigen 5combining sites)

can be fuseMgngpM%g!&Qg!'!&constant-domain sequences. The fusion preferably is with an

immunoglobufi avy-chain constant domain, comprising at least part of the hinge, CH2, and CH3

regions. It is preferidg BthASBARE At FsEdERARICOH SR Mae ALY QSRIRRIP AL site
necessary forlighliehainhipding nipasitdo akjaashepa of i fusvnsaRNAaIRRedicigdhe
immunoglobulin heavy-chain fusions and, if desired, the %ﬁoé?m%l@glg‘b%i tchair)£ are inserted
into separatd@spresioRVREI R ARG SR NSHEL e TS h ST it I B K PIREIRTSY Rurther
details of gepgyating:bispeeficiantiypaipsiasciodameanpleyitalie siuetatc-Netitoas in Enzymology
121:210 (1986). Heteroconiugate Antibodies Heterocanjugate antibodies are.c 0 WO
covalently jol 3%%%%@%3%%1&%3}% 8&%533% é?%gregg(ra%ep él?%?g%ﬁ% r%)gggle %gﬁtﬁé%ﬂegti
immune-system eilispteifioulriied cets: fhSufatenidio. 4676,980)yatiy fymirbetyirsrnaf bAV
infection. WQ 91/00390' WO 92/200373; EP 03089. It is contemplated that the antibodies may be

. imhunized i VitFo, . . . - . . . .
prepared in Vitro using l?nown mcthods in synthetic protein chemistry, including those inyolving
crosslinking agentsTiRormexanimie desrioridtbnivs ragchd e st | Zemyariaah@erdteiange
20regction oy by forming:a shirethes hepdrExampies af-suitabir 1pageststar thsipuypesssiaclude
iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, fO{ example, in U.S. Patent No.
4,676,980. InieRISSITEuM S SHESHISHIOS iSToSE REISTRNMADA SO B @ ontTd B as
immunolipospings. akhaseniss-santridngdhe aiatdhare @ epated higsdethinds known in the art,

such as described in Epstein etal., Proc. Natl. Acad. Sci. USA 82:368 985); Hwang.etal., Proc. Natl.
Acad. Sci. USKPHAF5P (20885 SHE E‘J.Sgl.téf?’;?.fﬂ?é%g 28Rl B BRY %’gﬂ%@ﬁé}ﬁc&%s%%ﬁgg ith

enhanced citggtiondicok. ate disgldtacbibbhSA RétedieN Bribolas 5356 PPatic bdy Ysekul liposomes
can lk%e genesﬁ?éggeg%tpl%srs%\ﬁ%: %9a§§— frf p@xﬁ%&%ﬁzed cell lines are usually transformed

mammalian cells, particularly myeloma cells of rodent, bovine, and human origin. Usually,

rat or mouse myeloma cell lines arc employed. The hybridoma cells may be cultured in a
suitable culture medium that preferably contains one or more substances that inhibit the
growth or survival of the unfused, immortalized cells. For example, if the parental cells

20 lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the
culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and
thymidine (“HAT medium™), which substances prevent the growth of HGPRT-deficient
cells.

Preferred immortalized cell lines are those that fuse efficiently, support stable high-

25 level expression of antibody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. More preferred immortalized cell lines are murine
myeloma lines, which can be obtained, for instance, from the Salk Institute Cell Distribution
Center, San Diego, California and the American Type Culture Collection, Manassas,
Virginia. Human myeloma and mouse-human heteromyeloma cell lines also bave been

30 described for the production of human monoclonal antibodies. Kozbor, J. Immunol.

133:3001 (1984); Brodeur ef al., Monoclonal Antibody Production Techniques and

Applications (Marcel Dekker, Inc.: New York, 1987) pp. 51-63.
The culture medium in which the hybridoma cells are cultured can then be assayed

for the presence of monoclonal antibodies directed against the TSPAN12 or Norrin
223



30method with a lipid composition comprising phosphatidylcholine, cholesterol, and PEG- derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore size to

yield liposomes with the desired diameter. Fab' fragments of the antibody of the present invention can
be conjugate\al?oz%(goﬁ%gomes as described in Martin et al., J. Biol. Cherh <2 .%%92%7(1982) via a

cisuifide-nterehangs feaion . 27: IR 24010081 SPCTIR00%A50RS7 chemarygpeutc agen

(such as Doxo in) is optionally contain In the liposome. See, Gabizon et at, J. National

Cancer Inst. gipidymaedl§19dgyrringbadaumieat ICumpasiopsby Ahtibutie Sindinb adies sydcifically
binding an T%ﬁ&&&%&%&@%&w&%ﬂﬁﬁ%ﬂ% RS YEl Asgtharojecygs identified by

the screening assays disclosed herein, can be administered for the treatment of various disorders as

noted above 'SHESERSHIH AENORHE BPHaIEEetic i CBIRdBEIFBHEY IO MRORE® herein may also
contgn more;iiapNeREhyexeRRBobELAsHiRee 35ah: KyatbeRpsticyas iTditation heingiiteated,
preferably those with gompl t activities that do not adversely affect each other. Alternatively,
orin addition’,i’fﬁé o] &.ﬁ@ﬁ%@%{% prise an agent that enhances its function. Such molecules are
suitably present in edrabinatiesréd aybedoisatbeltsere eéftadtive, fiie thierpumpasednidniiadd The active

ingredients may: also, be.entrapped. in microcapsules prepared, for example, by ceacervation
tochmicues oL By R B O AR D St
gelatin-microoapselesdantbpbis-fredsy imatidacidatpmideobafgiess Megiderhetyldrs dbibidal drug

delivgry systemsRiEXHHRIEIR SAMERARNTIN TISIRSRASIESs IS 8eTHIsiPRS, pRRo-particles, and

nanocapsules) or in macroemulsions. Such techniqués are disclosed’in Remington's Phalmaceutical
Sciences, su%?eﬁmﬁ@?ﬁ%ﬁlations to be used for in vivo administration must be sterile. This is

readily accomplisherh oy, fHsatian touahSIRIREHRHAR TSEHANESy be isaUstAIDLpuiEiease

preparations may be prepared, Suitable examples of sustained-release preparations include

semipermealbi& A LS RS HYA P ARSI oIyt RS AR R e SR BRI P hatrices are in
the form of shapeduasticies e, for Bimapty, snieracapsules: Axamplespaficrustainac-elprgeehatrices
inCILi%e pOIyee%% %p%z?ggg%%l fgg, or affinity chromatography.
The monocional antibodies may also be made by recombinant DNA methods, such
as those described in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies
of the invention can be readily isolated and sequenced using conventional procedures (e.g.,
by using oligonuclcotide probes that are capable of binding specifically to genes encoding
20 the heavy and light chains of murine antibodies). The hybridoma cells of the invention
serve as a preferred source of such DNA. Once isolated, the DNA may be placed into
expression vectors, which are then transfected into host cells such as simian COS cells,
Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the
25 recombinant host cells. The DNA also may be modified, for example, by substituting the
coding sequence for human heavy- and light-chain constant domains in place of the
homologous murine sequences (U.S. Patent No. 4,816,567; Morrison et al., supra) or by
covalently joining to the immunoglobulin coding sequence all or part of the coding
sequence for a non-immunoglobulin polypeptide. Such a non-immunoglobulin polypeptide
30 can be substituted for the constant domains of an antibody of the invention, or can be
substituted for the variable domains of one antigen-combining site of an antibody of the
nvention to create a chimeric bivalent antibody.
The antibodies may be monovalent antibodies. Methods for preparing monovalent

antibodics are well known in the art. For example, one method involves recombinant
A



example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No.
3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl

acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT(? (injectable
microsphere¥ €ti58384 bf 1actic acid-glycolic acid 30copolymer and leuptSRdE RS and

poly-D-0-3-hydroxybutyric acid. Whil I Is. such as lene-vinyl.acetate and lactic. acid-glycolic
acid enable éﬁ%%géogfé{%g{‘&ﬂfgwSP%’Sg,Q&%%ﬁgfgdc%ﬁd:ﬂ%eﬁé o g%f%‘le%;}}see%g?gge?ﬁgl%ﬁ shorter time
periods. Whénertahgtrietaty ahtilnopies remhaiRdnethensody fomeeienpbéme-cheayp anesplddmegure or

aggregate as,g LGSl Of GXDASLIE QI iﬁMs%ﬁhéige (EEUHNGdR, A58 Al PiglngiGR] Aclly and -28-
WO 2010/030813PCT/US2009/056557 possible changes in immunogenicity. Rational strategies can

be devised f6F staBHigiedon deioarentbt SrPtReEkiBEhanism involved. For example, if the aggregation
mechanism is discqyeigd iR dntaempiesuian s Brirgafeumation dhrauahtbiv.disvlideidterchange,

stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidi¢ 5sqlutions,
controlling mié eédﬂﬂ@ﬁéuﬁg?%@ggﬁﬁ dPHER R R RSB &P B BBR & matrix
compositionsisMgtaats-atchigatimaniusing eaAntivody It is contemplated that the antibodies to
TSPAN12 or Norrin @aé be yzgd 0 tre;t A}/atr;oEQ angiogenesis associated conditions as noted above.
10The antibodies St A riamat: ‘,gpreferably a human, in accord with known methods,
such as intravenoud zdminisbainh2as adtelsdn bytibontinueysfinfhsicnoyesehpedodadf time, by
intrayitreal, int lar, intr it al j Qus, | Ts

i movial b Rl boay i
preferred. 15ire ghinerithodimereloputiiel dgicanoeldby et oifizemontisheteikeeinse dinbination

therapy. TheyagliFLSPANED, ApdiREARGNAIHR ARLRACK AN ROSIEHBANROAN(-gmARt-VEGF) are

administered to patients at'therapeutically effective doses. For example, depending on the type
and severity BiRHBAHRSEHIBFE BBV AP PO e ARgIRE B LOBHID O hRALT SF BB is an initial
candidate dogegRdnadMiRistatoniekothe paignhisbeihal Walcaxample. Bynoae DRom:separate
administrations, or by continuous infusion. A typical daily or weekly dosage might range from about 1
ug/kiPto 100 PR FTSPERHS BEREHE S % of!ri’el?ﬁ SRS qé’\‘?@.gl&g}ar‘g(ﬁélgfg’g’ ministrations
over several dayisomangastdenebiing anghie:cosdidon: théciteatffieit.iamé pgaiad, olisustained until a

desired suppre?smn ol;vd%)r{lg%rﬁylr:n&pms PGours. However OEhi%e{hdoaSr%%e req e}ps may be 25useful.

