METHODS FOR | NHI Bl TI NG OCULAR ANG OGENESI S RELATED APPLI CATI ONS Thi s
application clains benefit under 35 USC 119(e) to United States provisional
appl i cat iwo 2nwni3es1361/ 095, 757, fil ed Septenber 10, 2008pcionist@d/oSisat es
provi si onal application nunber 61/103,502, filed Cctober 7, 2008; and
United States provisional application nunber 61/234,519, filed August 17,
2009, the contents of each of which is incorporated herein by reference.
FI ELD OF THE | NVENTI ON The present invention relates generally to
conpositions and nethods that are useful for treatnent of conditions and
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avail able in
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, ¢.g., diabetic
retinopathy, retinal vein occlusion (RVO), wet age-related macular degeneration (AMD),
neovascular glaucoma, immune rejection of transplanted corneal 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



m ce knocked out for the correspondi ng honol ogous genes. Despite the many
advances in the field of ocul ar angiogenesis, there remains a need to
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extracel lul ar donmai n such as the second extracellular |oop. In sone
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20 In one aspect, the invention provides a method of reducing or inhibiting
angiogenesis in a subject having an ocular disease or condition associated with
angiogenesis, 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,
25 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: diabetic retinopathy, choroidal neovascularization (CNV), age-related
macular degeneration (AMD), diabetic macular edema (DME), pathological myopia, von
30 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

hypertensive retinopathy.
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In some embodiments, the second anti-angiogenic agent is an antagonist of VEGF, e¢.g. an
anti-VEGF antibody such as ranibizumab.
In another aspect, the invention provides a method of treating an ocular disease or
condition associated with undesired angiogenesis in a subject comprising administering to
25 the subject a TSPAN12 antagonist. In some embodiments, the TSPANI12 antagonist is an
anti-TSPAN12 antibody. In some embodiments, the TSPAN12 antagonist comprises a
polypeptide fragment of TSPANI12, including an extracellular domain such as the second
extracellular loop. In some embodiments, the antagonist further comprises an
immunoglobulin constant region, ¢.g. an IgG Fc. In some embodiments, the ocular disease
30 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, BRVO, corneal neovascularization, retinal neovascularization, ROP,

subconjunctival hemorrhage, and hypertensive retinopathy.
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TSPANLZ, Iin ggrlnlél %irnr‘t])gdi%]en?s),( t“ihreaé%c(?olnldualniiitangiogenic agent is an antagonist of VEGF, e.g. an
anti-VEGF antibody such as ranibizumab.
In another aspect, the invention provides a method of producing an antibody using a
peptide consisting essentially of amino acids CRREPGTDQMMSLK (SEQ ID NO: 5). In
25 some embodiments, the method comprises 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. In some embodiments, the invention
provides antibodies generated by any such method. In some embodiments, the invention
provides a method of detecting TSPAN12 using any such antibodies.
30 In another aspect, the invention provides in vitro and in vivo methods of inhibiting
FZD4 multimer formation comprising administering a TSPAN12 antagonist. In another
aspect, the invention provides 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-TSPANI12 antibody. In some embodiments, the TSPAN12
4-
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FIGURE 1 shows representative Retinopathy of Prematurity (ROP) retinal sections
for wildtype (top) and TSPAN12 knockout (KO) mice (bottom).
FIGURE 2 shows quantitative results of the number of neovascular nuclei observed
20 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.
25 FIGURE 5 shows that TSPAN12 does not enhance Wnt3a-mediated signal
transduction.
FIGURE 6 shows that Norrin binds to Fzd4 but not to LRP5 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
30 TSPANI12.
FIGURE 8 shows that TSPAN12 does not associate with LRPS.
FIGURE 9 shows that TSPAN12 does not enhance Norrin binding to Fzd4.
FIGURE 10 shows that coexpression of TSPANI12 does not alter expression of

Fzd4 on the plasma membrane.



Fzd4 on the plasma nenbrane. FI GURE 11 shows the higher order structures
formed by wildtype Norrin and C95R nutant Norrin. FIGURE 12 shows t hat
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Norrin. FIGURE 13 shows that TSPAN 12 regul ates FZD4 clustering during
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refer to a pol ypeptide having the am no acid sequence of a TSPAN 12 or
Norrin pol ypeptide derived fromnnature, regardless of its node of
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or any otidiniGeeci es. A full-length human TSPAN 12 am no acid sequence is:
MAREDSVKCLRCLLYALNLLFW.MSI SVL AVSAVWRDYL NNVLTLTAETRVEEAVI LTYFP
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As used herein, the terms “TSPAN12,” “TSPAN12 polypeptide,” “Norrin,” and

“Norrin polypeptide” refer to a polypeptide having the amino acid sequence of a TSPAN12
or Norrin polypeptide derived from nature, regardless of its mode of preparation or species.
Thus, such polypeptides can have the amino acid sequence of naturally occurring TSPAN12

20 or Norrin from a human, a mouse, or any other species. A full-length human TSPAN12
amino acid sequence is:

MAREDSVKCLRCLLYALNLLFWLMSISVLAVSAWMRDYLNNVLTLTAETRVEEAVILTYFEP
VVHPVMIAVCCEFLIIVGMLGYCGTVKRNLLLLAWYFGSLLVIFCVELACGVWTYEQELMVP
VOWSDMVTLKARMTNYGLPRYRWLTHAWNEFFOREFKCCGVVYFTDWLEMTEMDWPPDSCCV

25 REFPGCSKQAHQEDLSDLYQEGCGKKMY SEFLRGTKQLOVLRFLGISIGVTQILAMILTITL
LWALYYDRREPGTDOMMSLKNDNSQHLSCPSVELLKPSLSRIFEHTSMANSENTHFEMEEL
(SEQ ID NO: 1).

A full-length mouse TSPAN12 amino acid sequence is:

30 MAREDSVKCLRCLLYALNLLEWLMSISVLAVSAWMRDYLNNVLTLTAETRVEEAVILTYFEFP
VVHPVMIAVCCFLIIVGMLGYCGTVKRNLLLLAWYEFGTLLVIFCVELACGVWIYEQEVMVP
VOWSDMVTLKARMINYGLPRYRWLTHAWNYFQREGCGKKMY SFLRGTKQLOVLRFLGISIG
VIQILAMILTITLLWALYYDRREPGTDOMLSLKNDTSQHLSCHSVELLKPSLSRIFEHTSM

ANSFNTHFEMEEL (SEQ ID NO: 2).
35

A full-length human Norrin amino acid sequence is:

MRKHVLAASFSMLSLLVIMGDTDSKTDSSFIMDSDPRRCMRHHYVDSISHPLYKCSSKMVL
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A full-length human Norrin am no acid sequence is:

MRKHVLAASFSM_SLLVI MEGDTDSKTDSSFI MDSDPRRCVRHHYVDSI SHPL YKCSSKMWLLARCEGHCSQASRS
EPLVSFSTW BQPRRSBIBICCRPQI SKLKALRLRCSGGVRLTATYRY | LSCHCERCRES¢®RQ5ISEr NO:.  3) .
A full-length nmouse Norrin am no aC| d sequence i s: NMRNHVLAAS

| SMLSL L AIIMEDTHISKIS: SSHEEIDSQROVRHRODIR 4 SHREOKCH SKMMATLEX RCSGGMRLTATYRY
RCEGHCSQASRSERLMSRET IRS;S@-)ICCRPQT SKLKALRLRCSGGVRLTATYRYI L SCHCEECSS
(SEQ ID NO 4). Such TSPAN12 or Norrin polypeptides can be isolated from
nature or can be produced by reconbi nant and/or synthetic neans. "Isol ated"
in referehddl- temgmrpmhsy@‘é})tihdmiHIEMS¢QMCeiiS has been purified from an

nat ral ds and
purd 1 ed, Pﬁgm"f%sf @W%@iﬂ%@%ﬁ%iﬁméwﬁ%
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5% pref YEBIEEG EQEANGD ) 2% nore preferably |ess than about 1% even
nore preferably | ess than about 0.5% nost preferably | ess than about 0.1%

contam nati on W souy.ce. prot eins, The .ter oni is used in
The. broadest  suiber SRz 3R e APt HPE tenkP il FRE Pyl of JefyR

bl ogks, ipbditled By r@oniberink ahd/8eynthcht @lcagd. cal activity of a pol ypepti de.
For exanple, an antagoni st of TSPAN 12 or Norrin would partially or fully
bl ock, i nhi bi t Isodgtedieptrefgrangeta molmntld@gm@ﬂs thapihRastees puried fram an
transduc o]

vessel fglraarrjl[altr Llsghltcie%tr ? ﬁw&{l ?eﬂg% §§rg% a%? gﬁtoo Egg?[het mgtﬂ Qgsﬁls gjqﬁll?%ic%

i ncl ude a‘lphﬁﬁ&mIﬁly@pﬁd@ﬁ;d;lubﬁaﬁ[all@I’ftdebﬁd’shef pelgp®iidss orfp@gd&nt Subgtalamllnyo

acid sequence variants of a native TSPAN 12 or Norrin pol ypepti de,
pept i des, oG5 BEANS Mphdtnabgpt SF/snﬁRff@b&f lepgthan Abeud 2/@@@15@ aFe(f@?bIYA% sense

RNAS, 1 l}ﬁaz,ryéﬂ?o%t I‘BN&en rﬁ&%lplre o g&ﬂ%% ﬁ%r lt@%%, dst Ilg?éer%SE Han about

identifying antagonists of a rin polyp ptlde nmay conprise
cont acti r@l%henfﬁﬁiﬂmlbﬁvath Nherrsonrqe@lrgtpmptl de with a candi dat e ant agoni st

| ecul d t bi ol
et Vit s nor TP SEBERAY o Wi 1 (0 Brog0r) at 08 inchaies AL ReBRuRdbty i ¢ y»
for the PuFROSSS B Blobks, alhesis, &onefu%nie@)at%log%a%%t%f&\pa?péptml gh retain

a biol ogical and/or an irmunol ogi cal acti vi '{% wherei'n "bi ol ogi cal "
activity axefptes an entagdyisloddiSEAN 12.om Storam woaldsredtiddly orSpidwbIbgk.anhigret n ot her

.t. Ih %EUEQF 6%?1%%1:1%@%%% %ﬂ?le’? Wg&? ]Sj) éﬁg(l?{ﬁltgl tggraﬁ%dtuce or 1n1t1atPeOﬂerm 1nduced

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 TSPAN12 or Norrin co-receptor(s), antisense RNAs, ribozymes, RNAi, 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 purposes herein refers to form(s) of TSPAN12 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 TSPAN12
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.
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to induce the production of an antibody agai nst an antigenic epitope
possessed by TSPAN12 or Norrin. Principal biological activities of TSPAN12
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(H chains. Each light chain is linked to a heavy chain by one coval ent
di sul fi dechoid, whil e the nunber of disulfide |inkages varies anong the

h hai ifferent i lin.isot. ._Each i ght
chai b al'20 has Nyt ST, ARURRAN Rt i hY Bk RRH TR BRI Ponyy
chai n hasjagtbnQBempoEddf Wad idehtieal GighBiL) chdng addoiwooiderticayhaavi YD efainy
constant domains. Each |ight chain has a variable domain at one end (VL)
ant a cor%qcarhltghti@wmqhakec? tost e ehain @y oppeovadend disntiidgdbensd iviyte thpaumpeyht

hain i i . ; . . _ i 4 th
cal | IR DR Lt RSN ARGl A SRR BRI the
heavy chédiath hParstdnclulghe claim algo aed @deulady dpesd atter-dhain dvdeide bridgasmEach

interface between the |light- and heavy-chain variabl e domai ns. Papain
di gest i omeBYY Sk Bt ese 519%%1 M%‘}?g)kt %nila &Rl %&vaaﬁ% by Q_élﬁmg’?h@'ﬁp H0gsiFrlagnent s,
called "Faify QRNGR cafOhsW\aRaRle Al AL LARIYBlAdL M8nRhd Ronfifhd

residual "Fc" fragment, whose nanme reflects its a ity to crystallize
rebdi | y. iBepldirendrtbatomstant yomhioofalne lghalohdin 25 dlrgngdrenth thhfitst basstanidomain

ant i gen- cqubi ni n i.tes d.i.s still .capable.of cross-1linpkin nt,igen. "Fv"
s the manRUAREMIBAPIPSBR Phar R AomRi ™ 4Rt ik BeahtipdEoman
recogni t i @ih@RdvPchshNasichBr anhiHoSacle@bidReCROBEIRSd &f foRmGinTRirf@ée One heavy
chain and one light chain variable domain in tight, non-coval ent

associ at ibsfveeniibe Fgly- andilpasmichainyerigdadainamst he const ant donmai n of the

O hal ey L3k of PRBAAR  QURLTab o Rl b IR PRI

t heo car bagibd tRIbMiffigieafs, §4tB Wity yingbahtgdatdin@iap®itd) and a residual “Fc”
fragment, whose name reflects its ability to crystallize readily. Pepsin treatment yields an
F(ab’), fragment that has two antigen-combining sites and is still capable of cross-linking
antigen.

