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[0003] One drawback in the use of catalytic Abs is that they lack a device to target the
catalytic Ab to the malignant cells. Previous studies demonstrated that in an antibody-
directed enzyme prodrug therapy (ADEPT) or antibody-directed abzyme prodrug therapy
(ADAPT) approach, enzymes or catalytic antibodies can be directed to tumor cells by
chemical conjugation or recombinant fusion to targeting antibodies. However, a more
efficient alternative would be using the catalytic antibody fused to a targeting peptide located
outside the antibody combining site, thereby leaving the active site available for the prodrug
activation. For example, the fusion of Ab 38C2 to an integrin avf3-binding peptide would
selectively localize the antibody to the tumor and/or the tumor vasculature and trigger
prodrug activation at that site. The potential therapy of this approach is supported by
preclinical and phase Ill clinical data suggesting that peptides can be converted into viable

drugs through fusion to antibody Fc regions.
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Fc domain containing BsAb molecules in mammalian cells has made some strides.

[0006]  Another approach that has been used to target antibodies is through the use of
peptibodies. Peptibodies are essentially peptide fusions with antibody Fc regions. Given the
success of studies using random peptide libraries to find high-affinity peptide ligands for a

wide variety of targets, fusion of such peptides to antibody Fc regions provides a means of
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mechanism is well established for leukocytes and platelets that circulate within the blood

stream in a resting state while expressing non-activated integrins. Upon stimulation through
proinflammatory or prothrombotic agonists, these cell types promptly respond with a number
of molecular changes including the switch of key integrins, B2 integrins for leucocytes and
avp3 for platelets, from “resting” to “activated” conformations. This enables these cell types

to arrest within the vasculature, promoting cell cohesion and leading to thrombus formation.
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angiogenesis in vivo. The expression of avp3 correlates with aggressiveness of disease in
breast and cervical cancer as well as in malignant melanoma. Recent studies suggest that
avB3 may be useful as a diagnostic or prognostic indicator for some tumors. Integrin avp3 is
particularly attractive as a therapeutic target due to its relatively limited cellular distribution.
It is not generally expressed on epithelial cells, and minimally expressed on other cell types.

Furthermore, avp3 antagonists, including both cyclic RGD peptides and monoclonal
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The most promising phage derived anti-angiogenic peptide described to date, developed by

Amgen, neutralizes the angiogenic cytokine Ang2.

[0016] While the VEGFs and their receptors have been among the most extensively
targeted molecules in the angiogenesis field, preclinical efforts targeting the more recently
discovered angiopoietin-Tie2 pathway are underway. Both protein families involve ligand

receptor interactions, and both include members whose functions are largely restricted
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[0018] ErbB2 is a promising and validated target for breast cancer, where it is found both
in primary tumor and metastatic sites. Herceptin induces rapid removal of ErbB2 from the
cell surface, thereby reducing its availability to heterodimerize and promote growth.
Mechanisms of action of Herceptin observed in experimental in vitro and in vivo models
include inhibition of proteolysis of ErbB2's extracellular domain, disruption of downstream
signaling pathways such as phosphatidylinositiol 3-kinase (P13K) and mitogen-activated
protein kinase (MAPK) cascades, GI cell-cycle arrest, inhibition of DNA repair, suppression
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stronger, resulting 1 n enhanced responsi veness to
Moreowgr,aapidenfialopmabstadies Inmave isgg@stedgrlﬁmﬂuwa}ni edevargd IGRIsvelkiynd the

Er bB2 .over expression is_an_indi cator of poor prognosis
developmens OE o IR SaRAcEP M BOTHb Aplor 1iBe and s c§To

_ fol ‘ : hl val i
Fpes O O B0E BBy PP M oL
reducedpsuirmiaraly devehapment df metastesestand twhowede-differentiptiom i nduces

rapi d renoval of ErbB2 fromthe cell surface, thereby

reguci,ng. A avai |l abi |l it 0, het er odi [ and
10020 | * SRS TR ret bRl el bro REp B (RS el peen
implicaCddsif ivefmion gexeRRy dfffefdusicAndérd. NEXfédfise ot iMRIbIRAEHaS been
include inhibition of proteolysis of ErbB2's

achieveg?hoglh@@er@emallm grd chnicalysyvith e ingmber (.)fcﬁ@mf@giqsé@ﬁalntagonize either
T T L .