INSEANCCS Ucs uman 1ununo
The progress o i€ therapy is easily monitored y conven oTral tec niques an

corresponding non-human residues. Humanized antibodies may also comprise residues that
are found neither in the recipient antibody nor in the imported CDR or framework

20 sequences. In general, the humanized antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all or substantially all of the CDR
regions correspond to those of a non-human immunoglobulin, and all or substantially all of
the FR regions are those of a human immunoglobulin consensus sequence. The humanmzed -
antibody preferably also will comprise at least a portion of an immunoglobulin constant

25 region (Fc), typically that of a human immunoglobulin. Jones ef al., Nature 321:522-525
(1986); Riechmann ef al., Nature 332:323-329 (1988); Presta, Curr. Op. Struct. Biol. 2:593-
596 (1992).

Methods for humanizing non-human antibodies are well known in the art.

Generally, a humanized antibody has one or more amino acid residues introduced into it

30 from a source that is non-human. These non-human amino acid residues are often referred
to as “import” residues, which are typically taken from an “import” variable domain.
Humanization can be essentially performed following the method of Winter and co-workers
(Jomes et al., Nature 321:522-525 (1986); Riechmann ef al., Nature 332:323-327 (1988);

Verhoeyen et al., Science 239:1534-1536 (1988)), by substituting rodent CDRs or CDR
.25,



assays, including, for example, radiographic tumor imaging. The following Examples are offered for
illustrative purposes only, and are not intended to limit the scope of the present invention in any way.
The disclosures of all patent and literature references cited in the present 30specification are hereby
incorporated ¥ AISEHEE in their entirety. WO 2010/030813PCT/US200F/65658PHRERIPLES
Commerciallg availabl? reagents ‘refe&red to in the Exa ‘{%_Iles were used acc rdifi;; to ﬁnanufacturer's
instructions URESS Gtheiwise Thdicated. Alf efaishices HETherdin Gre nNere f/n% b‘?%%rated by
reference. 5 EiXiAMPACE |afiBRPAN 2:l shimvalved tihddesidl it tPatNolagid &l Yfigiedernsis

Although the coding: inf_ra AN i in sev ni 'rill [ mans and mice
(see. 0.0, oA B R Rkt T Y TSP aN12) o
function for ichassherdingenifiage Tobagiand e dateidit Riretion NESmiad 2ikiveckesur¢k O) mice
were generag 'éﬁi?%&%ﬁ’%ﬂﬁmﬁémﬁbﬁﬂﬁ-s&ﬂ@@ﬁﬁ@ﬂé’siﬁﬁ%stéﬁg‘?ﬁgglﬁ?@éﬁ%@R’%ﬁ&l@%’i@pomeo‘

into 129/SvEvBrd (Lex-2) ES cells and targeted clones were identified using a southern blot assay.

Cells from a tahgetesEhyTesifrs frBcrag MOy dsmiABY Mdistocysts. The resulting chimeras
we(;e matﬁd to C51ﬁ%@aﬁa&hmg@mm§@w@/ @E%drli(iﬁ@ghagmr@mﬁgmm%u@ ﬁ%rtﬁlaarﬁputatior:
and 15subseguent ckcrassed onto.a C57/BL6 background (>N3 used for phenatypic analysis
and other ox B THE SRR PTG HEPETUBIETANG TORN: o Ve it il SISt polyclona
serum name®aks PAN 12 -Nnadpelc R2adminddine Crteluhaljgottactllulaepeptickd Boemer ef al.
CRREPGTDQMMSLK Q:ID.NO: 5) and affinity purified it. We also raised. g second polyclonal
s named SR BRI B R sponcing o
amino acids MinghAntibop-apdsGinmepidosenyinbackedasamd PUiféd) TineBarystingdh the mutant
mice was configmeby SertamndletoBGRARA WESIRH RO iR Ysales OLRR beatdublich were
enriched for TSPAN12 by immunoprecipitation using aTSPAN12-Anaspec-C. We first analyzed
expression oRISmARTPIAL RIS ¢EUES RSN RIS St GasTDse i rdash din o gdgsfoping retinal
- vasculature aﬁﬁﬁé@%mimgeﬁégaﬂw%%@at&hiaﬂ%péd?ﬁ?@f@}seﬁﬁawwé selafliepen-CNS

ni

vasculature. However, we observed no large-scale significant marphological alteration of the NFL

vasdWlature iRUEBRERLeRy REF rEtiAR I ARSEVHE tht STeirAraRtebirSihef SR B e iR hat were
processed agegrebngiiripiibkshed piecegdunes{Geihabti, ehalandbbsBl kBigloité 1{h)ladpaodoh (2003)).

Accordingly, 30ue apalves e TSPANTR AR0NEIcE (95 RSIOVASH 8 4y, I arjag disease

models.

5,633,425; and 5,661,016, and in the following scientific publications; Marks ef g/,
Bio/Technology 10:779-783 (1992); Lonberg et al., Nature 368:856-859 (1994); Morrison,

20 Nature, 368:812-813 (1994), Fishwild et al., Nature Biotechnology 14:845-851 (1996),
Neuberger, Nature Biotechnology 14:826 (1996); Lonberg and Huszar, /ntern. Rev,
Immunol. 13:65-93 (1995).

Bispecific Antibodies

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies
25 that have binding specificities for at least two different antigens. In the present case, one of
the binding specificities is for the TSPAN12 or Norrin polypeptide, the other one is for the
polypeptide or any other antigen. Examples include a cell-surface protein or receptor or
receptor subunit,
Methods for making bispecific antibodies are known in the art. Traditionally, the
30 recombinant production of bispecific antibodies is based on the co-expression of two
immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different
specificities. Milstein & Cuello, Narure 305:537-539 (1983). Because of the random
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas)

produce a potential mixture of ten different antibody molecules, of which only one has the
26



Mouse pups from eight TSPAN12 (C57BL/6) het x het crosses were generated and used in a mouse
model of retinopathy of prematurity (ROP). Six litters, along with their nursing mothers, were placed in
75% oxygené{% eroxiag for a period of five days beginning at P7. At P12, the animals were returned
to room air ¢ ﬁ%‘?{"(‘r‘? IRioxia) and -30- WO 2010/030813PCT/US2009/5E58 134 hed for
another five days (A7 TRl bioRsies eETRRRd Bl ganobiping apding. 37 aniels broke down as

| =8, heterozy =21,

follows: homozygous type n- gous n 10mozygous mutant n=8. On P17, the
right-eye wagqskaaplsirediby pEnrieadesreyy wapsplatedarspadidesons dixedised PH¥@ornea and

lens were reqoyeeh§ amuielt.&Y e5 el Prsdflin, Rrackssing iR d SRCURING /ENS MRS VAT ¢1BaGed in the

block with the iris side down, facing the sectioning surface. Sections spaced 16 microns apart were

obtained and analy2&#tednedirtde drarsatisnth SsgienscA barbng sarrbeec(aihphedaiigfia custom
designed nuglaarialgputhe cBIiely e ay assulasdifts intinaiabt-assacaled withstheneenp diber layer
(NFL) 10 were jdentified as regions of i ﬁerescirfor the algorithm guantification. A minimum of 30
sections per F&58? Hfa‘fﬁfﬁd‘h N R ARG ah‘%&?ﬂf*ﬁ%ﬁ OFRELSSEIRERT 8 etffhpart
neovascularigétierhinge, OHL divpeHinpadag aisechtuides Cankitiofis: designed, tchain deh BoP,
neovascular nuclei e retinalvitreal interface were.identified (Fig. 1). In contrast, homozygous
TSP AN B S e o A e 6 sy oL T e hat
TSPAN12 is thequiriedsfoPPeth etegiinsstbe avoulasiglatiolin rhl%thi@'ﬂl@i? fmede$ and, i&ﬂeﬁmdséwing this
pheqgtype e Rt madskieanalyzardeuelonmenh Ak Bealngl vasaulaic.and finer scale. In

the murine retina a superficial vascular plexus in the NFL is established from the optic nerve head
through a coffsirfatien Bisprotiabig herbrarisroding Famhetenayssdwrserrishsegifiays PO - P10.
Subsequently,¥Essels Serastdpigiine outahRiexioiaye i @R handinte, theyipnggplexiform layer
(IPL), where two capillary bed established, resulting in a three-layered vascular architecture. By
P8 we found the devElgFaEH HeE%asculature was not significantly changed in retinal
wholemounts of TSRANAHjuBMElfiRIgiss Sectiapswe Jouns dhalithefprmationiobsapilkias in the
250PL had begkgnd% EII in#he TSPAN12+/+ mice thilte S troutin was com lettelﬁ abs%rg in
TSPAN12-/- TR P P TP AN dXBPRSHioR e dStS T R VASIOMEE B not other
retinal tissuesctbgéfltePatitht the. 45SEr02tio arth &irtireatatin bRISTE dgfy cippe A& HARAZ&0IW@matoxylin
and eosin stgjns ind h I IS, prumary. | [z mi OPL was
also not vasgqgﬁggj?? ﬁé?ﬁgg%Yi«?t%%%@ggﬁh%%%%%%%%Eé;%?ag K i%é’??é%?z{éggl gapillary
bed in the IPkngienTsphods 2 Aypibcsiisplaipad aonion el ehgrfedednroigmgousseapiiegies in the

space betwegn. NELapg IRl [Thethisknass ehipnerandauar igeasiyess iR daRANL2-/- retinas

was consistently reduced in adult but not developing mice, indicating that neural cells were secondarily
affectd by JEpsERNAN RIS ERihpether bond. Examples of suitable reagents for this purpose

include iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for example,
in U.8. Patent No. 4,676,980.

Immunoliposomes

The antibodies disclosed herein may also be formulated as immunoliposomes.
25 Liposomes containing the antibody are prepared by methods known in the art, such as “
described in Epstemn et al., Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang et al., Proc.
Natl. Acad. Sci. US4 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545.
Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556.
Particularly useful liposomes can be generated by the reverse-phase evaporation
30 method with a lipid composition comprising phosphatidylcholine, cholesterol, and PEG-
derivatized phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of
defined pore size to yield liposomes with the desired diameter, Fab’ fragments of the
antibody of the present invention can be conjugated to the liposomes as described in Martin

et al., J. Biol. Chem. 257:286-288 (1982) via a disulfide-interchange reaction. A
37



WO 2010/030813PCT/US20091056557 Together, the phenotype of TSPAN12-/- mice was
characterized by a largely normal development of the superficial vascular plexus and a lack of
capillaries in the OPL, a phenotype that appeared to be very similar to the phenotypes reported for

Fzd4 mutantWHEGAI%I3. cell 116: 883-95 (2004)) and Norrin mutant niie& HSERHSIEt al. Invest.