“Fv” is 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 light 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 CH1 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.
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t hereof . Exanpl es of anti fragnents include Fab, Fab', F(ab') 2, and Fv
fergrrent iffe mﬁ@tqéﬁsﬁﬁﬂﬂﬁwoé@wwr%‘@ nOEé[@ used herein ref ers to an

anti body obt ai. u ial e
ant i bodi es, .J}\%qlb{)%gﬁ?%a?@?d%ﬁﬂ%%t ﬂ%ﬁ%ﬁg@aﬁﬁpr |é?{ﬁgt%g %e H]I?lgtr on are
i dent i calanagerelmhdlﬁlgror pmaﬂalé)ﬂ@mmattlwradﬂ VExampLs foif agﬂmaltya“tagﬁmatstlhatlddmab be

present in_ m Ror ar%u a I\/bnocl onal antibodies are highly specific, being
di r ect ed Ehaifdl a2 888FiP-geni c site. Furthermore, in contrast to

conventional (HRlyeh %Qﬁc)clo"rﬁtl h&?@dﬁg %@%@P %fe%‘r%fér? & ad ¥RI6E) bbftain’é& Irgele

different antibodi es directed agai ferent determ nants (epitopes),
eath nonaccpapubitionnf Blﬂmdlyltlaﬁ;y hbmegmemsaeglabu@bs aesthwghéwdmabam”bndum on the
antigen. The no onal." indic tes Hﬂe charact er t he. ant i body

as being A T R 0&5’1‘5%‘[‘1%?935?’(‘%?% FBg %a%tuﬁélermca‘frrlaa myfations

ant i bodi afat AYbd Freftt it Midde aﬁ@ﬁ@t& r Nﬁ#ﬁoé‘l%nél%ﬂtibdidlé@ar@ hRUESJBificObeifih e
anti body by any particul ar nethod. For exanple, the nonoclonal antibodies

to be usetrecigd ageinstdamiesic antidenicrietep Fagkermorqve paritisAt tewpnyationdle by t he
N I O I 1495,01975), or
4, 816, 56 Qpaindhdffermandstaiiadnta@pitbnd), @ach ﬁ@ﬂocﬂd)ﬁ?a@ albteoddgraé divated dgamsphage
ant i body 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
1S not to be construed as requiring production of the antibody by any particular method. For
example, the monoclonal antibodies to be used in accordance with the present invention
25 may be made by the hybridoma method first described by Kohler et al., Nature 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 et 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.
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antlbodyvvl np esubtantlally all of at least q d typically
var .faﬁh (RO 0Y RCT oG %ﬁflergbﬁfgqlm'«}%qdfna{;@dwk qoanprise
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setfuence.suli§tenthuliyailiof ¢l laypeiaddylc opiomnairicypaldso thast bf ¢ oophingen at | east a

ortion af an 0 | i n.const r cally that of a

P oran | e Bos B Pe Ry of SFRRr R LB PR b ThovslotBintEintat ure 901

1 522- 525 ifnh986klobReh §$uﬁem etheHumahiBll ﬁﬁu&%@ o%agna?@%liol&ﬁﬁaomﬁﬁe aPlegsitad
Curr. Op. Struct. Biol. 593-596 (1992). used herein, "treatnent” is an

appr oach rogtiorowfiaa 1mrmglogl@:’@@hn éﬁ)l&ltan(bfegd@lsGFledymcalm thatlofradwians.  For pur poses
o BB bl uhed Gtk E sl B e
stapi | | zekiflim®m, er BDINAMIEL S DI3NG)329 [ BISS): ca‘nddirése@sem el siyudrBisl. Qg a3 9Bt
di sease p(rlgngrfSSi on, anelioration
As used herein, “treatment” is an approach for obtaining beneficial or desired
clinical results. For purposes of this invention, beneficial or desired clinical results include,
but are not limited to, alleviation of symptoms, diminishment of extent of disease, stabilized
25 (i.e., not worsening) 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 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 prophylactic 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-



or palliation of the disease state, and rem ssion (whether partial or
total), whether detectable or undetectable. "Treatnent” is an intervention
per f or medwi2oto/a3b&13i nt enti on of preventing the devel opmeot/useotlosesst ng t he
pat hol ogy of a disorder. Accordingly, "treatnent” may refer to therapeutic
treat nent or piChpdnit’aeinidisabti@r e¥enteddnviaisredalioftiic addnaSeini a’lcdih&ﬁﬁblmf
treatnment include those already with the, disorder @?s well as_th whi ch

the di sorfBe4e 35OPPesegdo pp é%ﬁfr@ée sge &9 mapdin ghe kil thegapentinetfors C&mt ct 1y
prevent, 15} Qﬁ’\é}g@rﬁﬁngreng& Q?ﬁ S e[y 'it%%’ € ﬁlsgﬁt?(lﬁp scﬁ%ﬁtn?éc tanLk sLHo"flr

degeneratl on or such as the pat ho tunor ce I'n cancer
t r eat nentconsacutiegly demﬁj‘erthdzdténtelehlbtmnnbmtera‘dnasls@pcludmhelatwet reatment by ot her

t her apeutic ag Ls ) oni c istration refers a ni tratlon of the
ageht (s) in a TR eSO BhSEAN ekt Febele il Sedit a0

mal ntain ﬁebeas'cmahkaiont NREAPRY oF ftBbEAG ndoedcuMt HikbaskOMmcRidc Btk @RARA peri od

of tinme. "Intermttent"” admnistration is treatment that i s not

consecut | lueﬂtqd tdomellﬁarath@uttlnm@msumlu@ng phliferatyhdipbdtis retympathys ghateidak e.  An

"intraocul ar Qv.as i seas s . a d| ease ch r e u ar
neovasculsprsarre Aob R B R Padudl SEOR By PATATRR it Sl LSRR M e,
but are ﬂ@dhehnmemad te@inopdtRies, fdedbatit wRcilet éORADMER amldg@banﬁly@plal vdrer ati ve
di abetic retinopathy, choroidal neovascul arization (CNV), age- related

matl ar déigedleriagdauntisqaap/bystop]papsts of thxeyco tensral reélélhle\fﬁnawémsmre@R
reti “Opatﬁ}%;?cﬁed Qéxﬁﬁﬁétﬁﬁf%?ﬁlL?cﬁus?&e@\@@’%hmem{eﬁ%s%ﬂ aﬁ§+tldﬁy f’e?*ng VO.”
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neovascul ari zation, .retinal neo scul ari zati on, % Bopat hy of prematurity
(ROP), suUbBBHFUHETFIRAPa RS r7IRAGE; amHHrR gyl BEISRGPE S,
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result fromgenetic nutationhs I n any of Norrin, TSPAN12,” Frizzled-4 or
LRP5 ge ndsRPﬂZgnneexEmﬂxempb:n an nitraaoder Imovmulaadmadsarof dlesea@mOofpretfhebly

i nvention p | udes FEVR and Norrie di sease. The "pathol ogy" of a
di sease |et’f8 éﬁ\g |an§ﬁ\§%%ﬁgﬁ8 *fhat conproni se the wel |l being of the

patient. Adm nirtpathbRiEy” bha a@mbn@e%&@ a (p%@norf?éiﬁ R4t CBRIpPorhidé tHABKcll-
therapeutic agents includes sinultaneous (concurrent) and consecutive

adni ni st rbeitigor thapatiept.order. "Carriers” as used herein include

phar maceuti cal ahl e carriers, excipients r tabI|IZGI’S whi ch are
Pont oxi ot ot HeTREFTRBbE kel St S6s BTt rely BRI GEeRses and

copgent r dhélois semltaeess (cohdernt)had pbxy@bmmgidﬁﬁﬂnlsuatmqa phabter.carrier is an
aqueots “Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cell or mammal being exposed thereto at the dosages
and concentrations employed. Often the physiologically acceptable carrier is an aqueous
pH buffered solution. Examples of physiologically acceptable carriers include buffers such
25 as phosphate, citrate, and 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.
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pH buffered sol ution. Exanples of physiologically acceptable carriers
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nonosacc HYetheds forgarsipg apt thednveiHipot her car bohydr at es i ncl udi ng gl ucose,

mannose, or d LS [ -t £ . A . such as
Ple %ilg‘ﬁl;onsa t1?%hﬁ‘ﬁcﬁﬁﬁmfs‘m§d§?):ﬁg2§01§§_ﬁ}\Nﬂ'Q?No’?l‘lﬁoﬂﬁgﬁ%r

manni tol or sorb orm ng count as sodium an
noni oni ¢ sur f frrening sk fasanfANBRNG dmz capditiytet drgldesienagl tp addntif PE@E pouadsl

PLURONI tm.. , A "small " is,defined herein to have a nol ecul ar

wei ot bAMRALB AT WA 0 SRS R BBl O PN PHORRTon
Pr epar at i+1g&ir 8 ityGaBlot {Ht&atidwRl o @@ﬁ[&r?&&eiﬁﬁ. TSPAN12 or Norrin activity
Screeni ng assays for antagoni st drugﬂ_candl ates are designed to identify

conpounds t hatSmilhaotscules maly dirvenihe labifigPinect 2s §BP A 2 on Npviny prapgongésandor
otherwi se, interfere wi.th, thekr activity and/or interaction wth other

el Tul ar bbb Tt BEAL, RE Sl WRDEL R g LuRIRE AP Galll bEUBRREL oy 15
or Norri nnaitragenilsd, SyxﬁnaidchF@n& 6r BrdahRrRR{UH @R Ndpeps&dsU Howweh ssanl |

nol ecul es may include naturally occurring small nol ecul es, synthetic

or ani ¢ drolegidesyathe Piseans BUKALOLIE npelmitebty, thessferey  Exiprsiye lspesfifes in

the pr esesﬂ{alui rﬂéflﬁgﬁlésoﬂe b Gnd2Phially abifle %Rﬁiw}?&eevin%'ig@%sgaé&@geﬂaé ;'h%feﬁrg;isgi .

of small nolecul'es are commerci-ally available an
ar e taughir arewell Rn®wn ar the wgltd sdeoawhesembloeulas for tie dsirakactivitgse nol ecul es
for the desired activi t%{. In so enbo%ieTr?nts smal | . mol ecu|l e TSPAN 12 or

Norrin ant agorlispe spbofligmsnts, pnalh majeculrel PRI T PEYORB AHAEOBISES e or nore
of the biiglilicadly dak hnklidy G5nRbit ImEANndR RindWibloafbal JtSic of FREBAAAD Gy

conmpound I's contacte TSPAN 12 or Norrin and a biological activity of
TSPAN 12 NerriNoThisa candidencaspend edcontartaneite FTEBANTErtr Nomen atd & biojogidal TSPAN

12 or Norrij.n. to ce.or.initiate Norr.in-nediat.ed sjignaling.is
2 sossod e A LSRRI SN Ghin F i S Th O ERb SRR B b5 ogi cal
activity mfpARSPAN NerRto Nah§dule bSinitiHd Nbﬁﬁﬂme@ﬁf&%@ﬁﬁn% feRtdsédded as TSPAN

12 or Norrin antagonists may be used in the nethods of the present
i nvent i orronfpornéieadpitdicd EsPrpntagorast ilre tha baregigdmiciyisy efalSHeN IS edNewint r eat
intr aoculig{nh@belpe\égscul ar di sease.

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 /nvest.

25 Ophthalmol. & 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 TSPAN12 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 in Example 2, but

other methods will be readily apparent to one of ordinary skill in the art. Exemplary
-12-



A variety of well-known ani mal nodels (including, e.g., nodels of

reti nopathy of prematurity and | aser-induced choroidal neovascul ari zati on;
Rui z- Ederwio&oMensisman | nvest. Ophthal nol. & Vis. Sci. 48@CO)us2ei8026530
(2007), Yu et al. Invest. Ophthalmol. & Vis. Sci. 49(6): 2599-605 (2007))
can be usadbbddicd inchude polytidasls trmndclbing, iumhahidl, TiSRANIC and hd¥oroconjugdic t he
devel opnent_ and pat hogenesi s  of int aoculf@r neovascul ar di sease, and to

test the BfpPUghheRapIRitehiehsdgpdieibeedent s, i ncl udi ng anti bodi es and
ot her ant agoni : : : i I u

smal | - nol ecul e&g?\()tog g%lﬁl&%ﬁudﬁﬁgﬁkﬂjgic‘%le%g’tiﬁ?gng? h%‘ﬁ%ﬁgshg%%ﬁﬁa (Ialgﬁt hem
parti cul aompeptiedbioting@swafs, despomdesdirart sundaichpasd yendrsl. imAmtriopodipiBiiowi ng

Studi es The abiljty of .antibodies t ind to and inhihbit the_eff of
TSPAN 12 1YRo /P fonMigosianal e SRR ies G BR.or

net hods gyei4pt g ded in Exanple 2, but other methods will be readily
apparent to one of ordinary skill in the art. Exenpl aryanti bodi es include
pol ycl onal , ndraepabitiab bindingasbaysdolylvingheebifitycof adalbrl¢vbstanrdacdio) aogrcte with

ant i bodi t he preparati.on.of which is. describe rei n.. Anti body, bi ndi ng
atudies My oeelie PRSI bt DG Aol SEERY B wl oS pe AL B Rt e
bi ndi ng af6@ISIn thd feSiGampidis i@ eBChropeNidnalah tiasmadimt oBighdard that becomes

i mrunopreci pitation _assays. Zola, Mnoclonal Antibodies: A Manual of

Tethni quéwupdrahppatbodigsy clo faqiggrg detgrmining thagnow e siepdard rapber@inigg assays
rely ont L I I o) i |l e
anal yte f%ﬁngﬁiﬁ%?hg)o\%{ P %réafa{a iﬁl%ed?%ﬁ&g@gﬁﬁg d %%O%n%%g?%ﬁﬁ@%gﬁ%‘%ﬁﬁ Eh(?? ﬁ{ggr get
pr ot ei n istanidhel dndsihalsenfhhteare Bouraivie tisednyibpdiep aral icomadnidnd y the 8 cjgunattidh frooif
standard f hat (gg(g%gs Pou d to the antibodies. To facilitate determ ning

t he ampurit® gen iyt Giat FRMERPBBANd, the antibodies preferably are

i nsol ubi | i zed gL fheivel %o(;m ihHO8Yi 108rshandasd and
anal yt e t hat agr%eaﬁocﬁlnaggatyg t‘ﬁ’eveatnfgiu odi es aﬁg@%ﬁ@%ﬁ%&ﬁ ggbgl ge g(?at ed from
t h&S st andhffereanidinaumigytie pbhiain, orepsiope, i blouprdteiSarigvdetdrteds dmysandwioh ve t he

se of two anti hodi es,, each capabl e of .bi ndi,n o.a different i nogeni ¢
Dot on. Saledgpssmale SRS B hCh R ity 8 D b iE N e gay
the test ®ppoH andnRdHRr b ScddAY BRLEBAYDikds!ts theadhalyRQdyustBahink n ifSoRId | zed on

a solid support, and thereafter a sécond anti body binds to the analﬂ)\%}e,

t hus f or rthieg-part complaxutiee, agir €6 Bat tNedhloeld 0. e seeong antibpdy. mpaitsel

4,376,1 . . The. secaond tibody ay itself be labeled with a detectable
o ety (dtveded TR RERRE PRI aBR sl ST i BB oy BSAEE B
angd i murigghebildbaliaahtitedd Yhdt halabélsd vidhel Rectibldmaictetifditcabladwivhelsay).
(i ndirect_sandw ch assay). ) ) . .

For example, one typ¢ 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, sSiIRNA and ribozyme molecules, triple-
helix molecules, etc., that inhibit the expression and/or activity of the target gene product.