inhibitiéBPi)e eeetadasctionl (e.(geEG%FRy cbeld de reﬁ'éétiveil)ﬂ%tirhlbddnis&ted B¥ up-
DNA repair, ppr essi onof angi ogenesi s and i nducti on

regulatign of ﬁﬁaebﬁwt@ g@ﬁ@ﬁd@m’t% S e yrstigigdoratyvayapcanexample, a

6] . . . it . ‘
ot 8 B0 ol BB B Bl G PR
significduttppdifierent senditvénse EGFBRginbibiticandepeding on theinapabibify of
.ot t Jd.nitiatjon. 0019 not her. t ar el | u] ar

scivaiipl TR ndi 8 doa i s el o v

demonstRéRnrh&toveleihrebstdn add&rdcBvitforPoflTEGFERt & tulnor @8l ight contribute
ki nase that plays a critical role in signaling cell

to their gepisfanggto ghrmpherrpausle agenss radipion, @Eﬁy' Eﬁhﬁ;@y such as
3 [ . ' ..
Heroep A YA E B o R RPRC Bl B Ryt ipengpeed

sensitivitly lof anéraselll (FHERegirEr eXpr essi on.

[0021] EGFR is areceptor tyrosine kinase that is expressed on many normal tissues as
well as neoplastic lesions of most organs. Overexpression of EGFR or expression of mutant
forms of EGFR has been observed in many tumors, particularly epithelial tumors, and is
associated with poor clinical prognosis. Inhibition of signaling through this receptor induces
an anti-tumor effect. With the FDA approval of Cetuximab, also known as Erbitux (a
mouse/human chimeric antibody) in February of 2004, EGFR became an approved antibody
drug target for the treatment of metastatic colorectal cancer. In March of 2006, Erbitux also



Mor eover, epi demi ol ogi cal studies have suggested a

link between elevated | GF | evels and the devel opnent
w@L00wags80s hunan cancers, such as breast, col onPCT/USRY08/088337

and prostate cancer. Expregsi on of 1GFs and their

coghate receptors has been®correlated with disease

stage, reduced survival, devel opnent of netastases and

received fRgy appso vl fordhetetaentsiquanoene]l @rneies of thehepgl and neck

[ +f.ac t.Qr. I e
R T T L O R R
approvddf foenictagtatit valorectah badviet, | Neithea slripeie a sambiaborechgbntih colorectal

experinental ly and .clinicall ith nunber of
cancer < {Hey gge @@W@é@éﬁé&gm SastuRlaes E%‘F&“?-af,’t FQjpregtal cancer,
Erbitux B¢ 6848 th &frréllsilﬁgddn?\gh'mﬁﬁ'?ﬁﬂg Rinotcahll FLa MANRALRRY Fter

_ in“tunor c , 1 nhibition of one receptor function
disease peoggessivGRR) ocbllbwingflehrépyrimnidaiey, axelipletis-atmtiirinptecan-

. upregul ation of. oth ro factor receptor. (e.g..
containitich HefiiaR) sPtimehn FrayS o b RinsrEaTR hils @Rt ip sppyront
or metabi@ic SCOMN bﬁlg:wlfé?é Pt MAtiriin-BARd €BérhothéraB heX RIS SABGanced
.. equivalent EGFR had significantly different )
clinical $ia¢1s whiichi usp these BruBR1Q taFgdh non-cmall 6pld Huigregresrpmdatieongoing.
bilit: SN ) s Ceam
mhe se ARl A O BT IR g QU £ B,
Goldsteilg R0 8IS Tl €ghcehREs. VIS & X199 s B ParhtiNor 6,2C1,866) h@8inof
) IGF-1R in tunor cells mght contribute to their
incorporated &Y wetende chenot her apeutic agents, radiation, or
anti body therapy such as Herceptin. And consequently,
[0022] | NAIRILI2OR iR thel feizh SO @I HRDobS R sEREtivd prodrug
i ncreased sensitivity of tunbr cells to Herceptin.
activatip®) 9pdncE@Raps has heen systonicttymosiargetikg ndbe ptekertt inention

. d . tissues,as,.well .as neopl.astic
describg i pREoash Brissd omthe adnptariop of It bldin pepidgas R pigaar
recognifi¥iP 6% &in® (MRIDSNULIABE afeGnEs t0 ffulEQﬁ?h%ﬁbM@@th@b&?éc‘ﬁ@@'ly target

in many tunors, particularly epithelial tunors, and is

tumor cgis eicsodutdeimmiachlep véile e¢tpiningzthe pragdgumpantiyatiomenpebilityoefl the