50phthalmol.Sci. 46 93)8:3 72-82.(2005))..\Ve therefare tested whether TSPAN12-/- mice displayed
ctional oh SR S A S R R R Nor
mutant mice Bxhibibusny «lvdralciérigticzhlicroanéuristhd Inat 8kéA8%rom the NFL towards the inner

nuclear layer at P1§,E §}MFI?%¥¢ a?ﬁ!ﬁ:g?ﬁfo%&gf/%% EdpngSPANlZ-/- mice by confocal microscopy
revealed microaneurism-like vascula ‘r‘na. ormations that were remarkably similar to those described
in the Non-in mutarfiikesicsrecsitgribinpofing se RdHNER arddesriste hrepoidn adinidiosas supported by
the fact that Rothn.NQuinMuRPLNCE RECHINIRR ANAR- Lertiss thamAliRimatiansdevelopsd at

virtually identical time points. Further similarities included the aberrant expression of Meca-32 in the

retinal vessefdBitidprhante fraanephol Hasiorsy dispeisiute aved abry erindibelen diibs fpoeExpressed

in the retinal Masslaladstiexbedrig bammegylated in Fzd4 mutant mice. Since Norrin and Fzd4 are a

ligand/receptor pair_that, in conjunction with the co-receptor LRP5, activate the canonical Wnt-pathway
and promote accunﬂ%f%ﬂ]%]%%) TREmTeeB At R0 %h@ﬂ/ﬁfﬁe BRAYS CEAPRAS ¥ TSPANL2-/-

mice indicateddtmbFSRAN2Mmay alsadibaireduitedtfert o prinfBebitehicsigtiatingp RO EXAMPLE 2.
TSPAN12 Is | voveqi nt Signaling Based. o tk{g sigl%ﬁlrit between th enqtypes observed in
e Lepan R L B R A e Y erorine
whether TSPRN2OsidnvolyadipNwrriregsdubetisBhentenits Wnttsign Sish thebbgglesrare quity

25Topflash caasiHuel CANIRLE fH%Mowﬁéfﬁfﬁ%e%Ei@e%%QLEEIRBEE%‘E&H&BEF/ TCF consensus

sites that is therefore responsive to canonical 13-catenin signaling. A construct expressing renilla
luciferase under a RSt PishTaiePIe dEIbsSHYPRI Eomifsrcansidetaissraedeith reporter

constructs ang#asRPIRISoMeNE ARfVatedwith 40 VhieembianhNoMiRin thepresence of exogenous
TSPAN12 or vector control. 16-18 hours later, reporter 30activity (firefly activity divided by renilla

activity) was GEERIREEY KM SRS SR RRRE WSS AN ARty R BREF Rk in cells
overexpressiniroSipaits? rilpectositrohcellR{fbd B gldilipanelystight (fanslahow sigbedmentrol renilla
Iuciferasg ex%essjon was the same. r%ré%eiszfl(l)lng%aqggpgs . ﬂeaggrgggrg}c%dsalgyag experiments in c.ells
where Wlldtypeuf%lﬂ&)lﬂ%s% KA WSS Feduced using sl X (expression was scflglﬁtly below one-fifth of
-32- WO 201%/08081BRET /0820010568567 ¢ disclosed in Remington’s Pharmaccutical Scignces,
supra.
20 The formulations to be used for in vivo administration must be sterile, This is
readily accomplished by filtration through sterile filtration membranes.
Sustained-release preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers
containing the antibody, which matrices are in the form of shaped articles, e.g., films, or
25 microcapsules. Exampies of sustained-release matrices inctude polyesters, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat.
No. 3,773,919), copolymers of L-glutamic acid and ¥y ethyl-L-glutamate, non-degradable
ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the
LUPRON DEPOT® (injectable microspheres composed of lactic acid-glycolic acid
30 copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers
such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for
over 100 days, certain hydrogels release proteins for shorter time periods. When
encapsulated antibodies remain in the body for a long time, they may denature or aggregate

as a result of exposure to moisture at 37°C, resulting in a loss of biological activity and
08



control levels) and found that Norrin-induced, Fzd4/LRP5-mediated expression was significantly
reduced following TSPAN12 knock-down. To further probe the specificity of the TSPAN12 effect, we
conducted several e%Perlments where we varied the frizzled constructs and/or the |Iﬁ%l’%d First we
conducted 5@‘5&)@? M f§3usmg cells transfected with the same vector exp’r)ggnljr%g Sthar frizzled
constructs (radluliZdRatadCl RAAIRNLARNEN RRLANN AN Ig%@gvcvwe Fi8,i4: a5 WajL.afiset of

TSPAN12 oﬁ'cﬁomn mediated catenln canonica transduction is specific to Fzd4, with a
much lesserdsifeatiop @z@m@nn@dmscdrgwmd?qmemmmearﬁﬂ}qemmeagwﬁ@amsm|1§ assay using

Wnt3a as thg;l &ﬂg%&otm%ﬁeﬁmeém igrgonedonnddihatd0dRANL2 i m&e&mgsantly enhance

any FZD-me |at signaling Flgh 5). We observed similar results using Wnt5a as the

and
EXAMPLE 3statsization mepbashigedbnm éﬁ@féﬁﬁ@@ﬁﬂ@%ﬁ)&ﬂh@%ﬁ@e@%ﬁg {bns during
initiagon of Ngrrii3-cateminganalineitdnhwpuldinesxraeied ldaalesalize AR dptagaglwiid
components of the receptor complex. In order to test this possibility we transfected Hela cells with
flag-Fzd4 (fIAG FESHIBABY SAPREENNAHY) and HA-TSPAN12. Plasma membrane Fzd4 was detected
with a flag antlbodmmhaaﬂap‘evmbﬂtmdzdlmagmaﬂﬁgn ice and TSPAN12 was detected
subsequently after |xat|on an e e on. This ar rev ndant 20Fzd4
expression on thei LIRSREET aAE}e1 ?SBVE v(\?gls %tgt?@r%’%e%ous speesrjal (lgﬁ%t%% ﬁgtsma
membrane buirinsteagdings fos asktoi edoomdénsedimetad@onss punctate areas. TSPAN12 colocalized
(0 agrae extent Wi} FatBasti PHRGIAR &Nt 0 addiion ACRIIRg IhipACKIWRbH Waihres that

were not stained by the anti- ag antibody because the anti-f %ﬁstalnlng was done on the cell surface

without perrieabitizivghtrds. et 2riteraces CImsEHPT 264 RNEhH ot BORSESIOUNHBA®Y,d4 was
substituted wjth,Fzo2:andreeexrieased with TRRANIRwe faund i ISRANI2REchiedS were mostly:

separately localized (only in rare_cells that strongl expressed oth proteins s %?regatlon was partially

overcome). SUDEGHERISHBY PR SRRy K- (8 ATk REHn PRI Sh I AEE R ISHE b Norrin
(AP-Norrin) h@ym%mmﬁlmﬁuﬁ)ﬁﬂmmﬁﬁm@m@pﬂ@f@mﬁ;tlons (Xu et al. supra). We 30transfected
HeLa cells with either Fzd4, LAPS Orl\ﬁ}ls?ﬂ robed these ctells wit cgﬁcliitloned medium
containing flag-AP-RSRmTERsLrasah BREA ?1%11 éﬁlgﬁ RV Tothd That “Norrin efficiently
bound to cellserpiessingdrao/ EIMEmnnEFBE’BNMWMMﬂWNMrmnMd@ rami bivathto @sllmdxpressing

TSPANI2 alpne (Eig ) 1D oo i1 REGhE o JIFIREYPIR ADTREAN A AIDlggceptor complex we

For example, depending on the type and severity of the disorder, about 1 pg/kg to 50

mg/kg (e.g., 0.1-20 mg/kg) of antibody is an initial candidate dosage for administration to
20 the patient, whether, for example, by one or more separate administrations, or by continuous
infusion. A typical daily or weekly dosage might range from about 1 ng/kg to 100 mg/kg or
more, depending on the factors mentioned above. For repeated administrations over several
days or longer, depending on the condition, the treatment is repeated or sustained until a
desired suppression of disorder symptoms occurs. However, other dosage regimens may be
25 useful. The progress of this therapy is easily monitored by conventional techniques and
assays, including, for example, radiographic tumor imaging.
The following Examples are offered for illustrative purposes only, and are not
intended to Himit the scope of the present invention in any way.
The disclosures of all patent and literature references cited in the present

30 specification are hereby incorporated by reference in their entirety.



WO 2010/030813PCT/US2009/056557 TSPAN12 in 293 cells and used Fzd5 as alternative Frizzled
and CD9 as alternative tetraspanin in the respective controls. After incubation of these cells with
conditioned medium containing flag-AP-Norrin on ice (to prevent internalization events) and extensive
washing, NorhR HE40atdd membrane proteins were mildly crossfinked ahf SR ﬁﬁoprecipitated
by anti-flag antibody. Non-in efficiently precipit%t not Fzd5. Furthermore, TSPAN12 was
coprecipitated by Norrin with Fzd4 but not Fzd5; ot precipitate when no Frizzled was
present. In contrasC@bsraithyiyhiekbr ceasttio edasinileriieths RmaRANIR Wdspisr dogrecipitated
with Fzd4 by NQrgn (Figs DRl SRAN &SR0y siaply-assosRiRiyith thesredd raeeptor complex.
TSPAN12 was also 10coprecipitated by Norrin with Fzd4 in the absence of LRP5 from detergent exI’
acts (1% NPhereby mampNREddeEAipEtEsD-maltoside) when no crosslinker was used (not shown).
Whe TSPAN12 and LRP5 were coexpressed and TSPAN12 was immunoprecipitated, no association
with LRP5 was detected (Fig. 8). Given the strong enhancement of Norrin/B-catenin signaling by
TSPAN12, we 1 etmhdeSRRNIBoGQ ipor man i Lathalpical ARGIDZENESIRis purpose,
Hela cells were trangigastet withdligerzgdn tRASPRSAAN IR ®nyactevaansighaisthsubsadugntly
probed with several dilutions. of flag-AR-Norrin.c nditioneﬁ,m ym. Bindi <ABNorrin to cells
oo simiar T DELLICE Bt et TN T A R A e . 9. To
exclude the padsitbiifothar TSSRNY 2Xedaded- ot Lidrplessiciziclies biie dtghetsameditme
norggsed NoRAding Yaisqihe eI RBSChie cxReasion. /LG tUI0RR Hithaggypled antbody

directed against the flag peptide. Coexpression of TSPAN12 did not alter expression of Fzd4 on the

plasma memtwesificEtis,. thojargstesivensthefivairmiotimpTs A Nie 1d8 8y ReBrblfrin ddredipitate with