More specific examples 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. J. Virol. 80(13): 6487-96 (2006); Hemler
-13-



For exanpl e, one type of sandw ch assay is an ELI SA assay, in which case
the detectable noiety is an enzyne. For i nmunohi stochem stry, the tissue
sanpl e nmawyohkeilasessh or frozen or may be enbedded in par &CTius2emaséssxed wit h
a preservative such as formalin, for exanple. The conpositions useful in
the treatNmnte Rdv. DaigdDovase 7 aT47-8@00RY] iAdlernasinely pnpgotogeih antagorEstmigr s

hgf;gﬂ?eém ou Igﬂ&%ﬁ@lonéggg%hﬁ d'%iﬁngg” (¥ﬁ§n|c and |nor %nic
mol ecul eﬁmeuc g%fﬁb@é ke&e%@@fwt Epafl efféch%ﬁerbm&hﬁeum qffmgag'tw and/ or

activity of t e target ne pro et “More specific exanpfes of potenti al
ant agoni stcgon nCTHRENAD opdloypept i de that binds to TSPAN12 or Norrin, and, in

parti cul ar, dies i. i ithout limtation,. oI =_an nocl ona
PRt bodi o5 andiREstsBi i Lz of Spig dsdish S tisre EN A PRI ot y i
ant i bodi %nstﬁ[&@'pﬁé:@hﬂéﬁﬁl'si%g%tli‘e%@@bﬁrﬁﬁogsﬁ%ﬁlb&”@ Ofan%Hﬁi’énmb&QQ'onr

fragments, as well as human antibodi es and antibody fragments. For TSPAN12,

certain efmlpademt&tqabloclodrmth(yshe translagios of QERN@ baély ndlagxgrtpgarseté@@émzé g.,

Ho et al. J. Virol. 80(13): .6487- 20

B scovar i ot SRl g SR AiskRahpobET T AGkR Eiial B, ray be
a cl osel &éxf)&lsﬁbﬁtdlr@tﬁgﬂftﬁp[b,-heﬂﬁrfoﬁ?iz&m|cﬁ,anﬁsdﬁbﬁ PNedof RINA, Bbth BERANKL2 or
Norrin that interacts with co-receptor(s) but inparts no effect, thereby

cohpet i t iT&hgdsi aippaict iopindirg @ica pAHNUCOTSPINDINA & RINGr rfior cxaspinle Hae 5
F’Ot ential, ﬁgﬁé]r&% & th%‘g&géu?cllégdg%ﬁiggé’@ee@% - wihi 1&{‘en% m%és%ﬁé‘ﬁﬁtﬁé\'ﬁ\sﬁm%‘%n

const ruct’ pr usi g., an antl sense
RNA or DiWorhialpebyypeptides thercig ibuisedko dedigcid 'mtish@etmam shgcbnmtboﬁﬂe ofRfdmby

hybri di zing to targeted nRNA a reventing protein tran tion. Antisense
t echnol ogiPorat 19&'0 éfap%l@le qb}2 il fgh i desied Ot%q pl e- helix

formatio t S
. rboﬁ{e{)l dtaﬁ % &fth e 1@?&12&%& t‘lf:‘%frsﬁibt% Hgﬁé ltlﬂfxe P8

bi ndi ng of pol y eotide to xanpl e, e 5 co |ng
potii on afl, Nuel aodayu?mlwndéyé)éq@m et whj Sheneaotdso (11988 ndleuvan eFGPAN 12

and Norri d is used to de n ant i sense

o't gonuct Eebres EFad 38 D5 b Ryt etidectibioR oo B BGHOR R DRRAN 12

ol i 90nUC|cﬁ(NdrHﬁ A%e&@éicgﬂ&qnm@m@ﬁagm@b%ﬁmna{ﬂanM& dsaefepd @f hdrBig, gene
involved in transcription (triple helix - see, Lee et al., Nucl. Aci ds Res.

6: 3073 ( 19y a S@U@ﬁ@@h@ﬂn&wfﬁ@eﬂ@@@@lm@mﬁ@ t(( hogdy to Idhridaas with the RY8i ence

251: 1360 (1991)) event i anscripti.on and .the production of
Tepanta P RBERo AR DR, RS R R A AR P S BB k. 2

red@rred su@andef @i dupldR HISA ma@&ﬁubemmtb@,\m mp sk hEli-Clogmbti@Ompy BeeRh@d ty to
be abl e t"lgheha l1)1{t|y ?ol ﬁy?bnvglztehw}llhdepeerl\!ﬁon both the degree of complementarity and the length
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 as 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-



formng a stable duplex; in the case of double-stranded anti sense nucleic
acids, a single strand of the duplex DNA may thus be tested, or triplex
hel i x forwetomm3ney be assayed. The ability to hybri di zeCwmuskoodepessad on
both the degree of conplenentarity and the length of the antisense nucleic
aci d. Genenabl, y);r ageheS fa@ﬂgz&rngttf@smbadraﬁszthmgsmuerhlefane ek te. gt hetsimgere ehdse
msmatches W th forma stahl e dupl ex (or

triplex, ‘dect¥e! élggé Sﬁaw Beb %66%3 éﬁ?@ ﬁe‘?§9) llrefrmtreaﬁ%ale dnoadr tlsih o5
tol erabl e 4eg r8@%49f6551 o) dﬂVC ubS&ish N&E @{}9@%/698%0 @HHE@&DE%H%E g§m ne the
br |ze conpl ex. e

mel ti ng point of the ant i se se RNA onucl eot i de
hybri di ze@SBbortthebhﬁblVbrain bairieco (nce.pl BCKPublicatehadia. 3MO89/10 hid, pﬂNishmbl ecul e

t TSP, Ok h 56:560 (1 :
0 Bodon R e S Edizafie T D diechid UAvaea baeBtdrerce ke b alsi on (ORC
Pr cas. Bagia T bk Qs F958-DIBBOSSTIN iBIcRANS GOl @ROUGL G PR8N, DS BNA or

RNA or chineric m xtures or derivatives or i ed“Ver si ons t her eof ,
si ngl e- st¥ar{d2%8) br Talthiténg, theradigdewrleotide mﬂyl@cmunllge@tilt@emﬂa@r rheleordeliefd.ed at

t he base npi ar. . noj et ar osphat e backhone

o ove BBty SRRk Rl GRSy PP Feer Ha PP Rl cot i de
may i ncl ugdeg@tdeleaappapsrdtgr oups such as peptides (e.g., for targeting
host cel |l receftorm n vivo), or agents facilitating transport across the

cel? menbrane Yhseatisqsgoligonuglestidgjmpy cempuase at lcast ote mpgifipd baeaunictsci |

g4 545- 68911 SRR toueiar AT EN g 1o eaget B> AR rag P Bombihsit 5

1988) or Stﬂﬂomuﬂmd i)ﬁ(ﬁiolnrahﬁ[]ﬁymkat(thme xemtlgne, 4%?Etyl?hylndsumal$4 on No.
W89/ 10134, pu she r 1988), bridiz i gger ed cl eavage
agents (dewbowy droxp( uePiEf St ?@Eﬁ?{ aegloemé@g 2957‘@ 7 or

i ntercal %fﬂ?ﬁyﬁi@ Ea%llglﬁﬁgt{h?lﬁf&ﬂ dég&oupﬁﬁrﬁ&a-&galaéosﬁgﬁlﬁoﬁﬂg ifckARBN.  To

this end, the ol gonuc e may be conj ugat ed mol ecul e, e.g.,
a pepti desomyta:nylddemm drmtthiylggeried lemothglinhdsmid, AG-dgetity] gutanmﬂsi}ort agent,

hybri di zat tr ered cl eava agent, etc he .antisense o onucl eoti de
mgy Lolrrérrp!%tgnlﬁ Ig%gfm%tﬁelgﬁ%ﬂg 3&% '@é{@oﬁl&e g V%Wl%ylpiosil%e s@raéjéﬁ ; Tom ![ he
group i NGhat{Rgadisg, 5%&th&1aﬁhﬁ&ﬂeth§au&cﬂl A% nont N 20MIbuALIIl beta-D-

5-chl or our aci 5-i0 ouraC|I, hypoxant hi ne, xant hi ne, “4- acetzlcyt05|ne 5-
(car boxyhy@tmﬁxlqmmylé -mcféewcar@xmeﬁldkymh ﬁymethvmmlh%mez YlHiloNoO-di ne,
o- car box nqgem%afé}ﬁ r)‘?‘CI It’1c acNg%,q osin racil, queosine, 2-

bet a- D ga g Uedsi'ie, ﬂoy he V149 ue?l)f e?nﬁr %&8%?% qu

1- peet hyl gldﬁl)ﬁytﬂﬁne 15~ ﬁieﬂliyylznmatalaﬂ, 2- an&ndmmtﬂnwugmnsJmeathﬁuraeﬁtdwdﬂadenl ne,
2-methyl golglglgclte?lg ac% nr{gt%l}r)l%étgy tu?asélllnSeoxy5acg[?ct arpllcli E:V tSOrsnle?h%Il 2&%10%9&1%? ? %3 arz{lno-
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-
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met hyl guani ne, 5-net hyl am nonet hyl uraci |,
5- met hoxyam nonet hyl - 2-t hi ouraci |, beta- Dmannosyl queosi ne,

- met hoxwyoaptmsysmet hyl uraci |, 5-met hoxyuracil, 2-met hyPChRius2008/056557
i sopent enyl adeni ne, uracil-5-oxyacetic acid (v), wbutoxosine,
pseudour aaé¢thylrijomaddoniee (]Zﬁﬂué ket ok wm 1 Avéds Eesmii §] Y.’o l-81-48|’(1 08 T)qairla,chimeric

2-thiouracil, thloura t hyl uraci_| oxyacetic acid
met hy| estiEia Wécﬁnla Ofgu%ﬁly%eetefg}a é%/%gl(% 21%3%'9%9/K19§72)h| ouracil,

3- (13- am no- 'Ihl'sgmg%ﬁi%gﬁﬁﬁwn%ome)an ﬁﬁfs{yaré ﬁl‘l:lﬁg't)o}%d gxﬁN@xsdé Q”éﬂgﬂ urine.

The anti sense ol 1 gonucleot! SO conprise -at | east ohe~no "ed sugar
nmoi ety sehBNedtdrom t he group |nclud|ng but not limted to arabinose,

ant] Sense. ol i QUREHERPIRHS SE Ui BEn dro e e B It PROCARRRE

backbone jgehegst ed fyyamebhgn SiteHRLa INSA S ARG (S1cRRYIRNINBhELRAY Gvaifible
phosphor odi t hi oate, "a phosphorani dot hi oate, a phosphorani date, a

phosphor dremiBdescerchaApilicd\Biphiotspisoeiat e Asamambley,| phobidwpdtbioricest er, and a

f or macet al Q r eof et.. anot.her .enbodi the tlsense
oI|gonuclé@?nﬂ:e%gﬁgﬁwﬁﬁgﬁgyh%“(?X)3%%3?&%@‘ﬁ§“m#ﬁtg§g&@#ré % Gonucl eot i de
forns speia:3200 (taR8y), enciltyl pivdrbraydsligdaustbdtives @ﬁ@b@IISﬁeF&rad By BPof ddnwbiled,
contrary to the usual units, the strands run to each ot her

(GHUt i er ,Posg glass nolynen suppRItSarase! ah EPEE Bl edrnd( 5G87)54. STHE48-7451

ollgonucg?%¥bg i;s a T-Onet hyl ri bonucl eotide (I noue, et al, Nucl. Acids
Res t4s (1987)), or a chineric RNA-DNA anal ogue (I noue, et al
FEBS Lett. 215IHligddik]¢cti8y Jgscribed sone cﬁﬂﬂ@@‘lbﬂéﬂt\&redttb eclndual olnit slics ar e

i nhi bi tory dupl ex RNAs si RNA, shRNA, et onucl s of the

i nvent i orf® S%B%%P@fi%Hbﬁﬁxléfﬁ%%ﬁ%éﬁﬁvﬁ’@lﬁg@ét Ovﬁ?if%%glal Igore g., by

use of am&lﬂhoWﬁ&ldan%séw&ms%&rol{eg%a&%}y%oﬁ{c@eo%@mrﬁﬂeﬁwo}h dyai | abl e

from Bi osear ch plied Biosystens, €tc.). exanpl es osphor ot hi oat e

ol igonucltessiadesinBstidnsitsyng. hbstivzedatimpt t eandet ll@qusivonSo£thn targ¢t gehe  { Nucl

Aci ds Res. 209 ), t hyl phosphonat e ol i gonucl eoti des can be
gL Sttt P |

prepar ed BY re glass polynmer supports (Sarin, et al,

Proc. Natl. Aqii#ﬁentiﬁpantaégkn%tfﬁm%@r ifdthde Zlﬁélln{ole%%&l@)that 8l1fel to MYPANI12 or

ol i gonucl eoti des descri bed above can al so be delivered to cells such that

the anti S¥ersia, RNADYblOkMgitpcheitexiprasspescolismallimelcgdes inplube.tbuprisdett i on of
TSPAN 12

Lo 1 i BT PP SRUORAIROTE °25' s
+100 posi tdyamsti©hot-Peptidgl G@hni@@Aehorganic 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 mRNAs, the use of hammerhead ribozymes is preferred.
Hammerhead ribozymes cleave mRNAs at locations dictated by flanking regions which

30 form complementary base pairs with the target mRNA. The sole requirement is that the
target mRNA have the following sequence of two bases: 5°-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 (1995), (see especially Figure 4, page 833) and in Haseloff and
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nucl eoti de sequence, are preferred. Potential antagonists further include
smal | nol ecul es that bind to TSPAN 12 or Norrin, thereby blocking its
activity.wheamgizess3of smal |l nol ecul es include, but are mof/uS2eM0SEHsT 0,
smal | peptides or peptide-like nolecules, preferably soluble peptides, and
synt het i aGérbich Qépinad$B4:68 8801 €198R), whitlgia in@rmeapd iadm by adirtndrialts pot ent i al
antagoni sts are ribozynes, which are enzymati c RNA nol ecul es capabl e of

cat al yzi f§He specific cl eavage of RNA. Ri bozynes act by sequencespecific

hybri di zati on g,getdag, @%%‘o%{?kaefn o8B Sh tiNhe diohhovRE, tﬁiﬁr{‘ﬁféﬂk‘fdc@%hy“ ¢

cl eavage. Specific ribozyne cleavage sites within a“pote RNA target
can be i denat thtiSédndyf thatanpettgeshmRNARS. e.,Foindreast bfciatey and siiseeze theg. ,

Rossi, Curren i olo :469-471 (1994), d PCT.publication No. WO

07/ 33551 TP Hahd A B porBclgg R G resiBE y nee 1 hat of eave mRVA
at site speci fTie FREOMBY bf AR pREGHERNERSof 8R0 AR IURIINAQNESSIJnAYIchRE get  gene
MRNAs, the use of hammerhead ri bozynes is preferred. Hamrer head ri bozynes

cl eave nRhasinaftel Cowhitppesribiizymes’ ddudyas thenké whichegrwnsatwillynn fetrakymena

he’t or oot kAR uROPRS (RO ol COGTRNET dap WD B0fel CHRTE 7'

const r uctdegdtitra Gy Phoeias Teol aff cdIRBBREIS BKhub] BQZY BBSndes22eb T4-BTROM0R4Y) t he
art and is descrjbed nore fullx in Mers, Mdlecul ar Bi ol ogy and
Bi R echndfasgynd Kedbmisicarne il id ﬂéél(l%ﬂ;ezaélﬂc@,al-vfﬂqf%bﬁ%‘ 83 (R&%0)vor k

Nat ur e, SUSTRREREEHAY Yl Forfiea R0, O e OO by R Sy PAOREHL S
its enti riadey.an@Cetlier@ddl, 47202216 PRMme The Gobitneetiwcysoes hinat ant dightbasavage

recognition site is |laocated near the 5 end of the target gene nRNA i.e.,
to i ncred¥d a6HYS sfcdRR\IYRREIZES 10 hiesast RREN pospaccayhensalier sleayavg |0§fhedhrgsff

non- f unctg t j i 0 ] Ion
Ftlgﬂ%ke@%’l\%e. 'Tﬁg ﬁﬁfreht@(gt%nc-(l;ﬂl?aé’sbp%%@éc}f){ygg ?ﬁ9ﬂﬁﬁé§ﬂ£t t%rggtﬁég%ﬂt) such

al so i nclude RNA endori bonucl eases (hereinafter type rib
asli he ormsehiic hctoesite sequateasdhdtyrd prefoat mathy reeget geher nophi |l a (known as t he

VS, or L-19 IVS and which h been extensively descri by Thomas
Coch and col | dboiaporEREREIRPaEh die ToGEn e Do SRS BEOgTSHa): Zaug and
Cech, ScifeRuclditicéd (s 40P ithfB36d stadifibld tar@dtind! erc NahdlEioulBBAdARZrA3S (1986) ;
publ i shed I'nternational patent application No. 88/ 04300 by University

Pat ent s lagls thaBexntcsanler @egshgercah vivo4 7 poferrdangtheBef delivayanGduds- usygea
oy e AP D alES Bl PE LG, B LBt DN Sheifl ot 0ot

20 pol II 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
efficiency.