-S| l.ng:thr ' r i ces..an £ - [
contyiE AL Sy BRI 88500 NS5 38 A AT,
mitigatabintHingitd the dndibodyiseaditionmin bitldinpeyite Ctha ahti by is)spedificity remains
) aEebru ry of 2004, EGFR becane an approved anti body
intact afier MRILAGREOT or the treatment of netastatic col orectal

cancer. In March of 2006, Erbitux al soreceived FDA
0023] 2Pk i L YR !

O B e R e A TP OF Lcle ol 3 Lan be
appended on gnshofithe teamirii o cighariheat erdight ehains ofiEGFRcalwnsibody. The first
roved tast.ati c | or Nei.t her

schemaﬁ? ged)r?sgntgfagsixgpr% .ng%l??ély g&i@ﬁ% p?ﬁﬁtg g"{lsg:&ig fh%lrc-termmus of an Fc.

This approach provided for the preparation of bi-, tri-, tetra, and penta-specific antibodies.

Display of a single MRD at each N- and C-termini of an IgG provides for octavalent display
of the MRD. As an alternative to the construction of bi- and multifunctional antibodies
through the combination of antibody variable domains, high-affinity peptides selected from
phage display libraries or derived from natural ligands may offer a highly versatile and
modular approach to the construction of multifunctional antibodies that retain both the

binding and half-life advantages of traditional antibodies. MRDs can also extend the binding



cancer - they were approved as add-ons to existing
colorectal reginens. In colorectal cancer, Erbitux is

W@ 2008088805 conbi nati on with the drug irinotecanPGrtS2008/088337
Vecti bix is adm nistered afiter di sease progression on,
or follow ng fluoropyrimdine-, oxaliplatin-, and
i ri_not ecancont ai ni ng chenot herap regi mens.. Erbitux

capacﬂh gEnesealyfe ariRodics spraviding fios am gEpRLIVE ﬁppr@e%h toggxend the

i BheSy A SRR i i s,

whi ch use these drugs to target non- srmll cell lung
carci noma are ongoi ng. SUMMEARMence of Erbitux or the
EGFR anti body, is well known in the art (see for

ex et 1: 31
(0024) TSR et Oniihlifh MgiReicd gy o RERH a8y b
modulabyecbgﬁmbﬁ demain GORD). Ao Qhﬂioaiéﬁen e ﬂrmnmhwbntmtar@maﬁ&nts

a .catalytic antibody faor selective prodrug activation
and defi“ﬂtaé(%‘éfé“cb H@Ibﬂ%ﬁsﬁa@%é‘@ﬁ adyRPenri ¢ tunor targeting.

The present invention describes an approach based on

th [ t
S B, Ry A R PSP ke TPt e
peptidel dnghdaspett, thedinksr pdpaﬂe &f Hepaean2to2(t peaptides lbngml‘r bettdes 4 to 10

bl I I whi | h . .
or abou 415§ PRRIIeS Lo 1 o1 Aepect (e Bie iy iem BT PRl B piice
compnséaehé\@aﬁe@@et}ées eSEOAD R®. AN thoasiesR SSGGGGSGGGGGGSS

ficantly mtigate binding to the anti

1 gn
(SEQ IDr N@ 1Dovrthe mm@n@%ﬁwﬁmﬂﬁtﬁﬂ @F@&Nﬁ’ ti9y Other

f D d
ke SR A S B R
wherei tHéalrk8s pép@ﬁe Refrep RBOEe2 @amaiyactds. t he term ni of

ei ther heavy or light chains of a typical antibody.
The first schenpatic represents a sinple peptl body. with