Norrin (unlesg, fzgdds PresRO (Rigachand 698 Nokanhanes Nerjindainding e frdd(fign) indicates
that 25TSPAN12 enhances s%nalln ina umgl:%gtfashlon. This is_consistent with the functions of

several othe Mg &9ssishitovhriBlyBittiNrabirsteavaty e R s R R M StE SR ught to
organize miccgdema (gihal RsiliiatecsignalirgekthaLmbeddedosgonios. ihenratoie wa next
examined the possibili th%F TSPAN12 fag" s the intera tig%%etw eréés;%)m nents,of the receptor
complex. 30 HRHHSTEY FoS TRl P RGO AT NG CONATD AUt PRI L2 Norrin
belongs to thensyhigroudpticeysieinadmat PRtaNs2thatiamsedimebdedadifiteiiaolecular disulfide bonds
(Vitt et al. Mol. Endggrinol. 15(5): 681-94 (2001)) and it has sted that-Norrin dimers can
further assemble intgges el?gfﬁ%ee@s%or ﬁ% ?&?%1%%&%?%2‘*%‘%%%%g%?‘fgﬁgé‘?wgi65]5‘3‘%356557
weight. (Peraztaritan@tisiadeBibt @hede. QRREXTREAOIPE1GFA) LINSRIrd isesdrafigiyvassociated with
the extracellular At (EGMY HLess MO 5 IuSemhIQAR(Xth flrsntah TRgHgheduction of the

intermolecular disulfide bonds Norrin can be completely converted into monomers, alternatively,

mutafion of tﬁéﬁ%%mé—tﬁg%ﬁﬁﬁ-ﬁw %fm@am’b@nesponding to amino acids 116-221 (aal16-221-

His6) expressed in bacteria and purified. The targeting in the mutant mice was confirmed

2Ty u Y_v: 5N

0w ] AW i bn cu v

by Southern blot, PCR and western blot from lysates of P1 heads, which were enriched for
TSPAN12 by immunoprecipitation using ¢ TSPAN12-Anaspec-C.
We first analyzed expression of TSPAN12 in various tissues and found that it was
25 expressed in the developing retinal vasculature at P15 and in the meninges at P1. Little or
no expression was detected in non-CNS vasculature. However, we observed no large-scale
significant morphological alteration of the NFL vasculature in isolectin-stained retinal
wholemount preparations from TSPAN12 KO mice that were processed according to
published procedures (Gerhardt et al., J. Cell. Biol. 161(6):1163-77 (2003)). Accordingly,
30 we analyze the TSPAN12 mutant mice for phenotypes in a variety of ocular disease models.
Mouse pups from eight TSPAN12 (C57BL/6) het x het crosses were generated and
used in a mouse model of retinopathy of prematurity (ROP). Six litters, along with their
nursing mothers, were placed in 75% oxygen (hyperoxia) for a period of five days

beginning at P7. At P12, the animals were returned to room air condition (normoxia) and
-30-



5to abolish intermolecular disulfide bonds. We expressed V5-tagged wildtype Norrin and VS-tagged
Norrin C95R mutant in 293 cells, and extracted Norrin from the ECM. SDS PAGE under reducing
conditions revealed monomers of wildtype and mutant Norrin that were virtually indistinguishable.
Consistent witi? gPaUBE& 3eports, analysis under non-reducing conditons r&v¥ %%&iﬂé\;ﬁTdtype Norrin

formed dimers and assemblies of.higher tp olecylar weight. In contrast, Norrin-C9 ant was
mostly mona AT Sh TR S Ao bTal (gt A SR o B RN o
formed dimessyipassitiydnowonsdubient hesorigtion erlbiyinternhdlecmaygisetficts at a position other
than.C95. ho\ﬁégécésggcﬁ%gam%_@prrin gssemblies larger than monomers have the potential to. bring
multiple Fzd4 mo les into close proximity in the membrane and enhance Norrin/f3- 15catenin

signaling, whereas @iohbhificislvrere @asRasaA ot 7f BHéstufididet-we tramsieetédincreasing

amounts of WilElREMNATKRi0E NAE InEIPRERNAB-COnANC Rt itbithe.sa6e BiRssp induce Topflash
activity in the presence or absence of TSPAN12 in 293 cells. Expression of wildtype Norrin efficiently

induced Norfif$SEaterihSigioakmg et B PEsHacshininianidriia o bt bdemsy #iin¥zD4 and
LRP5, and theeadgitiometlERANIAgRstianely enhirReadshisweth\dbtdhig shd)adMBnedteric Non-in
C95R mutant, however, was virtually inactive.in cells not overexpressing TSPAN12, ven at the
pighest dose 87 I KSR PSR RORSISEERF T PR TP PR SRLA/ING keptors
into microdorigimstanBakdw, thenzdcbituafs oldsetdeashcttied v iFSRANIRerEbeugah@signaling

defect of Norrin C95R. mutant to a large. extent. Eurthermore, the addition of 25TSPANAZ2.increased
siaring of v e e B B A e
TSPAN12 eachtiorovidechstiffergainme ansvosbrgignsidtiple Fapatifes dotisscitocolodegirotimity, and
these two meghanisms;agidoaether to elicit maximal signaling. 30EXAMPLES. TSPAN12 Enhances
Receptor Clusterin2 We conducted a biochemical analysis of receptor clustering using the

previously describet HlEatsrPERBI- sy Yo dshferndt siefpsdife Nefahklodenirseidfialing but

maintains theghility tachiachNeRHRIGHk gLl weHPI@hNsedhy siruatesatinfornatonéRann et al.
Nature 412:86-90 (2001)), the M157V mutation has been proposed.tg affect -35- WO

- 2016703081 3PCTRYSIBOERG 5855 HR GHARC Y (ERE PSSR EHMERYHRLT B coisat dety
multimerizatipidigax@d thet a8P aMIAisoqunes fb phitsinta; néovetallardtipie) HChnRSIENhadH. previous
reports (Xu et al., sypra), we foungd that signalin iated hy, FZD4-M157V was severely impaired.
torestingly. TSPAN e e e D o et 5 SR i 137
5We then utilizetFZBALMEE PY dditirecticinVe stigaterithartote oSTISHANL 2avvHZDMermaliirfiarization.

293 cells weredyansteatiad With ToRANIR QLARHRS UeEIhand cotRANSIEGIS AW E iR 1#g:m£D4 and
gD-FzZD4, or with FLAG-FZD4-M157V and gDFZD4-M157V. Cells were incubated on ice with medium

confdlning Nerdrcarads!ingbrivesingsand derd iniifopresipieady vsrekmmreagodhibody and
probed for 1QeeipynruneRtesiRitaten PiORNRA inherenabisAuaptiigationekry ekeinapiaiein
interactions, no cross-linking reagent was used in this experiment, Similar baseline levels of
association HEHHEEGHRRZ IS St PG S DT5% 6 e rau R TS P HEF FEX ESFD %7V were
detected (FigiFebgRsnnddnsavmol ahownurblamimand oA 2naaghiincreasg dviiveeamaint of
gD-FzD4 puu&%&&m IBY/ ~F rlﬁﬁ\:g -frzlzc%%éggc(%iggg v(\:fg 'i‘c‘;td}{‘cf‘ t%%p tgef formation of capillaries in the
25 OPL had begun by P11 in the TSPAN12+/+ mice while sprouting v}as completely absent in
TSPAN12-/- mice. The fact that TSPAN12 expression was detected in the vasculature but
not other retinal tissues together with the observation that the retinal histology appeared
normal in hematoxylin and eosin stains indicates that the vascular defect is primary. In adult
TSPAN12-/- mice the OPL was also not vascularized, confirming that the defect is not
30 transient. Instead of an organized capillary bed in the IPL the TSPAN12-/- mice displayed
somewhat enlarged and tortuous capillaries in the space between NFL and TPL. The
thickness of inner and outer nuclear layers in TSPAN12-/- retinas was consistently reduced

in adult but not developing mice, indicating that neural cells were secondarily affected by

defects in vascularization.
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15Non-in and TSPAN12 further increased FZD4 clustering (Figure 13B, left panels; 13C, open bars).
Importantly, the M157V mutation severely impaired the ability of Non-in to cluster gD-FZD4 with
FLAG-FZD4, whereas coexpression of TSPAN12 compensated this defect ‘B‘éﬂ ure 13B, right panels;
13C, filled ba\%‘? HYYERS, these data indicate that TSPAN12 and Non-in FEB??JWBTESEZD4
multimcrization, anq,suquest haﬁénlt atlonfo{ l__%/catenmdzsoc agl?l Je uir sglzl actors hat
promote FZD4 multlm%rlzatlon nd. ||§y£ct|v |on Tby gan |ng Wemekt ?gnted whether
addition of ambddmmﬁémmdﬁ@mmgpmmrﬁgmmm theled@iPity of FZD4-M157V.

In 24-wel Igieah 105 sellshuplne s ansiaied ih s AAmIE copRING e rgisin reporte

mix (Topflas and pCan-myc- ef 1), LRY ZD4 or FZD4-M157V.
Twenty-four Foues #lfeelird &r&ﬁ%f%&%ﬂ%éﬁﬁmam r@@@.@e&@@@m dredti-LRP5/6

antibgdy. OnghasiatervA2SnoAm bt secambinashNat-inyasatded imwelisap ndicated. Following

an additional 16-hqur incubation at 37C, cells were lysed and Firefly and Renilla luciferase expression
was measurdB sy YBﬁ?é’&&@ﬂféF@F&éﬁf‘Pi@a%@W? EIRbATF CrFErSe R OB SVE R iR alized to
- Renilla exprasgiaa N'Hﬂed’%ﬂiﬁl@E@tﬁh@hﬁbblQxﬁﬂbi&éryﬁh@ﬁl&&ﬂxﬁwﬁﬁ%@lﬁ&%ﬁ&@@Eﬁﬁétﬁﬁthlty IS

activated by -6-fol resence of Norn en F V] Is ex jesse n-in activation is
o icantty R A R SR oy AR ETSe 1 Lo Sheroct i
FZD4-M157\F Bp/aspReximiataly @fﬂdalW@r@&m@m@aﬂaPﬁibmmmmwmm 1. Anti-LRP5/6

Antipgdy Par &%%%%%%tg?%&h%Q@E%%?ka’%@‘%nt\ﬂ%ﬁt@{hﬁé%ﬁ% A2 G NR DAV ERPS/6 Fold

Activation St
The similarity of these highly characteristic malformations was supported by the fact that

both in Norrin mutant mice and in TSPAN12-/- mice the malformations developed at
virtually identical time points. Further similarities included the aberrant expression of
Meca-32 in the retirtal vessels of TSPAN12-/- mice, a marker for fenestrated vessels that is

15 normally not expressed in the retinal vasculature but 1s upregulated in Fzd4 mutant mice.
Since Norrin and Fzd4 are a lHgand/receptor pair that, in conjunction with the co-receptor
LRP3, activate the canonical Wnt-pathway and promote accumulation of cytoplasmic 8-
catenin, our phenotypic characterization of TSPAN12-/- mice indicated that TSPAN1I2 may
also be required for Norrin/B-catenin signaling.