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. WO 97/33551,
supra.

30 The TSPANI12 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-related retinopathies, diabetic macular edema (DME),

pathological myopia, von Hippel-Lindau disease, histoplasmosis of the eye, central retinal
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RNA t akes pl ace. The invention enconpasses those Cech-type ribozynes that
target eight base-pair active site sequences that are present in the target
gene. As W0 2010308181 sense approach, the ribozymes can becCtarspasnsssst

nodi fied ol igonucleotides {e.g., for inproved stability, targeting, etc.)
and shoulw@ibecctigioné€radd}, cbrahehéctscetnhaltreemiweﬁﬁocbhleiohe(BgeftO)gemaeailn vivo. A
preferred met hod of dellvery i nvol ves, using a construc{ encodlng t he
ri bozyne NSAYSFURHEtOgntctigRl I%?PV%SC%W%@%@%@WW emaurity (RQR). pol 11

pr orot er 1su’8‘66n§151ﬁ LivAINRAREGGEE Ang Rl Sopbild rd%BﬁélﬁfrESUf ficient quantities of

the ri bozyne estroy enddgeno target ssages and i nhibit
translatuﬁhunB&u&a&Bnﬂv@dzﬁhh&%kunDokﬁ(ﬁmﬁﬁbnnm&6ummlecules are catal ytic,

a | pwer intra I ncentration is reqguired for effi qi.enc eic
Bt 8 ot cul actien R FEOR SN hisRaish afe Ot e e Atanty etion
shoul d bengithghgust hadd esh vafidus RPAsRAnelideRx YHus ket srdes. The base

conposi tion of these oligonucleotides is designed such that it pronotes

triple-helix f%mumcmnlwsmwggf é@rantﬁagelsq@aﬁmpmgarp@uf@yorm yhmgenethal | y

require sjzeapl e stretche urine es.on,one str 0
Gun ex. RSTRLD a0 FefdE M aBalieeis SPUAE FRPRORPSN 35485 .
supra. ThecdpaltANddriers, deigiés, M%ﬁgﬂﬂbﬁt(ﬁeﬁﬁ{gtc&i SPhap@adteiEitallScighcés, eethi ng
i ntraocul ar di seases I ncludin but are not limted to, prollferatlve

r et® nopatditiass, Psel dapdhd1PFD0) i téxeaf@m ef bpakdized formplaHepaeTaducas e bitgas.
neovascul I betic
T ot hor Sceffbletr N Mh eigRAR, O lfi TRE g floxRATRAREN ot Bikes {2

pat hol ogicatenmatpisasmployed-appizichide Ibdﬁfelrsduslea}sqﬂ}osﬂshaﬁd, @pfa&s m bﬂleﬂif)rg'a]lile eye,
central retjnalvein occlusion branched central ret vein

occl usi or?C(JB 358%%%1}1 lﬁéaw&w Pﬁﬁ.aa%meaﬂon%tnr?ﬁ&rvaﬁﬁ %@mSari zati on,
reti ”Opatd&’ad@@ | hﬁeg%ﬁlblﬁfz&%rﬁﬁgﬁ m &Wh%%&ﬂ&hurﬂ%%hﬁ@%ﬁzalﬁ&ﬁum

hypert ensive et | Adm ni stration Protocols, Schedules, Doses, and
Fotiul at i ahigidEhleenZSRANLIE dvlorivder phemohruu&gon beitzyl dc@hthdkymﬁab'enmmchyts usef ul

as a proph ic and thera iic_agent. for various disorders and di seases
25 cel 1 OPvhsaaiedT ThaPSh BEF I CaRaE8P koSt S e renBATb AT S e el
prepar ed [5RMmEtANAGLIEM (MHsXiHAH abbig 19884i8R4) ﬁ&}rﬁ@uh@s @e&blﬁg subleapRBIAPT i ate
degree of purlty w th optional pharmaceuti cal acceptabl e carriers,

exci pi entaé urmm galatii, lor E@mgnqmlmgmm@hpmmemsu@ms Séyéndegrrolidng;
edition, 1@ S cﬁa g e) él’utan%nt hae a]:rgrlm 1 t1 Qf ln{n%ee%r OsrnréUI ations or
aqueous SO U I% %u 8 a{ Carr?etsg, % %g g Sta fIZers ar e
nopd OXi C rhénds&&ohpti @il @1s@dch&1ﬁt%s,d@ﬁiaﬁl@§ c@ﬂwhydrates 1nclud1ng 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, cellulose-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
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concentrations enpl oyed, and include buffers such as phosphate, citrate,
and ot her organi c acids; antioxidants including ascorbic acid and

met hi oni 'O 2progsesigat i ves (such as oct adecyl di net hyl benegir/useononsassT

chl ori de; hexanet honi um chl ori de; benzal koni um chl ori de, benzet honi um

chl ori de;fophemelsuitdbly ydedoSuble foritls iddlade) fir;examlshel mpaoedpeuss, suedhcgsuleet hyl or
pr opyl raben Ftechol resqrcinol; cycl ohexano nt anol ; and

m cr esol )1p0ﬁwﬁ%arﬁ et Hialadpy m{sr RS SPIH‘% sy {f@blﬁ@sﬁ fincdrrelsatst i des:
proteins, g@ﬁﬁé}m% %ﬁmeml@'&? Bt I%@%(ﬁﬂtgmﬂg%/p agpgge%@ﬁ#{atwﬁﬁsubmm&' ic

pol ymer s s as polyvinyl py s glycine,
glutanlneﬁaaemamagmmeofﬁwmtOMmqgnﬂawgﬂhng@ﬂ or |ysine; nonosacchari des,

di sacchari des, t her, carbohydrates in lL.uc . mannose,

o s et e A ey S S R e o B A R inap BeenSriafhi ¢ of
trehal os %ﬁﬁecﬁzﬁﬁ@l’e& OSuchSaﬁ‘iléleJ QhdcnBcé ﬁﬁﬂb&ﬂat‘n@‘eﬁld%ﬁhalaeéllwrﬂnd et al
conpl exes {e.g., Zn-protein conplexes); and/or non-ionic surfactants such

as T\/\EEN(ang)ogemedl\Irad;B(lomtumpr pohsien htyd. wniestghly ol be PEGu]ateitiith thenal
exanplesa/ such carriers include ion exchangers, alum na, alum num
Sstearate, fﬁé% Yt hin, serum proteins, such as human serum al bum n, buffer

subst ances SUCISPESN PhesRb@inesitaggh¥Bitd8e usddl bt & A ddmpatatsn HH SR daatle,
parti al grycerlde m xtures of saturated vegetable fatty acids, water,
or

salqs, has saeadslyyaceemplishd by filFastoniueuglh erplfﬂ@tfétra%ms@ambww @Figeror
phosphat oll&ﬁﬁ%ﬁ%p'ﬁnﬁﬁﬁgﬁ 819&{&8& OZRNA! §f mslg%ﬁfme%*}‘oﬁﬁ'%/a%ii‘& R8kES:
col | oi dal a; ‘nmagnesi um

SRS I cat e, yrrolidone,
ceIIuIosembgﬁedtsmﬁ@tanobﬁnMamdnpahyahmmhewehgﬂmﬁﬁtgmﬁ@mgﬁﬁf@mﬁgﬁu®ﬂpica

or gel -based forns of nta on cl ude polys ride such as odi um
car boxy rre"t“ﬂ}/%@mr?ﬂr&f’é h?/PH‘@I PLYSs éin faarrgp% %f% of
pol yacryl ?é}%NlP&' N%M%%&g Q%ltéfﬁé( 36%? RYI G163 t%ﬁ?@s‘ém%'sx b& ﬁlled in a

pol yet hyl ene gl ycol wax al cohol’s.” For ad nlnlstratlons
ohﬂentiGm&ﬂ&deﬁnnﬂdbmsmaMBn@mwMQhﬁmnu§B$€n@d@hmhu&ﬁﬁumhmhm@sﬁmmsr exanple,
m cr ocapsul nano- capsu nmes | gst er,s for.ns ose
pr ays. ” SUBRTAGArsge Bt S nalBh v abat Areneeesmaniin poRd SHepa 15  or
Norrin an oipephtid:!l typically be fornulated in such vehicles at a
concentrati on of agout 1 ng/m to 100 ng/m . Another fornulation

conpri ses |ncdﬂﬁbﬂ&ﬁlﬂ@Nqﬁﬂmmﬁﬁyn@t Norrin antagonlst into fornmed articles.

Such articles be u nodul atin endothel ceI
angiogenesis.zﬁ QT I ?gﬁﬁﬁ?ﬂﬂ%an% 8 ?%%igﬁ/ g tas t%%Pt(ﬂfﬁﬁdulated
W 2@ t heselweptidd @SothéESEdl%ul&rMOhNQﬁlrpﬂ@f@éﬁlﬁg&b’ﬂtﬂt$ to be used for in vivo

adm ni stration nmust be sterile,.
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., chloride; and
water.
If the detergent employed is non-ionic, it may, for example, be polysorbates (e.g.,
POLYSORBATE™ (TWEEN™) 20, 80, ctc.) 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 aerosol 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

TSPAN12 or Norrin antagonist, and includes polyhydric sugar alcohols, preferably trihydric
-19-



This is readily acconplished by filtration through sterile filtration
menbranes, prior to or followi ng | yophilization and reconstitution. If in

| yophi | i 2%0 2bhowa3p813SPAN 12 or Norrin antagoni st is typi earlug2doensassat ed in
conbination with other ingredients for reconstitution with an appropriate
di | uent air higter tugaealicoliolsisach Aglexainp bgtiaftolatabiyel, dylitol, sarbabi, and ebhndi&PAN 12
or Norrin_antagonist is a sterile, clear, colorless unpreserved sol uytion
filled inlhesspyegl alcpRplycan by used ploae BE i conrvrationnjAdtcragelypradawn ghigride

phar macegioal RBRIRE HRBRIS M fRE [FRAAL S WHRigIRYscEaRL ai n, for
exanpl e, eopena g malbn yg%lrll ﬁe%?igaalecat?on a% type g?@psool ypepti de:
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range of Xi jum st abi | it f.th | ypept i or, other.nolecule in .
Gl et on ey b i pabistred b B BEokP GBhof Sark Brdiee g e aRi Ry Pen i
st abi | i zeyfagedifliyPRRES SRRt MR £ GHéRraBHAINRST piR8idiéditapti nduced

aggregation; an isotonifier; a preservative selected fromthe group of

phenol , benzylThel reedeovatiserdphenle hewtyhalndhahahd bertsthoaivg halideh,ord. dehiloradd
water. |f the detergent . I dis non-ipni¢c, it my, for exanple, be

pol ysor bat es"$&" §’ 1"%@@%’%@&%Y ﬁi’ﬁ@ﬁ%(}? ) 20, 80, etc.) or pol oxaners
(e.g., POLOXANER(ipahtid $8)peplide comBosiiontQiesdribel hefil f@rtaARtaSe pRE info 4 he
formul ation to be exposed to shear surface stresses w thout causing
dehit ur atGoBRINSt heviag pstcyireiscpdortripr erEpplesyeMirayanpye sl o i g
formul ati i . g in a
pul monar y R ape oS BERLEE By sbyBSARRR, i @HLE R AL AR IREE AL D Scg).
An i sot onidhiieistermlyaslvepdated Setndvehoussis )y ibtwaiicink ¢4.¢. Y oo fnt@anuseuardi.aopposi ti on
of TSPAN 12 or Norrin antagonjst, and igcl.udes polyhydr'ic sugar.. al Cé)h0| S,
pr ef er ablIFHHyRF 3SEGFOSA %ﬁ@?lag%sawable PIgnEanagef s fEapyryengry Aclivery At i t ol
arabi tol UlthBhary AHRIY Ao, & BNEPRIIYSEO! Thd RESGI2FHE lGahphs can be used
al one or 1Pné{ﬂconbiar%ti (l)n.r&Ai%e}f g%ﬁati vely, 5)sod%rum chli orsl’i%g%or ot ﬁér

app¥ opr i adeniniseragaasiigtraatrd¢ad (Ivel) opsubreepicticaldehdey. t he sol uti ons i sotonic.
The buffer may, for exanple,. be an acetate, . citrat sucgi nat.e,  or

phosphat e buf f BIEFRSEER R RBETSHCY 518 40 Rrepbisterced itfosm et Pbdesed qui d
for mul at i Rey@dtidnBi SuitdheBldnPles oF sBsthined-8sedsh ptdparatidRORcRIde 38RperricdrR 8,
preferably about physiol ogical pH The preservatives phenol, benzyl al cohol
and benzandupssuahshiad hﬂ@gph@_i@po,lymmscgon@@}ing 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 et al.,
Biopolymers 22:547-556 (1983)), non-degradable ethylene-vinyl acetate (Langer et 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-disulfide
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are known antim crobial agents that nmay be enpl oyed. Therapeutic

pol ypepti de conpositions described herein generally are placed into a

cont ai nerwbaviogosadsteril e access port, for exanple, anPCHIUSANMNSGFST
solution bag or vial having a stopper pierceable by a hypoderm c injection
needl e Tiherdhangay Istabﬂl@momyy beacﬂlﬂfmedibstrm&ﬂ'ua@suﬂihp&laﬂ edidubd, 1 popdil tirsy
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sust ai ned-r el eased atlon abl e exa | es ned-r el ease
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e.g., films, or mcrocapsul es. Exanpl es of sustai ned-rel ease matrices

i ncl uqe o, Vet diag, AbnptliSoigISd 17e4030; 40§6I(W82)) H@Rj%&%tﬂﬂﬁéﬁ%ﬁs Hf&(ﬁSyQ%t EP as
oy e uabaneho 851 Favanste pey Sy S eaabBBS1 s 17 SOl 0SB | Soe

(U.S. Patarﬁam 94a1,543; fBE® 182, 3%P ORiidkily thedGROdEPArS 0O thelsn@llibistit c0@800 and

gama et L- gI ut arrate (Si ‘dman_et al ., Bi opol yners 22:547-556 (1983))

noH degr a‘érsa@rr@mé} witlagedaytypg in ‘ab@bélﬂeehmé&ﬁ@ém iggreafer thag ghpu) 30 melgVadabl e

|l actic ac pot (r)

(inject ab({hg[e%ﬂlegoﬁgté% eelfgéé[é(ggl%ﬁposeﬁg {n% alﬁgﬁ {kdiﬁ%%llg?ph Sp}{:%%a& aci d copol yner
and | euproli dérmcmérap@hpaldmeffmlvyd&e(of)TSP-ANm@rwdnumahta(goﬁsu wlill( EPccizs:, 988) .
Whi | e pol yners such as ethyl ene-yvi ny acetate and lactic acid-glycolic acid
enabl e r faBALPBIINEONSBEN getor%ﬁs tB%%t qlpgicaspaditioate Fﬁfeﬁgﬁfl g@gr el ease

proteins ﬂr@x‘enﬁ&?)" Hfacrrnéth oPRIiARE ati N AR ¢ @Pc%ﬁll ad bQﬂh@tu@édqﬁ)r E@ﬂﬁieﬁt in the

body for "a long tine, y may denat ure aggr gate as a result of
expbsur e any coshsbpy mvalve&,?tﬁﬁpat[eaﬁwga, ngighn gnctralsmemf:almondilugn,cmédlaait ivity

and p055|ble changes.in i muno nlc t strategi es can be devi sed
for br ot dIioms Sor ARG it ResbHERaRE MG T R B ha B eI D8t MEor exarmt e,
if the ag@é&ﬁﬁﬁglzm mB@ﬁé&@a@f&&@&mﬁb@dt&tﬁe@@e dp$aBE AR BfoUlf@khSomcnd

formati on through thio-disulfideinterchange, stabilization may be achi eved

by nodi f wdﬁgmgmtqurrﬂumfé@ dbtem, the thmlutlzﬂrmgeuflﬁ ¢ffeeici di ¢ sol uti ons,
Cpeci 11 pol yr AT HRC L ERb i hERLPARERy RBr b P it ST R0 1P
ant@goni sboGONPEIStotdbomis]l ahfkd, Aedre ﬁ&férhlﬂ@%@ﬁiﬁﬂd.(}'l et @Rpaton pidganlyst s.
Such | i posones ar e prepared by nethods known per se:

about 0.01-0.1 mg/kg.