20

EXAMPLE 2. TSPANI2 Is Invelved in Wnt Signaling
Based on the similarity between the phenotypes observed in the TSPAN12, Fzd4

and Norrin KO mice, we conducted Topflash reporter assays to determine whether
TSPANI2 is involved in Norrin-induced -catenin Wnt signaling through Fzd4. The

25 Topflash construct consists of firefly luciferase under a promoter containing LEF/TCF
consensus sites that is therefore responsive to canonical B-catenin signaling. A construct
expressing renilla luciferase under a constitutive promoter is used as internal control. Cells
transfected with reporter constructs and receptors were activated with 10 nM recombinant
Norrin in the presence of exogenous TSPANI12 or vector control. 16-18 hours later, reporter

30 activity (firefly activity divided by renilla activity) was determined. Norrin-mediated
signaling was approximately 4-fold higher in cells overexpressing TSPAN12 than control
cells (Fig. 3, left panel — right panel shows that control renilla luciferase expression was the
same under all conditions). We performed similar experiments in cells where wildtype

TSPANIZ mRNA was reduced using siRNA (expression was slightly below one-fifth of
.32
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control levels) and found that Nomrin-induced, Fzd4/LRP5-mediated expression was
significantly reduced following TSPANI12 knock-down.

To further probe the specificity of the TSPAN12 effect, we conducted several
experiments where we varied the frizzled constructs and/or the ligand. First we conducted
experiments using cells transfected with the same vector expressing other frizzled constructs
(Fzd1, Fzd2, Fzd7, Fzd10), as well as Fzd4. As shownin Fig. 4, the major effect of
"TSPAN12 on Norrin-mediated Wat/B-catenin canonical signal transduction is specific to
Fzd4, with a much lesser effect on Fzd10-mediated signaling, Next we analyzed the
signaling in this assay using Wnt3a as the ligand to induce signaling. Here we found that
TSPAN12 did not significantly enhance any FZD-mediated signaling (Fig. 5). We observed

similar results using Wnt5a as the ligand.

EXAMPLE 3. TSPANI2 Is Part of the Fzd4-Receptor Complex
If TSPAN12 indeed functions during initiation of Norrin/B-catenin signaling it

would be expected to colocalize and interact with components of the receptor complex. In
order to test this possibility we transfected Hela cells with flag-Fzd4 (flag positioned
extracellularly) and HA-TSPAN12. Plasma membrane Fzd4 was detected with a flag
antibody on non-permeabilized, living cells on ice and TSPAN12 was detected
subsequently after fixation and permeabilization. This staining paradigm revealed abundant
Fzd4 expression on the surface of Hela cells. Fzd4 was not homogenously dispersed in the
plasma membrane but instead was found to be condensed in numerous punctate areas.
TSPAN12 colocalized to a large extent with Fzd4 positive punctae, and in addition occurred
in intracellular structures that were not stained by the anti-flag antibody because the anti-
flag staining was done on the cell surface without permeabilizing the cells. In contrast, CD9
and Fzd4 did not colocalize. When Fzd4 was substituted with Fzd5 and coexpressed with
TSPAN12 we found that TSPAN12 and Fzd5 were mostly separately localized {only in rare
cells that strongly expressed both proteins segregation was partially overcome).
Conditioned medium containing N-terminal alkaline phosphatase fusions of Norrin
(AP-Norrin) have been used to study Norrin-receptor interactions (Xu <t al. supra). We
transfected HelLa cells with cither Fzd4, LRPS or TSPAN12 and probed these cells with
conditioned medium containing flag-AP-Norrin. Consistent with previous reports, we found
that flag-AP-Norrin efficiently bound to cells expressing Fzd4 but not LRPS. Importantly,
Norrin also did not bind to cells expressing TSPAN12 alone (Fig. 6). In order to probe for

interactions of TSPAN12 with the receptor complex we coexpressed Fzd4, LRPS and
-33.



2.14 0.19 + 3.55 0.11 EXAMPLE 6. Generation of anti-TSPAN12 and anti-Norrin Antibodies 5We
generate anti-TSPAN12 and anti-Norrin antibodies using multiple methods. For example, we generate
antibodies by immunization and hybridoma technology. We also use syntheti%gha e antibody libraries

built on a singfd ¥AHIEREHK (humanized anti-ErbB2 antibody, 4D5) by intrgg%lnﬁm il\(/)g?g?t'fy within the

complementatly, doielyinag ECIgNS (SRS SlMEAN AT IBNLAARRSIbgeu kot Mol Bicl 40

1073-93 (20 iang et al. ‘ hem. 281: 951-61(2006)). Plate panning with nave libraries is
performed atpaimswrpisitadgees peatirenc PSRN T ariRsebifigacd bR WRsEBoFEthcRRAiPISates. After four

rounds of er&ﬂ%&%%&lﬁﬁkﬁ%ﬂ%@%ﬁ Gf'%%f!té?%§%QEE£§PQ%§@&%@%HE&%&JQQ@hagC

ELISA. The resulting hnTSPAN1Z binding clones are further screened with His-tagged murinc
TSPAN12 prostehing Nrrtrpsepsiated pacilsap ARLC S e AR s ket P4 dfiie, variable regions
of heavy anddighhehrifipiareSHpeiprasiMaridiK exressipivesigsdhaereaginaaied to express
hill-length IgG chains. Heavy chain and light chain.constructs are co-transfected i 93 gr CHO cells,
and the expreésed %ﬁfﬁmg%ﬁpﬁt}ﬁ%m‘?&ﬁ%@ﬁ fﬁ%ﬁyﬁ%ﬂw E}E%af){er%?tefﬁ)%% |hﬁ1§/%column.

Purif_ied_ antibediest arecieitedbiyer hd BAfdedbindipgrientebombinantCTEP AN 2zbreNoessedand by FACS |
for binding 2010 taple celligosexpressing elher lnoll byman TSPANL o7 myne TSPAN12 i

conjunction with or expressiiig human or murine Norrin. The antibodies-are then tested for
blocking the BRR&NGErisaritysichlbrdssoniathidteidh BRI2AIREBne diaxate WREPAgo H ew aictivity by

TSPAN12 (aégﬁéaﬁiﬁ%@w&f}ﬂmﬁéa@@% Norrinangesas signating.centiNerinanjikedies). For

affinity maturation, phage libraries with three 25different combination of CDR loops (CDR-L3, -H1, and
-H2) derived4Pond e Midedesshbetpid peiaidsusigPETYSinbe 056857 H19htbrvearsenstructed

by soft randoygizatian stipiemysse-taabearissalacietddrositiondssmdiatadieapranayild type residue or

maintained as wild type at about 50:50 frequency (Liang et al., 2006, above). High affinity clones are
then identifie¥#PFatigh Yﬂ@%‘ggﬁdgaéfj%mﬁ@)@% e panning against both human and murine
His-tagged TSPANGR prateissonithdpregressiveNointrgasechiiingelioy by TSPANI2, we

15 analyzed whether TSPAN12 can increase Norrin binding to Fzd4. For this purpose, Hela
cells were transfected with flag-Fzd4, LRP3, TSPANI2 or vector control and subsequently
probed with several dilutions of flag-AP-Norrin conditioned medium. Binding of flag-AP- -
Norriu to cells was similar in the prescnce or absence of TSPANI2 at all Norrin
concentrations tested (Fig. 9). To exclude the possibility that TSPAN12 reduced Fzd4

20 expressio'n levels but at the same time increased Notrin binding we directly determined the
expression of Fzd4 with an HRP-coupled antibody directed against the flag peptide.
Coexpression of TSPAN12 did not alter expression of Fzd4 on the plasma membrane (Fig.
10). Together, the finding that TSPAN12 does not coimmunoprecipitate with Norrin (unless
Fzd4 is present) (Fig. 7) and does not enhance Norrin binding to Fzd4 (Fig. 9) indicates that

25 TSPANI12 enhances signaling in a unique fashion. This is consistent with the functions of
severa) other tetraspanins, which typically do not directly bind ligands but instead are
thought to organize microdomains that facilitate signaling of the embedded receptors.
Therefore, we next examined the possibility that TSPAN12 facilitates the interaction
between components of the receptor complex.

30

EXAMPLE 4. Defects of Monomeric Norrin C95R Are Bypassed by TSPAN12
Norrin belongs to the subgroup of cysteine knot proteins that forms dimers via
intermolecular disulfide bonds (Vitt et al. Mol. Endocrinol. 15(5): 681-94 (2001)) and it has

been suggested that Norrin dimers can further assemble into structures of higher molecular
-34-



EXAMPLE 7. Murine Models of Ocular Disease We test the antibodies or TSPAN12 polypeptides
in mtuine models. For the murine ROP model, pups are placed in 75% oxygen (hyperoxia) for a period
of five days beginning 10at P7. At P12, the animals are returned to room air conditior&ﬁ(fno'moxia) and
maintained fwg?'?é e days (P17). Anti-TSPAN12, anti-Nortin antibo8y BFYEEARTY large

extracellular loop (e.g. Ho et al. sypra),isinjected intravi ly i nimal ltiple dose
levels and frewc? ﬂ%rtf'cqg%r%zfe ggrn%t El’){agfé%ll%lh%% ic ?ﬁﬁgzgt%e%rhn}%n@cﬁ%ﬁtﬁg@ﬂ%ﬁaﬁ?\%}énd stability.
On P17, the #ightigyeé 6 tpldresk irndtdb REMamd (HeNBitayes Mo ip luseditin/Diassals fixative. The

cornea and Iﬁg%a?mféq%y%ddé@{&'sﬁtﬁyﬁﬁéﬁm@é@@hgiﬁﬁaéﬁmméﬁ%mQo-ﬁxﬁefeﬁps are

placed in the e Iris side down, facing the sectioning surface. Sections spaced 16 microns

apart are obtsiresitethintaranpaserforafeniseiarsiation 05Hhe eecisdAeSEERStopdsceltitped with a
custom designechRuclear-algoihruiNesyassrdar fidtsniimataly asseaainaywinNGeiNid are identified

as 20regions of interest for the algorithm quantification. A minimum of %O section%\/Pv%r case, containing

neovascular Kosherar NGl o HaL B e rtirdr et oo midn ECMwRR1so test the
antibodies apd polypeatidasdn @dandinenkasetindusethehesoitial idspvasdutanzatioorinatiel. 25The