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, tricthylamine salt), inorganic acid salts (e.g., hydrochloride, sulfate, nitrate),

and salts of organic acid (e.g., acetate, oxalate, p-toluenesulfonate).
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DE 3, 218, 121; Epstein et al, Proc. Natl. Acad. Sci. USA 82:3688-3692
(1985); Hwang et al., Proc. Natl. Acad. Sci. USA 77:4030-4034 (1980); EP
52, 322; BPO2610386813EP 88, 046; EP 143, 949; EP 142, 641; JRpAUSI@9{0s56Nt
application 83-1 18008; U. S. Patent Nos. 4,485,045 and 4, 544, 545; and EP
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salt), | nAngrkictedacithusakPanie.& Norfiydr ochl oride, sulfate, nitrate), and
salts of organic acid {e.g., acetate, oxal ate,

p- t ol ueneBYWANRApeNoadntAntihddies Ther api es The ef fectiveness of TSPANL2 or
Norrin antagomnd sts 4 reventi.n r treating the.disqorder in.question may
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and/or reduce an activity of TSPAN12 or Norrin.
Polyvclonal 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 TSPAN12 or Norrin polypeptide or a
fusion protein thereof. It 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.
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conposition or as separate conpositions. For exanple, TSPAN12 or Norrin
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di seases wayotva3esiabi ned with ot her agents. I n particul CT/USR00S5EH6TI r abl e
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anot her avibroctn@i daghiodtesagent . I n some enbodi nents, the TSPAN12 or Norrin

antagoni st is used .in conbination wth EG- ant agoni st nti body,
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adj uvant w e I njec aneous or
i ntraper |Hmahammjabm $0DAS:S afﬁft&sireﬂrUFﬁezﬂyﬁ@ha@emaramemfmhwddl irhe TSPAN12 or

Norrin pal ype r afusmnpotelnthereof It ma sef ul
conj ugat émPHEPaﬁ ﬁ?ﬁi?ﬁ?lzlﬂl}’?dls cusipgrasnh SRefbHPA et %gﬂrﬁ% rf?fcm Pn t he
mammel - bejgdbAEea. Z@Qdmgx AR S 2 A ndiHEMed: PIARRA’ NS PRIGEEGSY 'Yreﬁ& ude, but

are not Irmted to, 1"e T npet _henocyani N, serum al bum n, bovi ne
t h{¥ ogl Ob‘kﬂaldﬂmlcal?lﬁsss d)%féapp 5OyIPSi dmimoniabzddore]l lﬁmamlwsalbﬂrmfamadlt s t hat

maybe enpl oyed,.i ncl ude d s te.a ant and L- TDM .adj t
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I muni zathodt MERE AeRloBYelPEn S %kee&ﬁ]tﬁﬁl %%hubm@elmnwge aditur¥d thout
undue experi ment ation. Monocl onal %Odl es The anti-TSPAN12 or anti-Norrin

ant i bodi ewitpllg culgyre arodatm ther prefaseblyspieing @a¢ 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 have been

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

133:3001 (1984); Brodeur et 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
23-
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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
invention to create a chimeric bivalent antibody.

The antibodies may be monovalent antibodies. Methods for preparing monovalent

antibodies are well known in the art. For example, one method involves recombinant
24-



for the presence of nonocl onal antibodies directed against the TSPAN 12 or
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codi ng s OUEERLEOFS: ntar ROy ERHey RGOS SRG b EENe: SHECoBbfiR 8 SPRE pl ace
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FN TR R T
vap abl e dquimicas 1afgemdiel, arrtiuaeni2a Ao dygvisi dotnpeise aubstimtihinpgly oPdt 1843€
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 humanized
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 et 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
(Jones 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
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20 Nature, 368:812-813 (1994); Fishwild et al., Nature Biotechnology 14:845-851 (1996);

Neuberger, Nature Biotechnology 14:826 (1996); Lonberg and Huszar, Intern. 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, Nature 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-
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specificities for at |east twy different %ntigﬁn%j ln the Rresent case, one
of the biﬁﬁlﬁg gpec?ﬂﬁcfPl S |sl?or3ghe0? DG %B?rlﬁ p% y%%ptide, t he
oth@r on&cidioh@k by Memfie ¥ Bapéthelbond. BR¥mplehef sinablcgedsenkfarmissurprel ude a
cell-surface protein or recePtor or

include iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for example,
in U.S. 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 Epstein et al., Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang et al., Proc.
Natl. Acad. Sci. USA 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

etal., J. Biol. Chem. 257:286-288 (1982) via a disulfide-interchange reaction. A
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receptor subunit. Methods for naking bispecific antibodies are known in the
art. Traditionally, the reconbi nant production of bispecific antibodies is
based on wbeonmsesdpr essi on of two i mmunogl obul i n heavy- ebaiustémghissthai n
pairs, where the two heavy chains have different specificities. MIstein &
Cuel | 0, NatmbtheB)dutdSazcdBBuhl8B3xoriscay seopoibnilhecanaditkeiny alsia olid hgosbmof

i nmunogl obul | rhéheavy and | i‘gh; chai ns, the;e %Eri domas (quadronas) produce
a pot ent i%F- FRBIEQNY & @i 4 dYprares eprist hdilolPay 4l 198d)-es, of which only one

has thecorreCtP}szﬁz%&fﬁfcaﬁcﬁéd&%#g%ﬁA%lPﬁoaﬁ’é&ri fication of the correct

nol ecul e i s usualTy acconplishe affrnity chromatography steps. Simlar
procedur es ar Additedics spatificalWOIBBADSBPIP ANUD loi Moeth Adypyid dBBtifiechd i n
Traunecker et ah, EVMBQ J. 10: 3655- 3 991). Anti body.vari apl e. donmai ns
W Ch't he Tadho B o e ol Rl g Y O AR TsaP D G U BoORTF GO o)
can be f uyggfnik@rddoE M Fcaiiknt Bf ¢ARYE ARLIEAN R Tt LMD 6B beldWEn THESORA of
preferably is with an i munogl obulin heavy-chain constant donain,

conpri si mhaemadeeag cpapesiadnst he hi nge, CH2, and CH3 regions. It is
preferred to hagve. the first heavy-chain.constant regi.on (CH ont ai ni ng
Phe s te-necestiprariT B RaRa ASCRinningRgs BBhape FRcoiilefEhe or ¢ he
fusi ons. dMASagTeO@E F@grtic’(iﬁr iHnaarieg beidp citehaRYrabipihdsd Wih @BSpRAENtary

desired, the inmunoglobulin [i ?ht chain, are inserted into separate
exp? essi owtivisigs Basdo nefchdyprscly gffeetrracloether Algraativedyior #haddits theor gani sm

Cor i i 8Bl R RIS AMIRBN SRR BABACYET el BRs LT BUATP! o
Ant i bodi gseddet rcoabijatigateadotintboct &s céicetivvooptegdrmie intendedval ently j oi ned

anti bodi es. Such anti bodi es have, for exanple, been proposed to. target
i Mune- syst em di1a°EVE Bl Bay glsp e eitggpged %%?Cwlewrsp%?éém , and for

treat mentegfynd ¥ k@efc@ﬁla{i%tecg}?ggéy &%%gg&rﬂ@algﬁflﬁgg%ﬁbnﬁgr Q@a%ﬁge It is

contenpl ated that the antibo S may "be prepared In vitro usi ’known
methods ihydsyxytiedtylellplost er gelathremigbcapsulenaldighlpgmtthgbecthavybita)i ng
crosslinking agents. For. exanpl e, .. ngt oxi ns may he constructed using a
i sul 11 dehESheRBgS: Bt Sh Breonyide TP AG ATt RY-GRVHEDT BOmae ERAPISs. of
sui t abl e NagiaHhRrdsPheréNhficBbmBRHRs] HebpARIdIY ML Dot A:BledtF in
met hyl - 4- mer capt obut yri m date and those di scl osed, for exanple, in U S
Pat ent Nonado@TEsioBe. Sudiieaholdugs sisrdesslophé inaRemingtinésPlirmacqutios] Seeaneesy may
al so be forrrrul ated as i mmunol i posones. Li posones containing the anti body
are prepay%(fl‘by met hods known in the art, such as

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. Examples of sustained-release matrices include 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
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described in Epstein et al., Proc. Natl. Acad. Sci. USA 82:3688 (1985);
Hwang et ah, Proc. Natl. Acad. Sci. USA 77:4030 (1980); and U.S. Pat. Nos.
4, 485, 045weand10438814, 545. Li posonmes with enhanced ci r cul &CIrars2409/e65a1 €
disclosed in U S. Patent No. 5,013,556. Particularly useful |iposones can
be gener gloedblychuies ireinemstogehitg. Bt afratogiehr@intacicwistd fa@ stabflizdtion

conposi tion conprising phos hatld chol i ne, ol esterol.,, and PEGderivati zed
phosphat i PRt haRBINEH al%lﬁﬁ@ﬁéye o5 s3yRels. 1 gﬂ@ SRFLANSHTCHIBIGNIST i | t er s

of defin IPOSKY i Fab’

f ragnment gﬂs Q%Iﬁ%%aﬁetellnbéc?)g%élegkg{ Ee pr e;%?\f{lwliotr[\l\r}g}ndtﬁggﬂﬁé éi%ﬁgﬁ@clg%%&%% éd to the
| i posonesstaslizieec malyédd acedl by modifyiag sulfhydrﬁreshdue@hlgnphlﬁﬁﬁg %ﬁ& &8dic(1982)
via_a disu dee |ntq%phan reaction.. Achenot &Feutlc E such g

Doxbr ubi cPHIoRE CPFPIRG MASTHS KPR AR USIRR ERPAPEHE @ B&%‘o °§8 PIERFZEf et
ah, J. NaJol@R&! m&AReBmpbfiEbns. 81(19) : 1484 (11989). Pharnaceutlca

Conposi tions of Antlbodles Antlbodles speC|f|caIIy bi ndi ng an TSPAN12 or
Norrin pol ypeptereds L% as other nol ecules identified

by Lhe =0 s gl %Segﬂﬁoe SO TEAN DR B FTRe! Rl

phar maceufarioad arﬁg@(b’géﬁéshi 488G ated bendiRrNHs abicanbbes.ei n may al so contain nore
t han one active cor‘rgound as necessary for the partl cul ar indication being
trthted, pref ekhgsmibedissae wilmpisieiop (@ Aruiapal, prefarahly pdympendn ageprd giith
adver sel HerBlhGAnGRC A ALL s A RLAR N B o Q1 Hofls B b O D rsfigEpOST ti on
may conprise an agehn hat ‘enhances | unction. Suc ecules are

sui t abl y qweespatiod of taneriiyriat-iviteal Ninaamustubr tin@speditencel, h&tabemerd‘splmalg he

pur pose in]toended The active .ingredients Er;gy al so be ntr ed in

m cr ocapsUPe¥asPR AMtEarticpar, é%w%walbwe 9 fegcat a@%@él rgitepy

i nt erfaC'Iﬂ{ra\%‘EeM%ﬁﬁ&?&dt@%offﬁ%ran%@ﬁ@ % cfByey oxy et hyl Ce' l'ul ose or

gel ati n-m crocapsul es an thacyl ate) m crocapsul es,
regpectively, Inrmncehﬂbodldwlnt qblaﬂnglocgedai maxlg/r rrepsaseu]srl(aeftmn iexidavbein | i posones,

et obHISROR e oA E: eGPPSR e gl BROGR BRI
Phar maceytisC ahtlsm(@ppﬁé adﬁﬁﬁgt@redwﬁatfeﬁfsmﬁkma&ﬂﬁcam«} el@@cﬁkseedi)sépr in vivo

adm ni stratlon must sterile. This is readily acconplished by filtration

t hrough steri If@rfemrtlplat derpnndregrbn dreetgpe SubseaPmiyf the dsgrderpplapiad atilaerte Shay be
brepar ed., 3K\ 25) 6.1 SXAMBIESoPIns BT AR E5 RoPL FRALAL 28R AGLEAS,

sem per nea ces ophobi
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 ug/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 limit 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.
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contai ning the antibody, which matrices are in the formof shaped articles,
e.g., films, or mcrocapsul es. Exanpl es of sustained-rel ease natrices

i ncl ude pabyesymwos3 hydrogel s (for exanple, PCT/US2009/056557

pol y(2- hydr oxyet hyl - net hacryl ate), or pol y(vinyl al cohol)), polylactides
(U S Pat. No. 3,773,919), copol ymneEXAMPLES! utam c acid and g

et hyl - L- gl utamat e, non-degradabl e et hyl ene-vinyl acetate, degradable |lactic
aci d- gl ycol i ¢ EPAeEHy| %Yﬁ‘éﬁ'a@e gea&w%ﬁw@ twpaz@@xeﬁm (Y9re ppedl asetdmedo

i crosphepgs, &mepéﬁgt{% hafibieG AddiQlivgiokits ANigrRARY HBheARakeupr ol i de
acetate), ang pon-E) - 1-OS-Eygroxy u%y#?c aé?dgﬁﬁFﬁ%p8¥yne$s s%ch as

et hyl ene-herebylinacpdrated bamdfetenct.i ¢ aci d- gl ycolic acid enabl e rel ease of

nol ecul es for over 100 days, certain hydrogels rel ease proteins for shorter

ti periods. Wen encapsul ated antibodies remain in the body for a |ong
tinme, they newANEMEE Y 5P 4 OIAHR6I9edin RoFBalhidd PAthS YAGgiodeAQisSt Ur e at
37C, resulting Tn a T0SS of brologlcal activity andpossl bl e changes in

i mmunogeni ci t yAltiRaigh drradodsterragiogifesTSRAN b2 isdewivadd s¢xwral or ganiignisz stclusing

mechan s rRogt BRENEE. 2R BaEY ase BhiRaO e T B AR N P g

t hi o- di su\t1_de3007tfeF ITSREEN1 2% dtfuhdtbatfoon hadYechedatificeV eb kegimmdilhydag
sul f hydryl residues ]INyophi | 1zi r}g@f rom aci di ¢ sol utions, controlling
moi &t ur e isdH@on, TORANG 2 kppekout (K@ Emigarare gercratah dsing s vepiiong! slseoids ¢

pol ymer LI OS]tk t | % It is
Bont enpl aveg AL TR B AL oMot PE  Qunbb SRR R A A SRR, 1 e
vari ous angditagenésioscassediaitdidd asingdiatsbothsrnaddotnstad Calbofrem allageasdtdldedi es

are adm nistered to a na |, preferably a human, in accord with known

met hods, Y§UEHY e e Q%ﬁ%_s(al&mﬂ? H%&Oﬁ&%t%-aﬁeégsu&lwhe}?er% W5{P BEE {huous

I nf usi 0”,@5’7@&/? (A6ib PR nRlestth Fenerft¥ ntibd @V Efe8RlerodyBb B ffedh@htion and

i ntraperitonea I ntracerobrospi nal, subcutaneous,"Intra-articular,
i nt¥ asynoubsquenthtraakéressatl ontraal57/Bbpibeckgroard (>iN3aked ised fooplteastypic

Intravitre adm. nj.strati.on of fibody is preferred.. In one
Lo merab SR eRS PR Eater Stiafa TSR it vty PlRlint S Reg
conbi nati on t hgtapyerattd e radbid @%%Mlaeram{agfedmpmrmﬁas?_eé-'c%dmsﬁmg

anot her anti bod are adm nistered to patients at

t her apeutCi-@aniny?/i@%rgéghﬂar ggét:t}k‘&,l{ B TOXAVPIEK (e HaiN{g Drand kEinilype and
cover 1 ki, SR ol A B B 19 19, ©
wheg her , doaisexiisidsed TS PONe 2c&adgme cHeRpoRtigy AUThiAD atidat 16031 (N 16921-
ot L e eissin B e Ghd pariied” The targenag)in the mautant Act whs SeRBrmed
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-



nore, depending on the factors nentioned above. For repeated

adm ni strations over several days or |onger, depending on the condition,

t he treatwenoiwmsosiepeat ed or sustained until a desired POPAISe@LI06655Df

di sorder synptons occurs. However, other dosage reginens nmay be useful. The
progr ess radintaiticd foh@iodry five deas(iPll y). il Giopsieh wyre asnvonptrangling &ehthe gdes and
assays, inc¢luding, for exanple, radiographic tunor imagi ng. The foll ow ng
Exanpl es a&rr@ﬁém dgvngys é&llq s hemezXEoUs Wildhds 8=8nsicroayiua sl hot i nt ended

tolimt Ho%z%ﬁ@%&ﬁnttﬂl%. present invention in any way. The discl osures of
all patent an Iterature references cited in the present specification are

her eby i ncor pddmaP&d thyriglefer evas gldacad ihdfiorPFénand tht yefEXAMPLsHESacdmrer ci al | y
avaj l abl e .reagents referred to in. the Exanpl es were_.used.according to
Tt act UPEIAEn Bt TS ROTEA BE Lo VYRS (R AT SREACS Y PARBAL ances
cited heﬁ%&sﬁﬁgaﬁt%e%ﬁb!nih?@ia%b@%% ¥cddah ecenl68: whEKMEBLE sille dbwRARL#g! S

I nvol ved 'in Nornal and Pathol ogi cal Angi ogenesis Al though the codi ng region
f or TSPANhd scctigning swriadenSentipes spaced Yamigrass afiancvardiohginedradsnametdifoce {see,
e.g., GennBankgrl)ar.AchcessinoqhI\?s. Ng/l 0§233 fori hTSF;tle Znnq Nl\l/l 173n00? for

T SPANT 2) O Kt H AT OBASIS Y € PRAR SERERO TR RTH RIS g CBdy P 181 el ht e

i ts functadl@withrh SBANTYL hcbnaekettults KOmattlg @ssela@:daeilie haine el cUiich hye OOVEINL | onal
met hods. Specifically, the targeting construct was el ectroporated into

1280 svEvBrde (deasifiod agsgwas pEingpest ferrthe elearitmy aeatifisation. deminnueyofid ng a

(al bi noy Sraer 8 Ee g AT AR BELER o QRIS (UL EREEal LR 2P Do)

femal es tmogeoelkdtaion ce that were heterozygous for the nutation and
subsequent |y backecrossed ontq C57/ BL6. backgr.ound (> nd used for
phenot ypi ¢ analwglfc{éypgr?@lraelﬁé%ls Fi sRIAtonS $W20 moﬁ%@ég, w&swlaam e and

fertile. Neigense Aedy AutaRhichnRObuclianalicaerium naed, GERANZARAsPec- C

agai nst the c-termnal intracellular pepti D NO 5)
anth af f i NTSRANLE miutaatimii¢e. hadémaksbly fave adowssideond g Figcl onldlesséatam naned

a- TSPAN12- Jos - inst a his-fta d. TSPAN12 fragnment. cor ondi.ng to
S o ol TR b PANTS 1 RaBidd i GO ok eoras R iy n s RERESRRINY, oo
The targeting AflertobSerdtzant fpﬁ&rﬁﬁ%ﬁ/@ﬁ tROROPIAGE ] BYe s2R-08 UBvdddRhent BERaNd

western blot fromlysates of Pl heads, which were enriched for TSPAN12 by

i munopr eelipsil vatcubitra oh adinaT SRANL I tha aypae 1@inasssupiriisial apssiuler elixex prigs si on
of TSPAN I&I*ZL %snesya%[iish%'d rotnil Seuo%%'c‘?‘Jc‘rdvefh%g&1 glrélpg%ta é&mﬁqg‘alstion of sprouting, migration
20 and remodeling between postnatal days PO - P10. Subsequently, vessels sprout into the
outer plexiform layer (OPL) and into the inner plexiform layer (IPL), where two capillary
beds are established, resulting in a three-layered vascular architecture. By P8 we found the
development of the NFL vasculature was not significantly changed in retinal wholemounts
of TSPAN12-/- mice. In cross-sections we found that the formation of capillaries in the
25 OPL had begun by P11 in the TSPAN12+/4+ mice while sprouting was 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 IPL. 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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expressed in the devel oping retinal vasculature at Pl 5 and in the neninges
at Pl . Little or no expression was detected in non-CNS vascul ature.
However, wio 20tya8081@d no | arge-scal e signi fi cant nor phol egiraskolosesat i on of
the NFL vascul ature in isolectin-stained retinal whol enbunt preparations
from TSPAN 12 T(@eﬂier;ehet 1!51&&10%5 ef WSBABHQGdnﬁ&QOﬁsCHhB@cteﬁz&Ubj'h&h@dy poesddur es
(Gerhardt, et al Bi ol 77 (2003)). Accordingly, we
anal yze t%@el?eemlof tl%mwﬁlfﬁ%laésw eﬁe@%gg kphcapi gh HPlocul ar

di sease ses
wer e gen g{t%(l(’etgp h@“f@e ?ﬁo {a)té ?m g@%ﬁﬁ@ﬁyé no;%(ér%)f} 0 %@e@rﬁ%ﬂﬂl%
(ROP). Si(Xuldttat €ied, lléi HBgOW 2004 )) laed Nonwim siupegt nnd:d‘(émhmammealplnaesed in 75%

an el s P hiieges oPEoR are ChF Tl B By e LA e 1 or

anot her frhi¢g debpesed Bddkifonal I@drhct&hs@ﬂé%eﬁ&eg\@faﬁaﬂé%ﬁﬁ’seﬁ% BRI d30eits he 37
ani mal s broke down as follows: honpbzygous w | dtype n=8, heterozygous n=21,

honozygouigandiNentin. ANegrin @utmmw Wéllblit gwcby@cmglqahmeumm@/&lmtmd t he
| eft -eye in dson'’ nea,and S.yere.
remover f O ReREE Suler B RF Bt bt ELs MR e B e BBt s
wer e pl acEsPAMIZ-henidt 8¢ konfotdl nhibstdpySreSdattrl HiRYsnclidmhNige VARuRECt i ONi ng
surface. Sections spaced 16 m crons apart were obtai ned and anal yzed for
nebVasculBlforapfions hafi weye reaarkplly stnibe 4m tosp eseidetinithp¥armia MHa! Bist om
desi gned G f y

associ at eﬂ% sﬁ@ﬁ&qtﬁg@ﬁ%rs %2@11}3&1@1 ‘& lgtrlp é\/%/eo?lé“%agglﬁ@ h@ 4 Bmeeéraéetgt%tns of
i nt erest Yool mtlhmlrgﬁnnttrhﬂbthntTS]i’AHﬂimnmcethm mammmwfon&)e\&&@ewm per

case, contai neovascul ar nuclei were quanti fj or assessrrent of
retinal nVéWZLVda@aW&%F BRI URhPGYpYarte Rglded e e% PRI i ons
desi gned o 4 pAg) th@gﬁnaf‘&‘e%y&ss&ﬁlf@AN Vel &hicala kel RrifARLAMES VERLIs kit & f ace
were identified (Fig. 1). In contrast, honbzygous TSPAN12 nutant m ce had
matkedl y rfoemelly netexasssddan theuetiedl V@F]u@.tu@)but fﬁhmsgutbaﬁtdalmﬁzdﬂ catted niibat  TSPAN

12 isre for vascularlz tion.in this e After
observi nabin NopRanl Rt FrBIRaBIRoaRF tn HUFJHEE B BRIHEISE ¢ e
retinal viggedlagfiwietheRagoriidal Wnt%ﬁlﬁ{v@ay and é}r&ﬁoﬂél%hﬁﬁulﬁt%ﬂ Seydoptatage il ci al
vascul ar plexus in the NFL is established fromthe optic nerve head through

a combi naate@m, ofir Islmnowpiq@arameglmtmtmf TRAN Birbdeict iylidseadibeil PN hamay days
PO - PI O 1 r qlgueeratfl }(No %I tsm%pgo%hl nto the outer plexiformlayer (OPL)
and into at i PEXPHOF mta rs%nl where two capillary beds are
esp@bl i shed resul ting in a thr ee- | ayer ed vascul ar architecture. By P8 we

found the
EXAMPLE 2. TSPANI2 1Is Involved 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
TSPAN12 is involved in Norrin-induced B-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 TSPANI2 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

TSPAN12 mRNA was reduced using siRNA (expression was slightly below one-fifth of
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devel opment of the NFL vascul ature was not significantly changed in retinal
whol emount s of TSPAN12-/- mice. In cross-sections we found that the

f or mat i orwof20m#BNsdBari es in the OPL had begun by Pl 1 i RCTuS200808¢852+/ +

m ce while sprouting was conpl etely absent in TSPAN12-/- mce. The fact

t hat TSPANh&okEXxpsl©ssid dountahatdeseiatiaduded, Fade/ VRES tlediatsdexptebsiowtvaot her
retinal tissues together with the observation that the retinal histol ogy
appear ed Y#8Y 1Vﬁ“h@ﬁ£#ﬁ%?@?%T§%@B%%§1 %§@§W%s i ndi cates that the vascul ar

defect is pringy P,hbﬂl)ragé’{hﬁ PR he TSPRNIBRACRL WERSnAlH f0lral
vascul ari zed, con defect 1s not transient. Instead of an
organlze¢xpammhham&whe@evm«ﬂhheﬁﬁhkﬁhmnﬁﬁﬁﬁﬂﬂﬁ%ﬁ¢hmhgmddEﬁpﬁwye@uﬁwﬁﬁmhat
enl arged and.tortuaus pi n the space bet ween FL and I PL. The

T Bk e SBfrmAE R R e RE G Nl nf 35 B RBisANEB of et i Sl
consi st enkLy, regriqed7 i Frdadphl wellhs Pad4. Ay @lodR iR FifNAC the thA)di 6@dck B t hat
neural cells were secondarily affected by defects in

vascul ar iERRANR mobletrnemedlateé Whéfﬁu@@tym@ cehonfgpAgnalxrgnsdydtion isepscific to

char act erj zed erf vascul ar

ol exus. ardd v Pt RO QL IO RRT Senlne AT HE S HAE Apear od to
be very sidpaliag i t(hlstdaﬁaym'sﬁngWYli&Sas tigpRgdngdo frlucEZigdalingt #Mvie WeGsurdtatet al .
Cell 116: 883-95 (2004)) and Norrin nmutant mce (Luhmann et al. Invest.