foregoing written s ec'ﬁicata)n.is co%%(iersd to be tsuf%‘g'lcie_nt.to erncabl oa%elskisllgg dier}, %fg}%_art to practice
the invention” FioWEVaH WEHEHR AN S A e ioHS S F I & TRVBSTOR T AqdHSA TS Those Shown and
described hetsininil doadipparentdzdhbgesskitied Mot &vtrfrahdtherforeloirgntibscnphighend fall
withi the Scope. gl BRRE R Sl RoHHATSAS RAIMER Rty moflotieifahA RAME2

antagonist in the manufacture of a medicament for re ng or inhibiting angiogenesis In a subject

having an odatge diserabBes(Cienditon axstdamsignafiarifogenddsR formadetansmhecseillr disease or

condition is sglected fom e.oroum ceRsistpamRicdishaticreinonathysisbridaknsavascularization
(CNV), age-related macular degeneration (AMDé_, diabetic macular edema (DME), pathological

myopia, von HippelMad&dtsdake Nostoiassmbars Grave By MBRFartiia et seitiSon (CrRVO),
branched cepf{a atinplyeiapausians(BR (). ¢asrpalnatrseviabizatand pitaatasomasoularization,

retino _athy of prematurity (ROP), subconjunctiyal he_ 1age, a hypeytensive retinorgaiéh ; and
whetgin the FEBANISAREGBHRIETS @ﬁ%ﬁ%ﬁ%ﬁﬂ?gﬁﬁg ,t;%o%%é%ﬁdécﬁg Hem BF FsPAN12,
an antﬁsensei@f_r&hi@&hﬁhiﬂs@dﬁﬁﬁm@s&ﬁbﬁiﬁNANa‘ﬁmﬂﬁﬁaijna:miﬁmme,vdﬂﬁhdplg h(.elix
antTSPANTE S TBb 8 e P e  E  d  es &
polypeptide fEagmesiirod TSRS Norrin 4fThentiséndfictdives; wiertinithiepalingapireSritpaent of
TSPAN12 comprises.an:iaceluarAemainiaf FZ5/ANd 2RP5, and the addition of TSPAN12
20 strongly enhanced this activity (Fig. 12). Monomeric Norrin C95R mutant, however, was
virtually inactive in cells not overexpressing TSPAN12, even at the highest dose of 100ng
Norrin plasmid. Consistent with the idea that TSPAN12 can bring receptors into
microdomains and allow them to situate close to each other, TSPAN12 rescued the
signaling defect of Norrin C95R mutant to a large extent. Furthermore, the addition of
25 TSPAN12 increased signaling of wildtype Norrin (Fig. 12). Together, these data indicated
that Norrin multimers and TSPAN12 each provided different means to bring multiple FZD4

molecules into close proximity, and these two mechanisms act together to elicit maximal

signaling.

30 EXAMPLE 5. TSPAN12 Enhances Receptor Clustering

We conducted a biochemical analysis of receptor clustering using the previously
described mutation FZD4-M157V, which strongly impairs Norrin/B-catenin signaling but
maintains the ability to bind Norrin (Xu et al., supra). Aided by structural information

(Dann et al. Nature 412:86-50 (2001)), the M157V mutation has been proposed to affect
.35-



5. The use of claim 3 or 4, wherein the TSPAN12 antagonist further comprises an immunoglobulin
constant region. 6. The use of claim 5, wherein the immunoglobulin.constant region is an IgG Fc.
7. The use of claim 1, wherein the medicament comprises a second antiangiogenic agent. 8. The
use of claim W%équ?ﬂsﬁ:fe second anti- anglogenlc agent is to be administ Pﬂi’f”t%’éf] subsequent

to the adminigiralion Rl INS:-7 55 ?%%%%n U¥nsequdn ﬁl{ﬁlﬂﬁn@fgz‘gﬁ\ (;)ann%{e In hs.gecond

anti-angiogenic agent is to be a mlnlstere ‘concurre tly antagonist: 10. The
use of claim Towtt@r@tunlmmmamkm@g&ﬂcs@@ﬁm&amawmg@mﬁmmﬁioﬁwyéular

erdothelal el MOMIPYGIAME GRac hieZe S AF A0 WheraiRInelodn antagonist i an

anti-Norrin antlbgﬁ/ hé use of claim 10, wherein the VEG onist is an anti-VEGF
antibody. 13TPRANSS wrepmsion fWhereserede herrievatiordafam 08§ 4DraMbrUiERRre 13404, Use of a

TSPAN12 antag0nW&Hﬁ%ﬁ]ﬁeﬂmﬂvﬁfﬁ%@ﬁ@éﬂﬁnﬂ%@@ﬂﬁg R:eeulgp digease or condition
associated with undesjred anglogene5|s in a subject, wherein the ocular disease or condition is

selected from 48 GRIGBE0HLISEng SrogiaBEte tféﬂ%ﬁ%‘?h‘?/’“%ﬁm}%86%%‘5@|§FQ8¥|W(CNV)
age-related mmﬂﬁhde@amﬁran@.mmmmmm@mma@ulﬁfvﬁdﬁﬂ]ﬁA(@WlE)Aﬂﬂﬂmlvgﬂ@@gmyopla von

H|ppelLlndaui‘.gﬁﬁ?,ﬁ?S teglza%sm@sso g&%e}{lbc emﬁal [ Ilnalc\olglgll olclzcl |on CR(?/?% ?ranched
central retinal Vein ocelusiorn (BR E)‘)n cormeal nEovascUarZation. ret n§| neovascula

retinopathy dfqléyseitarityr(ROBYnepivconjemad tiviah h@rm’ﬁknh@gm,ﬁhndiymndqnebﬁi\ferretlnopathy and
g e AN ALISIANI P AT PR YigRRRaRidaiagment of TSPANLZ,

an antisense or RNA A constr an siIRNA, a smal molec rlboz me, or a triple helix
formation num@@%’é&df’m&lémﬂ%hﬂkmgIgﬁthb%éi%ﬂdGmthﬂPmﬁéin Haites Pospling lgfedhonist is an

anti- TSPANJ&%HQQM betwekB-oPNEAISE QHARAGIAZ WD 6F SR EDESR AN 2 ANIAgORIsEMMPrises a
polypeptide fragment of TSPAN | 2. 17. The use of claim 116, wherein the Eolypeptlde fragment of

TSPAN12 cothptise¥eh dstesed itiaradaBand s pairhovn). Naminprd [SBANEEFA6 or 17, wherein
the TSPAN1zautagDinisbisthe o€ aDPISREpAN dnde unQg! PINIQ-Bmst 2td 6@I@BmEigation of

15 Norrin and TSPANI12 further increased FZD4 clustering (Figure 13B, left panels; 13C, open
bars). Intportantly, the M157V mutation severely impaired the ability of Norrin to cluster
gD-FZD4 with FLAG-FZD4, whereas coexpression of TSPAN12 compensated this defect
(Figure 13B, right panels; 13C, filled bars). Together, these data indicate that TSPAN12 and
Norrin both promote FZD4 multimerization, and suggest that initiation of Norrin/p-catenin

20 signaling requires 1) factors that promote FZD4 multimerization and 1) activation of FZD4
by ligand binding,

We next tested whether addition of antibodies that enhance FZD4 receptor clustering
could rescue the activity of FZD4-M157V. In 24-well plates, 1.6x10° cells/well were
transfected with a DNA mixture contamning B-Catenin reporter mix { Topflash, pRL-CMV,

25 and pCan-myc-lef-1), LRPS, and either FZD4 or FZD4-M157V. Twenty-four hours
following transfection, the indicated wells received 1 pg/ml of anti-LRP5/6 antibbdy. One
hour later, 125ng/ml of recombinant Norrin was added to wells as indicated. Following an
additional 16-hour incubation at 37°C, cells were lysed and Firefly and Renilla luciferase
expression was measured using Promega Dual-Glo® Reagents, Firefly luciferase values

30 were normalized to Renilla expression. The results are shown in Table 1. In cells
expressing FZD4, reporter activity is activated by ~6-fold in the presence of Norrin. When
FZD4-M157V is expressed, Notrin activation is significantly impaired to only ~2-fold.
Adding LRPS antibody partially rescues the signaling defect in FZD4-M157V by

approximately 2-fold.
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20. The use of claim 14, wherein the medicament comprises a second antiangiogenic agent. 21.
The use of claim 20, wherein the second anti-angiogenic agent is to be administered prior to or
subsequent to the administration of the TSPANI2 antagonist. 22. The use of claim 20, wherein the
second anti-%?@b‘g?ﬁﬁgﬁbent is to be administered concurrently with the %%%&W%iﬁﬁ%onist. 23.
The use of claim 20, whergi S d.anti-angiogeni nt i . ist.of Norrin or VEGF.

24. The usedé%@émﬁ%v%@%{ﬁﬁ % rlﬂ%lriéahl%gg?%g? 5|gI?3';1%?1[‘3‘aenf}fF-%I\i@grlzr??ﬁaint| Té?f 25. The use of
claim 23, WhEY&H thé ¥BGF |dwtagonististian anbield2GEvatitibadyt. DevTie=dse of claim 25, wherein the
anti-VEGF antibody iﬁﬁ%‘?{bi zumab. Dpg3a0246_P4264R1_PCT_Sequence_Listing_as_Filed. TXT
Sequence Listing <110> GENENTECcH, INC., et al. <120> METHODS FOR INHIBITING OCU] AR
ANGIOGENESIS <130> P4264R1 wq <150> U$68/0®5,757 <151> 2008-09-10 <150> US 61/103,502
<151> 2008=10-07 {150> US$ 617234519 TI5T% 29097 Gg-17 <160> 5 <ZI0> I <2IT> 305<212> PRT
<213> Homg sapiens <400>1

+ + + 751+ 041
+ 1+0.16
+ + 2.14+0.19
+ + + 3.55+0.11

EXAMPLE 6. Generation of anti-TSPAN12 and anti-Norrin Antibodies

5 We generate anti-TSPANI2 and anti-Norrin antibodies using multiple methods. For
example, we generate antibodies by immunization and hybridoma technology. We also use
synthetic phage antibody libraries built on a single framework (humanized anti-ErbB2
antibody, 4D3) by introducing diversity within the complementarity-determining regions
(CDRs) of heavy and light chains (Lee, et al. J. Mol. Biol. 340: 1073-93 (2004); Liang et al.

10 J. Biol. Chem. 281: 951-61 (2006)). Plate panning with naive libraries is performed against
His-tagged human TSPANI2 immobilized on MaxiSorp™ immunoplates. After four
rounds of enrichment, clones are randomly picked and specific binders are identified using
phage ELISA. The resulting h'TSPAN12 binding clones are further screened with His-
tagged murine TSPAN12 protein to identify cross-species clones. For cach positive phage

15 clone, variable regions of heavy and light chains are subcloned into pRK expression vectors
that are engineered to express full-length IgG chains. Heavy chain and light chain
constructs are co-transfected into 293 or CHO cells, and the expressed antibodies are
purified from serum-free medium using protein A affinity column. Purified antibodies are
tested by ELISA for binding to recombinant TSPANI2 or Norrin, and by FACS for binding

20 to stable cell lines expressing either full-length human TSPAN12 or murine TSPAN12 in
conjunction with FZD4 or expressing human or murine Norrin. The antibodies are then
tested for blocking the enhancement of Norrin-mediated, FZD4/LRPS-mediated Wnt
reporter activity by TSPANI2 (anti-TSPAN12 antibodies) or to block Norrin-induced
signaling (anti-Norrin antibodies). For affinity maturation, phage libraries with three

25 different combination of CDR loops (CDR-L3, -H1, and -H2) derived from the initial clone
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Met Ala Arg Glu Asp Ser val Lys cys Leu Arg Cys Leu Leu Tyr 151015 Ala Leu Asn Leu Leu Phe Trp
Leu Met ser lle Ser val Leu Ala 202530 val Ser Ala Trp Met Arg Asp Tyr Leu Asn Asn Val Leu Thr Leu

354045 Thr Ala Glu Thr Arg val Glu Glu Ala Val lle Leu Thr Tyr Phe 505560 Pro Val val His Pro val

Met lle Ala \M%ﬁ%ﬁéwﬁhe Leu lle 657075 lle val Gly met Leu Gly Tyr C@gTé{Wf(\?gﬁZys Arg Asn

Leu 808590 Leu Leu Leu Ala Tr r Phe Gly ser Leu Leu.val lle Phe. i 5.Val Glu Leu Ala
Cre oty val T o e S T DL S A A O 1o Lo
Lys Ala Arg metak25030Kk85Wildr tasn ayd G lyr el sires PyldArgeTripebed ThpHfscatantyp 140145150
Asn Phe Ph?L@JHg’%‘&E %8&%M)Cﬁ§gﬁy§fﬁk¥y\éﬂ;n\é§la@/ D Rentified through four rounds of

solution phase panning against both human and murine His-tagged TSPANI12 proteins with

5 progressively increased stringency.

EXAMPLE 7. Murine Models of Ocular Disease
We test the antibodies or TSPAN12 polypeptides in murine models. For the murine

ROP model, pups are placed in 75% oxygen (hyperoxia) for a period of five days beginning
10 at P7. At P12, the animals are returned to room air condition (normoxia) and maintained for
another five days (P17). Anti-TSPAN12, anti-Norrin antibody or TSPAN12 large
extracellular loop (e.g. Ho et al. supra) is injected intravitreally into the P12 animals.
Multiple dose levels and frequencies are done based on predictions determined by
antagonist afﬁnity and stability. On P17, the right-eye is placed in 4% PFA and the left-eye
15 was placed in Davidson’s fixative. The cornea and lens are removed from left eyes for -
paraffin processing and sectioning. Eye cups are placed in the block with the iris side down,
facing the sectioning surface. Sections spaced 16 microns apart are obtained and analyzed
for neovascularization using the Aperio ScanScope® equipped with a custom designed
nuclear algorithm, Neovascular tufts intimately associated with the NFL are 1dentified as
20 regions of interest for the algorithm quantification. A minimum of 30 sections per case,
containing neovascular nuclei are quantified for assessment of retinal neovascularization.
We also test the antibodies and polypeptides in a murine laser-induced choroidal

neovascularization model.

25 The foregoing written specification is considered to be sufficient to enable one
skilled in the art to practice the invention. However, various modifications of the mvention
in addition to those shown and described herein will be apparent to those skilled in the art

from the foregoing description and fall within the scope of the appended claims.



155160165 Thr Asp Trp Leu Glu met Thr Glu met Asp Trp Pro Pro Asp ser 170175180 cys Cys val Arg
Glu Phe Pro Gly Cys Ser Lys GIn Ala His GIn 185190195 Glu Asp Leu Ser Asp Leu Tyr GIn Glu Gly
cys Gly Lys Lys met 200205210 Page 1

00c320246 _P4264R1_PCT_Sequence_Listing_as_Filed. TXT Tyr Ser Phe Leu Arg Gly Thr Lys Gin
Leu Gin Val Leu Arg Phe 215220225 Leu Gly lle Ser lle Gly Val Thr Gin lle Leu Ala Met lle Leu
230235240 Thr lle Thr Leu Leu Trp Ala Leu Tyr Tyr Asp Arg Arg Glu Pro 245250255 Gly Thr Asp Gin

Met Met S UL ysASOdghASN Ser Gin His 260265270 Leu Ser Cys Pro Ser Val Glu Leu Leu Lys
Pro Ser Let Ser Arg 275280285 lle Phe Glu His Thr Ser Met Ala Asn Ser Phe Asn Thr His Phe
290295300

L. Use of a TSPAN12 antagonist in the manufacture of a medicament for
reducing or inhibiting angiogenesis in a'subject having an ocular disease or condition
associated with angiogenesis, '

wherein the ocular disease or condition is selected from the group consisting of:
diabetic retinopathy, choroidal neovascularization (CNV), age-related macular
degeneration (AMD), diabetic macular edema (DME), pathological myopia, von Hippel-
Lindau discase, histoplasmosis of the eye, central retinal vein occlision (CRVO), branched
central retinal vein occlusion (BRVO), corneal neovascularization, retinal
neovascularization, retinopathy of prematurity (ROP), subconjunctival hemorrhage, and
hypertensive retinopathy; and

wherein the TSPAN12 antagonist is an anti-TSPAN12 antibody, a polypeptide
fragment of TSPAN12, an antisense or RNA or DNA construct, an siRNA, a small
molecule, a ribozyme, or a triple helix formation nucleic acid molecule.

2. The use of claim 1, wherein the TSPAN12 antagonist is an anti-TSPAN12
antibody.

3. The use of claim I, wherein the TSPAN12 antagonist comprises a
polypeptide fragment of TSPAN12.

4, The use of claim 3, wherein the polypeptide fragment of TSPAN12
comprises an extracellular domain of TSPANT2.

5. The use of claim 3 or 4, wherein the TSPAN12 antagonist further comprises
an immunoglobulin constant region.

6. The use of claim 5, wherein the immunoglobulin constant region is an IgG
Fe.

7. The use of claim 1, wherein the medicament comprises a second anti-
angiogenic agent.
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Glu Met Glu Glu Leu 305 <210> 2 <211> 257 <212> PRT <213> mus musculus <400> 2 Met Ala Arg
Glu Asp Ser Val Lys Cys Leu Arg Cys Leu Leu Tyr 151015 Ala Leu Asn Leu Leu Phe Trp Leu Met Ser
lle Ser Val Leu Ala 202530 val Ser Ala Trp Met Arg Asp Tyr Leu Asn Asn Val Leu Thr Leu 354045 Thr
Ala Glu Thr Arg Val Glu Glu Ala val lle Leu Thr Tyr Pile 505560 Pro Val Val His Pro Val Met lle Ala Val
Cys Cys Phe Leu lle 657075 lle val Gly met Leu Gly Tyr Cys Gly Thr Val Lys Arg Asn Leu 808590 Leu
Leu Leu Ala Trp Tyr Phe Gly Thr Leu Leu val lle Phe Cys 95100105 Val Glu Leu Ala Cys Gly Val Trp
Thr Tyr Glu Gin Gl}l{'. val I\flg% %%60 3‘11 5%‘12979 7, wherein the second anti-angiogenic agent 1s to be

administered prior to or subsequent to the administration of the TSPAN12 antagonist.

9. The use of claim 7, wherein the second anti-angiogenic agent is to be

administered concurrently with the TSPANI2 antagonist.

10.  The use of claim 7, wherein the second anti-angiogenic agent is an

antagonist of Norrin or vascular endothelial cell growth factor (VEGF).

11, The use of claim 10, wherein the Norrin antagonist is an anti-Norrin

antibody.

12.  The use of claim 10, wherein the VEGF antagonist is an anti-VEGF
antibody. '

13. The use of claim 12, wherein the anti-VEGF antibody is ranibizumab.
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Val Pro Val Gin Trp Ser Asp Met Val Thr Leu Lys Ala Arg Met 125130135 Thr Asn Tyr Gly Leu Pro Arg
Tyr Arg Trp Leu Thr His Ala Trp 140145150 Asn Tyr Phe Gin Arg Glu Gly Cys Gly Lys Lys Met Tyr Ser
Phe 155160165 Leu Arg Gly Thr Lys Gin Leu Gin Val Leu Arg Phe Leu Gly lle 170175180 Ser lle Gly
Val Thr Gin lle Leu Ala met lle Leu Thr lle Thr 185190195 Leu Leu Trp Ala Leu Tyr Tyr Asp Arg Arg
Glu Pro Gly Thr Asp 200205210 Page 2

Doc320246_P4264R1_PCT_Seguence_Listing_as_Filed. TXT Gin Met Leu Ser Leu Lys Asn Asp Thr

Ser Gin His Leu S%GVS@Q&%%%’@@W&%&V@&H&% LR RLY PEMBIL AR MG e Phe Glu
230235240 His Thr Ser Met Ala Asn Ser Phe Asn Thr His Phe Glu Met Glu 245250255

treating an ocular disease or condition associated with undesired angiogenesis in a subject,

wherein the ocular disease or condition is selected from the group consisting of:
diabetic retinopathy, choroidal neovascularization (CNV), age-related macular
degeneration (AMD), diabetic macular edema (DME), pathological myopia, von Hippel-
Lindau disease, histoplasmosis of the eye, central retinal vein occlusion (CRVO), branched
central retinal vein occlusion (BRVO), corneal neovascularization, retinal
neovascularization, retinopathy of prematurity (ROP), subconjunctival hemorrhage, and
hyperterisive retinopathy; and

wherein the TSPAN12 antagonist is an anti-TSPAN12 antibody, a polypeptide
fragment of TSPAN12, an antisense or RNA or DNA construct, an siRNA, a small

molecule, a ribozyme, or a triple helix formation nucleic acid molecule.

15, The use of claim 14, wherein the TSPAN12 antagonist is an anti-TSPAN12
antibody.

16.  The use of claim 14, wherein the TSPAN12 antagonist comprises a
polypeptide fragment of TSPAN12.

17.  The use of claim 16, wherein the polypeptide fragment of TSPAN12

comprises an extracellular domain of TSPAN12.