OpH hal nof SPANK2 didaot sigpigicantbaemhaee nydid) }nedwéedt wigtaking (gt O t\Wea obwratdder
TSPAN12- /4 L characteristic features that are
caused by g%ﬁﬁ%ﬁﬁgﬁ gx9ﬁﬁggghml gﬁllgand Norrin. Norrin nutant mce
exhibit very characteristic mcroaneurisns that extend fromthe NFL towards
t he inner nucl ear_| ayer at P 15. Strikingl anaI,S|s of P16 retinas of
TSPAN 12-/- nice B$AME LSRAV s Isbart o theVzdd-ReceplorGomplex, | j ke

vascul ar mal f qF FRpL&NS u‘&&B%H fM}?d’tl%n§ G ﬂRiaYloﬁ 'oFNbﬁ«{n/B Qatkﬂlﬂss?gn%ﬁg{t' bed in
the Norrin mutant mce. The simlarity of these highly characterTstic

mal ¥ or matwand bwax;pestqdpmcoledaltxy andlmtéracttwrtﬂhatmﬂmtehtsmﬁ themecepnorrmtrqxhdzx i ce and

in TSPAN 1 Ifornat vel ope al | tlcal time
it ot pasblTe e R e He S Bt (e e B psit RN e 55 1
the retinatra¥@mselys afd HASPAPALZ2/! Plagh£ Rien®rdRIFBY whdetbeR@stithal @i vessel s
that is normally not expressed in the retinal vascul ature but is

upr egul atatibody ¢y gan- mnblthb divingi ogieomenerand THRANIZ2duasedegected

l'i gand/regc tor conjyncti.on t he co:fece

act vat o PRSeganBAtles e SARIEARTRAER it Qo RERAER SN Bletalbmrtom o
b-2@at eniFxd4 @uprephenNet bhl@Isﬁrfﬁdbﬁff&fdl@ééll&aFidZ‘rﬂN@fnoTﬁE’pﬁNgélﬁmél didpesedl idiheat ed
that TSPAN 12 may al so be required for Norrin/b-catenin 5|gnaI|ng EXAMPLE
2 TSPLNIPasm membrape Juf instogd wag :@,qaqi pq@e 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

25 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 et al. supra). We

30 transfected HeLa cells with either Fzd4, LRP5 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, LRP5 and
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Based on the simlarity between the phenotypes observed in the TSPAN 12,
Fzd4 and Norrin KO m ce, we conducted Topflash reporter assays to determ ne
whet her T8BANLA3D%3i nvol ved in Norrin-induced b-cateni nPORtUS200g/08455Tg

t hrough Fzd4. The Topflash construct consists of firefly luciferase under a
pr onot er TSAAMI DinP3LdeHs d€Fused e susteshdtes Friraled asd Chorafatiematiesponsi ve to
canoni cal b-catenin signaling. construct expressin reqli IOI@E Juci ferase
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cont r ol . vi6h{g, Nouimsaskadtigrd nmreetboartegrotants iwerd ynildfyi ere$sliykakcandvhery di vi ded by

il tivity). t er.ni ned.. i n-nedi at i gnal i
bt ox, e RYoRTE i BA T HE - PG VBT By sy Sami T ot ont r o
cel I's (Figds3 Fur@bimARNESPANI? 9l cRABAHItAEPYF NORR wRRFLAPbut RRELA R and

| uci ferase expression was the sanme under all” conditions). W perfornmed
sim|ar exgaot meeatpstaiervizml dosFdzéadevasi firelepio dn TERAK, CO% ughsxpresigdéelausi ng

si RNA (expressi o i.ght | el ow one- f.i f. fcontrol JLeve| and found
That. Nor rTRITaGRaN SEANU AL RetnhgaP e BT bR NP B T) ThweTy
reduced fTAPAN NG phHRANE2aska@srkd dawmhe Fal4frdedpharcompxe TSPANIR&EIsfalsel ty Of
the TSPAN12 effect, we conducted several experinments where we varied the

fri%zl ed copresivitated dypirispvithigzddip shepbsemce oF LRE S deney deteregnissypaets krEwtNPusi ng

cells tr f8GH | t r i frl tructs
(Fadi, Fou, Opsiy- bR DRG] ShpEHALRRTIRR, BN Red ddSRYSH) FOREL ! OF
ef fect of TSPSBANLZDINR P®Hvetacoreplicsscé dn¥WISPANd & tvessiimnamopiecpithted) gnal
transduction. is specific to Fzd4, with a nuch | esser effect on

Fzdl O e dISSRCE08 WY _RR@WaN@%EC%(FéE-aﬁ)yzed_ the signaling in this assay

usi ng Wit 3a_asGitBe el saaRd AminbaHUR & NoSRahcBQnin s R b§qtg@9,1\tﬂzg§veT§£AN12

did not significantly enhance any FZD nediated signaling (Fig.
obs®r ved amnlyzédwhetbenil $BANEL pap Miitebse Masrrinbending) tnidzd4 EXGIVRISBughosT,IRANL2 | s

Part of the Fzd4- Receptoor. e i ndeed funpctiagns, duri

hi Ui ot GSP eGP B CHH TR Gl g b mbo P ARG o St R Babdp et ical i 2
and i nt erggtedM i s GRS oPfhab e -NSEAPERNi AR hi¥¥iunk. /BiRAHE bf figeAgst this
possibility we transfected Hela cells wth flag-Fzd4 (flag positioned

ext r acel INQrain|ty pelbndasimifgparhe presapea ehebsargenf it ARyt wisNaftinect ed with a
flag antibady. on non- ilized, living.cell J nd TSRAN12 was
det sct od Sopuglem iy RERTED) R we b O Buf b Pl F ATl

ati1on. I's “stai ni ng
par@di gmdxpxssbe ttvabtanhe katkdtigy pesstdNoah biRging wWd deetiptctdahace eel s.

Fzd4 was not honogenously dispersed in 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 TSPAN12 enhances signaling in a unique fashion. This is consistent with the functions of
several 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 Bvpassed 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
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pl asma nenbrane but instead was found to be condensed in nunmerous punctate
areas. TSPAN12 colocalized to a |large extent with Fzd4 positive punctae,
and in adsDtomv3egidurred in intracellular structures thaCTsSe@064555t ai ned
by the anti-flag anti body because the antiflag staining was done on the
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previous reports, we found that flag- AP-Norrin effici ently bound to cells

expr essi MAGE andgrueduping ¢orpiions npystlecd manpmenorrvikdtgposanddineranigiorinribiatt o

cells expressu TSPAN12 a In order t pr be for interactions
of Topanms e A PN B RO S Bienbhin ol BB Sat R e TSP AN 35
in 293 ceatdwidncbndfesh fevehiedthach i@l paNomth fofhed Hesbrand £nmblsesalfhamhpat i ve
tetraspanin in the respective controls. After incubation of these cells

wi th condﬁ@lie@H@rdV%@i ImeangiastaNATHGCPP R guusmt Ness mast] Mﬁlqn@@e(lﬁ @nehfapedno

i nternal i i d I rane
proteins rg?%n}%‘gﬁ % SQ'IZIE@EI@%C%&I I’I‘BtﬁgIl ﬁm%rﬁ?]%ggge%?% IIcrIgIIbSyISIOan I’-fl ag
anti body. byl\lmnbo\ml@ft hssomant)rh yr py ecdrpiotcatiad disaididlchbatta mtndﬁmﬂl&r ther @9ter nor e,

TSPAN 12 was coprec 4 ted by Norrin with Fzd4 but n d5, and was not
preci pi tate whWRD fI Herrifassonliics frgent a%lﬁ{l?lagrts ¢ PRInHBlf

expr essedor’fn rﬁulﬁ?f@ﬁzﬁﬁr nIcﬁé’c%Ies%o-EgD@‘?rde%nlt th@%en?&&ﬁ@ﬁidpén%ﬁc%q\ld(ﬁlhm Fzd4
by Norrin hus, TSPAN 12 i phys cally assocliated with the Fzd4

retept or qatmpi sgnalﬂigﬂstr&@ marsonadredN eojprERocdnave d obigst Nos rden weittansfezidd i n

t he absence of LRPS fro ter ent extract % NP-. 40 + 0.1%

N- dodecy | M HEF RS HAMEDL] ‘H@‘; ﬂ“Hbor ‘?%?&\e‘%ﬁ%sm ag@anitwaw%%\%m When
TSPAN 12 ranghtd: RROINMEBELT SARXIPRAR$EGn a{&q;rérs%ﬁéé\brla%sm% of TRFAGANER Y3 tatsed, no
association with LRP5 was detectéed (Fi 8). Gven the strong enhancenent

of Nor ri rxpresaioe oif mikitypea¥arrg chHjciasvA| @ed%@naw&’rwe@dl sl ing WITSPANIOR2 can
i ncrease rr| bi.ndi n 0 ceI I
et ect Sl AP e e wiRELRY SPLRPOIE tifadlifRr g2

S ub® equeniro) 19reabaf&ewﬁmac&mﬁ9r(aig a2y, MbﬂﬁercﬂNéﬂrag:%R MNafant, lhoCi/@{?@Il whoned
medi um Bi nd| ng of flag-APNorrin to cells was simlar in t he presence or
absence ofirtyabiyappctive ap cellsinofpysrespressing 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, TSPANI12 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-M 157V, which strongly impairs Norrin/p-catenin signaling but
maintains the ability to bind Norrin (Xu et al., supra). Aided by structural information

(Dann et al. Nature 412:86-90 (2001)), the M157V mutation has been proposed to affect
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concentrations tested (Fig. 9). To exclude the possibility that TSPAN 12
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of Mononeric Norrin CO95R Are Bypassed by TSPAN12 Norrin belongs to the
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disulfid t.et al. .. Endocrinol,. 15(5). .681-94 (2001 and it
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e
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expressed Vb-tagged wi | d&g}gw rrin and V5-ta9 ed Norrin 5R nutant in 293
, :

cel I's, andl2XY M&Es &beqtest apgh datgagt shepg n3rddroP agly
diti i t 1 i
S?Pt 'u a; f) Qﬁﬁﬁ*gﬁ%ﬁ@ﬁ ggglgaszg%z;nfglﬂeq ARG BNEL A8t NRK e onlibate

stent w'th previous reports, analysis
unter noM¥aduaendd Seami2t foriberrieareadcd df ZDHatlusperings (Y perdNb3B.i loft penaled 36 opans and

assenbl i es qf. hi gher I r .ght. In contrast,  Norri.n- C95 tant was

oot 1y B elToRy T Sad  Ron b gboexetelr BRTuEd fi gty oy NogE e et on
of total JrypDa BPRLACLAEY4 A RES coBRFEdsRIno S PRONLOMR Rt S BRACdFéd on of

by internol ecul ar disulfides at a position other than 5 g)r edi cted

. e
t hat Nor r(Freuss behiyighepancly, dé¢, filkhbaionbpgatler hose dakreindisaieribat AISAAN B andg

Bl G ) B BA g A e st ok ORGSR PO o

Norrin/ b-""caten si-ghal't ng, no rrin-

t hpe i deaigRlihg esafrect) gsbtbm eide pEdnieie BXDUTHSltiaferivatioht idei) Mot vatidn off FRDMr i n
C95R cDNA 1 n conjunction with the receptors to induce Topflash activity in
t he presé}Yclégaﬁiib%@nce of TSPAN 12 in 293 cells.

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 containing B-Catenin reporter mix (Topflash, pRL-CMV,

25 and pCan-myc-lef-1), LRPS5, and either FZD4 or FZD4-M157V. Twenty-four hours
following transfection, the indicated wells received 1 pg/ml of anti-LRP5/6 antibody. 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 FZDA4, reporter activity is activated by ~6-fold in the presence of Norrin. When
FZD4-M157V is expressed, Norrin activation is significantly impaired to only ~2-fold.
Adding LRPS5 antibody partially rescues the signaling defect in FZD4-M157V by

approximately 2-fold.
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Expression of wildtype Norrin efficiently induced Norrin/ b-catenin
signaling when 5-100ng Norrin plasmd were cotransfected with FZD4 and
LRP5, anawohelozdositi on of TSPAN 12 strongly enhanced t hiPp€TASRO09I05655T Fi g.
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phage ELISA. The resulting hTSPAN12 binding clones are further screened with His-
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Addi ng LRP5 anti body partially rescues t al i ng defect in FZD4- ML57V
byl @ppr oxt Rét &1 §1 2 thepmimaggrereumgoiropmrps; @naiion erijnopiy epdmajntreetiees t he

Def ect of f ti-No
Dt ot b I RRY (P, S S50l QOB IO gt Nore i n
mul ti pl e exehtdidéar I(Eipr(e@(hmimt el. smagsngleabélxm‘mvltMHyﬁﬁoIti)eﬁlrﬁnmnzlat| on and

hybr i dorra tech so use synthetic phage anti ody . lihraries built
on a sing! f‘a‘ﬁ%ﬁ%‘ﬁﬁ“@ﬁd%&ﬁP%&FSé‘Fﬁﬁio@ Bl ORI BiSHONS igd Yt r oduci ng

di ver Si t Y4 t - DR
and 1 ghtanc #g?frs]f;aﬂ'ﬂﬁy ﬁf?dftalaﬁﬁ%ﬂ @ﬁPﬁ’f tﬁl@ﬁ%ﬁtr@y@ %ﬁ"aﬁﬁ‘%q‘%“&ooﬁh&%ﬂﬁg .

al 15J. Biwas. pl@edmm D@Blﬂso@SﬁXatﬁfelTh@&ﬁrﬁé@ andHksg @e parmreldg”mm tdit eyavéorl i brari es

is perforne ai nst Hi s-tagge man TSPAN 1 d. on. Maxi Sorp(tm
) BT A A e 3B CB NP BRAMSET e ARk af G TS i AT D e
and speciftifig Ricndetichi®d &irfade T'Se'cflbrﬁsckph'é%dnl% RRAGR afhik SR obldfed ﬁﬂt&ntalya

hTSPAN12 bi nd| ng clones are further screened with H stagged nurine TSPAN12

protein tfer n@mmuiaylzetrl@sm@ga@@uﬁe@n@IS@h@%w@@ﬁq@mw wob |atcwtempﬂ¢a@@e<tl one,

varlablerelo ht . c ns_ar |nt
expr ossi dNCoREt B Ehh P B0 b B AR e R e RO i s
Heayy c ha{bgloﬁzﬂ@if ihtegdat fo hl@d zﬂgorithrn quantification. A minimum of 30 sectlons per case,

AN

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 invention
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.
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constructs are co-transfected into 293 or CHO cells, and the expressed

anti bodies are purified fromserumfree nmediumusing protein A affinity

col um. PwoiI2bicddosnt i bodi es are tested by ELI SA for bi n#Cmgist@9nsesenbi nant
TSPAN12 or Norrin, and by FACS for binding to stable cell |ines expressing
ei t her f WHAERChANBENISTSPANL2 or mnurine TSPANL2 in conjunction with FZD4
or expressing human or nurine Norrin. The anti bodies are then tested for

bl ocki ng t he enhancenent of Norrin-nedi ated, FZD4/ LRP5-nedi ated Wt
reporter activity b s I i : ]

Nor ri n-induce 'sigﬁgﬁﬁﬁgﬁygﬁ??@ #?Fﬁﬁﬁﬁg gg%%gggghggéSg@?%g??%g%gturation,
phage | i krcalar dscasicton cottieen ahisddigtce mithongivigoatsisocoropriGRRdoiopsern@DRiHe3, - H
and_-H2) derive the initial cloneof interest are constructed by soft
raﬁﬁonizéﬂiﬂ?%f$é§§@za§%g@ﬁgt each selected position is nutated to a
non-wi Il d type residue or maintained as wild type at about 50:50 frequency
(Liang et al., 2006, above). H gh affinity clones are then identified

t hrough four rbundsltsfmebodiof danphagleerganing HYP A2 astegdosths Buadih and nuri ne
Hi s-tagg TSPANL2.. proteins with progressively increased stringency.
EXAVPLE ?ﬂﬁﬁﬁﬂln%%wﬁg%ls of Ocul ar Disease W test the antibodies or
TSPAN12 pol ypeptides in nmurine nodels. For the nurine ROP nodel, pups are
pl aced in 75% oxygen (hyperoxia) for a period of five days beginning at P7.
At1P12, the ard-nal sTh&’rf@etE@fi of daian t.ovhaemtia FSRANG? enfggoiHepmpipes)2 and

mai nt ai n . f (P 17). Anti-TSPAN12, anti-Norrin antibody
or TSPAN&gmﬁgpagygg r%%grﬁ§F§§M?bop (e.g. Ho et al. supra) is injected
intravitreally into the P12 aninmals. Miltiple dose |evels and frequencies
are done based on predictions determ ned by antagqnist affinity and
stability. on %17, ?hz?én?tfﬂacﬁt)fs Ay $.ovhArgR e pHYDRNTIBE Kagmantiald SnP\éle-Zeye was

pl aced iQmﬁﬁ%f%E%HEK%aEHﬁ@&&MﬁmﬂI@@T9@4N?ﬁ and lens are renoved fromleft
eyes for pa aﬁ In processing and sectioning. Eye cups are placed in the

bl btk with the iris side down, facing the sectioning surface. Sections

spaced 16 m crons art ar tai ned, and anal neovascul ari zati on
torng tho Aperto scrsreBRges udf Bhsavierh e TEANT aRSRURRatHEN oar

al gor i t hngoniieR¥ARC rAindoWtufin cbhdtdmt&ion.associ ated with the NFL are
identified as regions of interest for the algorithmquantification. A

m ni rum of 30 sections per case, containing neovascul ar nuclei are
quantified for, assessne f.retipal, neovascul ari zat i.on, also test the
antTbodi 65 andpol yiearraeof e R ER RS G BuliR ey G fegion 15
nepyascullaGimat i on nodel . The foregoing witten specification is considered
to be sufficient to enable one

7. The method of claim 1, 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

25 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 hypertensive retinopathy.