18.  Theuse of claim 16 or 17, wherein the TSPAN12 antagonist further

comprises an immunoglobulin constant region.
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Glu Leu <210> 3 <211> 133 <212> PRT <213> Homo sapiens <400> 3 Met Arg Lys His Val Leu Ala
Ala Ser Phe Ser met Leu Ser Leu 151015 Leu Val lle met Gly Asp Thr Asp Ser Lys Thr Asp Ser Ser
Phe 202530 lle met Asp ser Asp Pro Arg Arg Cys Met Arg His His Tyr val 354045 Asp ser lle Ser His
Pro Leu Tyr Lys Cys Ser Ser Lys met Val 505560 Leu Leu Ala Arg Cys Glu Gly His Cys Ser Gin Ala
Ser Arg Ser 657075 Glu Pro Leu val Ser Phe Ser Thr val Leu Lys Gin Pro Phe Arg 808590 Ser Ser
Cys His Cys cys Arg Pro Gin Thr Ser Lys Leu Lys Ala 95100105 Leu Arg Leu Arg cys ser Gly Gly Met

Arg Leu Thr Ala T%.Tyr The use of claim 18, wherein the immunoglobulin constant region is an IgG

Fc.

20.  The use of claim 14, wherein the medicament comprises a second anti-

angiogenic agent.

21.  The use of claim 20, wherein the second anti-angiogenic agent is to be

administered prior to or subsequent to the administration of the TSPAN12 antagonist.

22.  The use of claim 20, wherein the second anti-angiogenic agent is to be

administered concurrently with the TSPAN12 antagonist.

23.  The use of claim 20, wherein the second anti-angiogenic agent is an

antagonist of Norrin or VEGF.

24.  The use of claim 23, wherein the Norrin antagonist is an anti-Norrin

antibody.

25.  The use of claim 23, wherem the VEGF antagonist is an anti-VEGF
antibody.

26.  The use of claim 25, wherein the anti-VEGF antibody is ranibizumab.
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110115120 Arg Tyr lle Leu Ser Cys His Cys Glu Glu Cys Asn Ser 125130 <210> 4 <211> 131 <212>
PRT <213> Mus musculus <400> 4 Met Arg Asn His Val Leu Ala Ala Ser lle ser Met Leu Ser Leu
151015 Leu Ala lle met Gly Asp Thr Asp ser Lys Thr Asp Ser Ser Phe 202530 Leu met AS Ser Gin
Arg Cys Met Arg His His Tyr Val Asp Ser 354045 lle Ser His Pro Leu T]_)gﬁbys Cji_ys Ser Ser Lys Met Val

Leu Leu 505560 Ala AR EYE eGP 15 CTE-SEIENT deh S5 Mo Sel ‘G Pr0' 657075 Leu val Ser

Phe Ser Thr Val Leu Lys Gin Pro Phe Arg Ser Ser Page 3 Doc320246 80
<110> GENENTECH, INC., et al.

<120> METHODS FOR INHIBITING OCULAR ANGIOGENESIS
<130> P4264R1 WO

<150> Us 61/095,757
<151> 2008-09-10

<150> Us 61/103,502
<151> 2008-10-07

<150> us 61/234,519
<151> 2009-08-17

<160> 5

<210> 1

<211> 305

<232> PRT

<213> Homo sapiens

<400> 1
Met Ala Arg Glu Asp Ser val Lys Cys Leu Arg Cys Leu lLeu Tyr
1 5 10 15

Ala Leu Asn Leu Leu Phe Trp Leu Met Ser Ile Ser val Leu A;%
20 25

val Ser Ala Trp Met Arg Asp Tyr Leu Asn Asn val Leu Thr Leu
35 40 45

Thr Ala Glu Thr Arg val Glu Glu Ala val ITe Leu Thr Tyr Phe
50 55 60

Pro val val His Pro val Met Ile Ala val Cys Cys Phe Leu Ile
65 70 75

Tle val Gly Met Leu Gly Tyr Cys Gly Thr val Lys Arg Asn Leu
80 85 90

Leu Leu Leu Ala Trp Tyr Phe Gly Ser Leu Leu val Ile Phe Cys
95 100 105

val Glu Leu Ala Cys Gly val Trp Thr Tyr Glu GIn Glu Leu Met
110 115 120

val pPro val Gln Trp Ser Asp met val Thr Leu Lys Ala Arg Met
125 130 135

Thr Asn Tyr Gly Leu Pro Arg Tyr Arg Trp Leu Thr His Ala Trp
140 145 150

Asn Phe Phe GIn Arg Glu Phe Lys Cys Cys Gly val val Tyr Phe
155 160 165

Thr Asp Trp Leu Glu Met Thr Glu Met Asp Trp Pro Pro Asp Ser
. 170 175 180

Cys Cys val Arg Glu Phe Pro Gly Cys Ser Lys Gln Ala His Gln
185 190 195

Glu Asp Leu Ser Asp Leu Tyr GIn Glu Gly Cys Gly Lys Lys Met
200 205 210

Page 1



_P4264a_PCT_Seguence_Listing_as_Filed. TXT 8590 Cys His Cys Cys Arg Pro 95 Leu Arg Cys Ser
Gly Gly 110 lle Leu Ser Cys His Cys 125 <210> 5 <211> 14 <212> PRT <213> Homo sapiens Gin
Thr Ser Lys Leu Lys Ala Leu Arg 100105 Met Arg Leu Thr Ala Thr Tyr Arg Tyr 115120 Glu Glu Cys

Ser Ser 130
DoC320246_P4264R1_PCT_Sequence_Listing.as_Filed.TXT
Tyr Ser Phe Leu ggg Gly Thr Lys Gln 553 GIn val Leu Arg 522

Leu Gly ITe Ser ITe Gly val Thr Gin Ile Leu Ala Met Ile Leu
230 235 240

Thr I1e Thr Leu Leu Trp Ala Leu Tyr Tyr Asp Arg Arg Glu Pro
245 250 255

Gly Thr Asp GIn Met Met Ser Leu Lys Asn Asp Asn Ser Gln His
260 265 270

Leu Ser Cys Pro Ser val Glu Leu Leu Lys Pro Ser Leu Ser Arg
275 280 285

ITe Phe Glu His Thr Ser Met Ala Asn Ser Phe Asn Thr His pPhe
290 285 300

Glu Met Glu Glu Leu
305

<210> 2

<211> 257

<212> PRT

«<213> Mus musculus

<400> 2
Met Ala Arg Glu Asp Ser val Lys Cys Leg Arg Cys Leu Leu Tyg
1 5 1 1

Ala Leu Asn Leu Leu Phe Trp Leu Met Ser Ile Ser val Leu Ala
20 25 30

val Ser Ala Trp Met Arg Asp Tyr Leu Asn Asn val Leu Thr Leu
35 40 45

Thr Ala Glu Thr Arg val Glu Glu Ala val Ile Leu Thr Tyr Phe
50 55 60

Pro val val His Pro val Met Ile Ala val Cys Cys Phe Leu Ile
65 70 75

ITe val Gly Met Leu Gly Tyr Cys Gly Thr val Lys Arg Asn Leu
80 85 90

Leu Leu Leu Ala Trp Tyr Phe Gly Thr Leu teu val Ile pPhe Cys
95 100 105

val Glu Leu Ala Cys Gly val Trp Thr Tyr Glu GIn Glu val Met
110 115 120

val Pro val Gln Trp Ser Asp Met val Thr Leu Lys Ala Arg Met
125 130 135

Thr Asn Tyr Gly Leu Pro Arg Tyr Arg Trp Leu Thr His Ala Trp

140 145 150
Asn Tyr Phe GlIn Arg Glu Gly Cys Gly Lys Lys Met Tyr Ser pPhe
155 160 165

Leu Arg Gly Thr tys GIn Leu Gln val Leu Arg Phe Leu Gly Ile
170 175 180

ser Ile Gly val Thr 61ln *le Leu Ala Met Ile Leu Thr ¥le Thr
185 190 195

Leu teu Trp Ala Leu Tyr Tyr Asp Arg Arg Glu Pro Gly Thr Asp
200 205 210
Page 2



<400> 5 Cys Arg Arg Glu Pro Gly Thr Asp Gin Met Met Ser Leu Lys 510

Doc320246_P4264R1_PCT_Sequence_Listing_as_Filed.TXT

Gln Met Leu Ser Leu Lys Asn Asp Thr Ser GIn His Leu Ser Cys
215 220 225

His Ser val Glu Leu Leu Lys Pro Ser Leu Ser Arg ITe Phe Glu
230 235 240

His Thr ser Met Ala Asn Ser Phe Asn Thr His Phe Glu Met Glu
245 250 255

Glu Leu

<210> 3

<211> 133

<212> PRT

<213> Homo sapiens

<400> 3
Met Arg Lys His val Leu Ala Ala Ser pPhe Ser Met Leu Ser Leu
i 5 10 15

Leu val I7e Met G;y Asp Thr Asp Ser Lys Thr Asp Ser Ser ng
0 25

Ile Met Asp Ser Asp Pro Arg Arg Cys Met Arg His His Tyr val
35 40 45

Asp Ser Ile Ser His Pro Leu Tyr Lys Cys Ser Ser Lys Met val
50 : 55 60

Leu Leu Ala Arg Cys Glu Gly HWis Cys Ser Glin Ala Ser Arg Ser
65 70 75

Glu Pro Leu val Ser Phe Ser Thr val Leu Lys GIn Pro Phe Arg
80 85 90

Ser Ser Cys His Cys Cys Arg Pro GIn Thr Ser Lys Leu Lys Ala
95 100 105

Leu Arg Leu Arg Cys Ser Gly Gly Met Arg Leu Thr Ala Thr Tyr
110 115 120

Arg Tyr Ile Leu Ser Cys His Cys Glu Glu Cys Asn Ser
125 130

<210> 4

<211> 131

<212> PRT

<213> Mus musculius

<400> 4 )
Met Arg Asn His val Leu Ala Ala Ser Ile Ser Met Leu Ser Leu
1 5 10 15

Leu Ala Ile Met Gly Asp Thr Asp Ser Lys Thr Asp Ser Ser Phe
20 25 30

Leu Met Asp Ser Gin Arg Cys Met Arg His His Tyr val Asp Ser
35 40 45

Ile Ser His Pro Leu Tyr Lys Cys Ser Ser Lys Met val Leu Leu
: 50 55 60

Ala Arg Cys Glu Gly His Cys Ser GIn Ala Ser Arg Ser Glu Pro
65 70 75

Leu val Ser Phe Ser Thr val Leu Lys GIn Pro Phe Arg Ser Ser
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85 90

Cys His Cys Cys Arg Pro Gln Thr Ser Lys Leu Lys Ala Leu Arg
95 100 105

Leu Arg Cys Ser Gly Gly Met Arg Leu Thr Ala Thr Tyr Arg Tyr
110 115 120

Ile Leu Ser Cys His Cys Glu Glu Cys Ser Ser

125 130
<210> 5
<211> 14
<212> PRT
<213> Homo sapiens
<400> 5
Cys Arg Arg Glu Pro Gly Thr Asp Gln Met Met Ser Leu Lys
5 10
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