30 . The method of claim 7, wherein the ocular disease or condition is selected

from the group consisting of diabetic retinopathy, AMD, DME, CRVO, and BRVO.

9. The method of claim 1, further comprising administering to the subject a

second anti-angiogenic agent.
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skilled in the art to practice the invention. However, various

nodi fications of the invention in addition to those shown and descri bed
herei n WiwbD 2bm/@pg1arent to those skilled in the art frorCTIES2600/08€67 Ng
description and fall within the scope of the appended cl ai ns. WHAT | S
CLAIMED IS: 1. A nethod of reducing or inhibiting angi ogenesis in a subject
havi ng an ocul gr di sease or caondifion associ ated w th _ angi ogenesis,

conpri si ng adnifhi stTelWﬂah%Ofﬂ@ns%b‘y@éfméh MFRBYRTAICAESIYS The met hod
of ¢l al MabimidlIREA! fiok Reorl BN AR RAIRA B rhitorPSt AOTEPATEIANLZoAQL T bOdy. 3.
The net ho ng cfaﬁggﬁ a%eréﬁk t he TSPAﬁl%raﬁ%agon?st conprlség a

pol ypepti de fragnent of TSPAN12. 4. The nethod of claim 3, wherein the

pol ypepti de fragne of TS 2. C ri ses, an extracel lL.ul ar donmi n of
TSPANLD. 5. THOS et HEQNROL L TS oP it nBarErH PG e A B Bgoni st
further GQMMKLSRY RAchARYIEHORL TSP AGONSI@dponisedi On. 6. The nmethod of claim
5, wherein the i munogl obulin constant region is an 1gG Fc. 7. The net hod
of claim1, wherein the ocul ar disease or condition is selected fromthe

group consi sting of.. di abetigc retinopat.h chor pi dal neovascul ari zati on
(o, Cage. el aoeq ThechRER bEGERLE ATRI Mg RS Gl Fand EENBSAT e
(DVE),  painbgbegi slormaerivascult® @nddthaRl ol fdauh Bick?avEGH)I st opl asnosi s of
the eye, central retinal vein occlusion (CRVO, branched central retinal
velth occlusion (BRVO), corneal neovascul arization, retinal

neovascul ari zat, on, ' - | S LuReLL:val

henor r hage, aﬁ'hy5@%5%%@@5@F$éP?%%§§%ﬁ§ﬁHﬁﬂﬁ¥ﬁ@%%§% ggygggg?g?ﬁ% ¥ wher ei n
t he ocul amtidodease or condition is selected fromthe group consisting of

di abetic retinopathy, AVD, DMVE, CRVO, and BRVO. 9. The method of claiml,

further conprising admnistering to the subject a second anti-angi ogenic
agent . 10. The jiet hoghoQfcthd @b IZim YA &I Rk HREV BEE ARE oaMk s aghAIATIE agent

is adm nistered prior to or subsequent to the adm ni'strati on of the TSPAN12
antagoni sinfibddy. The nmet hod of claim9, wherein the second anti-angi ogenie
agent is adm nistered concurrently with the TSPAN12 antagonist. 12. The

met hod of claim9, wherein the second anti-angi ogenic agent is an

15.  The method of claim 14, wherein the anti-VEGF antibody is ranibizumab.

16. A method of reducing or inhibiting angiogenesis in a subject having an
20 ocular disease or condition associated with angiogenesis, comprising administering to the

subject a Norrin antagonist.

17.  The method of claim 16, wherein the Norrin antagonist is an anti-Norrin
antibody.
25
18. The method of claim 16, wherein the ocular disease or condition is sclected
from the group consisting of: diabetic retinopathy, CNV, AMD, DME, pathological myopia,
von Hippel-Lindau disease, histoplasmosis of the eye, CRVO, BRVO, corneal
neovascularization, retinal neovascularization, ROP, subconjunctival hemorrhage, and

30 hypertensive retinopathy.

19. The method of claim 18, wherein the ocular disecase is selected from the

group consisting of diabetic retinopathy, AMD, DME, CRVO, and BRVO.
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antagoni st of Norrin or vascul ar endothelial cell growth factor (VEGF). 13.
The nmethod of claim 12, wherein the Norrin antagonist is an anti-Norrin

ant i body.wo4o10fizesiaet hod of claim 12, wherein the VEG- 0TAS000956553 an
anti-VEGF anti body. 15. The nmethod of claim 14, wherein the anti-VEG-

anti body is raoi.bi Zitahethddof Aairet d)ddrtiodr comprising gd@inistatindiottheigubject a

angi ogenesi s in a subject having an ocul ar di sease or condition associ ated
with angiSe¥Neatiangiaskpiciagsg admi nistering to the subject a Norrin
antagoni st. 17. The nethod of claim 16, wherein the Norrin antagonist is an
anti-Norrin anti body. 18. The nethod of claim 16, wherein the ocul ar

di sease or coriditi drheirsetbed ettlaidh 20, ovherdie thyrseugdcamtisaingidgegicafgentds abet i ¢

retjinopathy, CNV,. AMD, DME, pathal ogi cal. myopi a,.von Hi.ppel -Lindau di sease,
i S opt aciBLn SIS e e PerbeRIE B BRTRar bS ogil Bt Ton. ret; na
neovascul ari zati on, ROP, subconjunctival henorrhage, and hypertensive
retinopathy. 19. The nethod of claim 18, wherein the ocular disease is

sel ected from2Zne grhsupetbohel deirmg0,ofherdinbhst Secondeanitinangatdepic aghm,is DVE, CRVO,
and BRVO 20.. .The net hod of cl.ai 6,. further conprising admnistering to
the subj iy CEEoRaCar YA B i Pn BT L e mthod of ol ai m 0.
wherein the second anti-angi ogenic agent is adm nistered prior to or
subsequent to the adm nistration of the Norrin antagonist. 22. The net hod
of 1&1 ai m 20, wher ei thetpethedebelainn?,iwherqin Hipesrendapdmngiogehgmigaitds at ed
concurre i Norrin antagonist. 23. The nethod of claim 20,

wher ei n ?ﬁk¥gﬁ%%%a®gﬁfi-angiogenic agent is an antagonist of VEG-. 24. The
nmet hod of claim 23, wherein the VEGF antagonist is an anti-VEG- anti body.
25. The nethod, of c¢laim 23 erein the anti-VEG- antibody is.ranibizumab.
26. A net hod 02f4-tré%l%qrﬂﬁﬁ%ogg%?ldﬂ%%%g‘eoYEggﬁ‘HFag%‘ﬁt 1848 ARt wi t h
undesireqmﬁgakpgenesis in a subject conprising admnistering to the subject
a TSPAN12 ant dagoni st .

15
25.  The method of claim 23, wherein the anti-VEGF antibody is ranibizumab.
26. A method of treating an ocular disease or condition associated with
undesired angiogenesis in a subject comprising administering to the subject a TSPAN12
20 antagonist.
27.  The method of claim 26, wherein the TSPAN12 antagonist is an anti-
TSPAN12 antibody.
25 28.  The method of claim 26, wherein the TSPAN12 antagonist comprises a
polypeptide fragment of TSPAN12.
29.  The method of claim 27, wherein the polypeptide fragment of TSPAN12
comprises an extracellular domain of TSPAN12.
30

30.  The method of claim 28 or 29, wherein the TSPAN12 antagonist further

comprises an immunoglobulin constant region.
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27. The nethod of claim 26, wherein the TSPAN12 antagonist is an anti -
TSPAN12 anti body. 28. The nethod of claim 26, wherein the TSPAN12

ant agoni swocompsdses a pol ypeptide fragment of TSPAN12. PR9/USTHO/08EsHhod Of
claim 27, wherein the polypeptide fragment of TSPANL2 conprises an

extracel | ul ar donmaiTheaheth&PAMNAIZim 30).whbhen et iretumizloblubh BoR8and Fegéh iswher ei n
the TSPAN12 ant agoni st further conprises an i mmunogl obulin constant
region.Sﬂngﬁé nmet hod of cl aim 30, wherein the inmunogl obulin constant
region is an 1gG Fc. 32. The nethod of claim 26, wherein the ocul ar di sease
or condition is selected fromthe group consisting of: proliferative

r et i nopat hi es 32ncl ulliengetpodbf ¢lainal 6, wehediim ieet acnlar discmepacbyditi@GN, selahvisd

di abeti c and ot her ischem a-rel ated reti nopat hi es,,.DVE, ..pat hol i cal
oo R alBin ROG0: A e TeRinf SrishraBis ticbiae pruREY B GReEr RV
corneal ne@yeaa! eNVZANIDN diab&id 4Rl othGQUAS i -RI dt&PictiAbpat iR DME

subconj unctival "henorrhage, and hypertensive retinopathy. 33. The method of
cl ai m 32, pattiedogi¢at niyiepizoren Hippdl-bawse dorasgohigioplasmosis oS dkeye.dR Y OoRRIMEB

group consi sting of diabetic_retinopathy., ANVD CRVO, .and BRVO. 34. The
e hod_ or k] frbsEleufiBRik, SR b PR o B Sy ST 8 SeB e
second anihdh3pgrdgrdir&indgemty,. 35. The nethod of claim 34, wherein the

second anti-angi ogenic agent is adm nistered prior to or subsequent to the
adM ni stration of the TSPAN12 antagonist. 36. The nethod of claim 34,

wherein the segond t]= ' ' - 1.0t r r wth
the TSPANIZ antagor R hegPrrEm B Ramaky il A A Sh e foRanGH L BobY
ant i - angifege mccgrageodnsissingof dabeganiisdpadfy, NoADj DME, ORGP, andl@BR Ve net hod of
claim 37, wherein the Norrin antagonist is an anti-Norrin antibody. 39. The
met hod of claim 37, wherein the VEGF antagoni st is an anti-VEG- anti body.

40 The et nockor ol s oRPR rfer Bl VEGE AR BIRY o o LAicPLZUTRD. 4

1. A nethod of freating an ocul ar di sease o Ition associated wth
unifesi r edcanygl amgeanggigsnicrgentsubj ect conpri sing adm ni stering adm ni stering
to the subject a

35.  The method of claim 34, wherein the second anti-angiogenic agent is

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

20 36.  The method of claim 34, wherein the second anti-angiogenic agent is

administered concurrently with the TSPAN12 antagonist.

37.  The method of claim 34, wherein the second anti-angiogenic agent is an

antagonist of Norrin or VEGF.

25
38.  The method of claim 37, wherein the Norrin antagonist is an anti-Norrin
antibody.
39.  The method of claim 37, wherein the VEGF antagonist is an anti-VEGF
30 antibody.

40.  The method of claim 39, wherein the anti-VEGF antibody is ranibizumab.

42



Norrin antagonist. 42. The nethod of claim4l, wherein the Norrin
antagonist is an anti-Norrin antibody. 43. The nethod of claim4l, wherein
t he ocul awodowmssa3or condition is selected fromthe gr®ap/useeneioséssng of :
proliferative retinopathies including proliferative diabetic retinopathy,
CNV, AMD, di ab#tic AndtlaidiEtreasohanbadarelistacbricehdiniopatdociatd viAE,
pat hol ogi cal .nyopi a, von Hippel -Li ndau. di sease, .hi stopl asposis of the eye,
CRVO, Bmﬁe%@#ﬁéanogﬁ%vag &P RIFtFRMPERINE AEFTRISFT IR BRPAENATHIS 19 A1 BRI CCRoP,
subconjuq@&hﬁ%$ﬁﬁgﬂggrhage, and hypertensive retinopathy. 44. The net hod of
cl aim 43, erein the ocul ar disease is selected fromthe group consisting
of diabetic retinopathy, AVD, DME, CRVO and BRVO. 45. The nethod of claim
41, further copprisin i njsteri to.the subject a second . :

AT - angi ogeni 2 ageti 50 B AELH hduteBiin R s asRuRER A niNewgna

anti - angipggsdye agent is admnistered prior to or subsequent to the

adm ni stration of the Norrin antagonist. 47. The nmethod of claim 45,
wherein the second anti-angi ogeni c agent is adm nistered concurrently with

the Norrin antagoni-st. . The ne oq%of | ai m 45, wherein,.t.he. se ong
anti - angt ogeni e agert Tahah e TEAR e ToRiglar Dsc A SO RSFRER m s,
wher ei n_tfhan Wi@ro@nt@8Rahg bf:ipolaBradiné retMbfdthRR idcRby profiferdile dimiciod of
claim49, wherein the anti-VEG- anti body 1s ranibizumb.
10 retinopathy, CNV, AMD, diabetic and other iSchemia-related retinopathies, DME,
pathological myopia, von Hippel-Lindau disease, histoplasmosis of the eye, CRVO, BRVO,
corneal neovascularization, retinal neovascularization, ROP, subconjunctival hemorrhage,

and hypertensive retinopathy.

15 44, The method of claim 43, wherein the ocular disease is selected from the

group consisting of diabetic retinopathy, AMD, DME, CRVO, and BRVO.

45.  The method of claim 41, further comprising administering to the subject a

second anti-angiogenic agent.

20
46.  The method of claim 45, wherein the second anti-angiogenic agent is
administered prior to or subsequent to the administration of the Norrin antagonist.
47.  The method of claim 45, wherein the second anti-angiogenic agent is
25 administered concurrently with the Norrin antagonist.
48.  The method of claim 45, wherein the second anti-angiogenic agent is an
antagonist of VEGF.
30 49.  The method of claim 48, wherein the VEGF antagonist is an anti-VEGF
antibody.

50.  The method of claim 49, wherein the anti-VEGF antibody is ranibizumab.
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