[0026] 5 fcisprdipg togagidet emberiment rthe Wi?%enéfn"ﬁﬂtl% is operably
linked %I:I;Hé @9 thi gﬁpéﬂdCIﬁQIhJ ¥a v#r BRaiRof Ilb@(ﬂf CIIl aIIf)ther 4 Iect’ the MRD
tetra, penta-speciTic antl I es. pray o

is operatily ghlgedl\ﬁﬂheaN -temginaldnd afi theChcagy nlnam of)ﬂmealntlb(gty |dn(yvt aiwther

aspect, YR RReP G 18 thed-totg it of sl Othe Eiboay

In anotﬁé}talsﬁ&fﬁI 1tBS MAID Qeder éﬂl’ﬁllﬁl&ﬁlﬁb iR NQBrnhalant o ﬁfI:Yllght chain of the

vari abl’e domai ns, finity peptides selected from
antibodyh dg @n@hgmsasyct,l tivlgrax ran;g MR Dgj axei opetibty lbakied 40 avyferminal end of

i.gan r hi ahl S n I
e 88085 SEEL 5 B SNBSS 6D PREHL o oo
termindél @hdPefthesntifody. ret ai n both the

[0027] In one embodiment of the present invention, the target of the MRD is a cellular
antigen. In one embodiment of the present invention, the target of the MRD is CD20.

[0028] In one embodiment of the present invention, the target of the MRD is an integrin.
In one aspect, the peptide sequence of the integrin targeting MRD is YCRGDCT (SEQ ID.
NO.:3). In another aspect, the peptide sequence of the integrin targeting MRD is PCRGDCL
(SEQ ID. NO.:4). In yet another aspect, the peptide sequence of the integrin targeting MRD
is TCRGDCY (SEQ ID. NO.:5). In another aspect, the peptide sequence of the integrin
targeting MRD is LCRGDCF (SEQ ID. NO.:6).



bi nding and half-1ife advantages of traditional

anti bodi es. MRDs can al so extend the bindi ngcapacity
W®200possseat al yti c anti bodi es, providing for anPCT/US2008/088337

effective approach to ext ew:l the binding functionality

of antibodies, particularly for therapeutic purposes.

SuU RY [0024] The present invention is directed
100291 (o _ er%b%ﬁﬂn%n q& Tt PSR BigRioT, Hiedrrest ofgfhe Midkus
angiogdrBC&EHkihe O (ﬁﬁ%ﬂ)&tﬂtﬁ@g)ﬁd@s cBEPodhe gn%i{i‘%%ugkﬁcﬂ&ﬁﬁ@ nt

i nvention are variants and derivitaves o
targetingiRbBoid MG ACINFNMEMRPLEQRDYH@IRYQGIE (SiEQ d4BpHEL:7).t e
ant i and, the MRD e operably li.nked thr a
anotherfihecd IR pBt SORNETHARE abBERN diaoin FepeBa MDAt
MGAQIFMERICNDBLEO YPEHIL AeGIEEQ . Net:3ran yit &%t%ég aSpect, the

.. about 4 to 15 peptides long. |In one aspect of t
peptidesequsage of the engipgenic eyieking tatestingddRDde conpri ses t he

R TR g o IS0 g g
peptide SEEHEREESEEROEGERGRDT €56kt Brding MRD.isQt her | i nkers

AQQE R N s R G SR e RS o MO e GE ML
rQ1ErsD e o s LORREL SN Dy
targetinigé\/I_B.Ds'B W&QTINHMWEEELN—YEEQFTL@GI&E aseq riDhBT(]I'Jje_Bl\).y In
S35 o OB B SERE i SN,
PXDNIORBLNYO{SHG D a0b ! tlQ?, YwHake %88 oRNGHEDO glﬁo&?%l}u?ctﬁgﬁ]n:gg%%ino

) is operably linked to the C term nal
acids. larpapthenembedimgnt, hsgangeting\VERID pepsidedmp 8etcore fequiiRB i s

i N:termnal end. of the |ight
MOAQIREMO LD Rehio®, M SiiiepmERiodecidiig 1 Hgp about 0
to15. MRDs are operably linked to any term nal end of the

anti body. In another aspect, two or nore MRDs are
operably linked to two or, nore term nal ends of the
[0030] hf ?}t?&l{ﬁf e egfrl}enra Ahe,iseecting MR Rsplids canfaing ease sequence
selected fi¥@Ntion, the target of the MRD is a cellular
antigen. In one enbodi nent of the present invention,
the target of the MRD is CD20. [0028] In one
XnEFAENGBYN méware ofs frame aprw §d0 650 iamimnadidresidube(SEQ fRINQ@f 220 he
MRD is an integrin. In one aspect, the peptide

f I L egrin hargetin | Sqn X1 (SEQ
XoELAFRFRESRGR n {1 SRR ShBBER ssid e RPNk tToe
the integrin targeting MRD is PCRGCL -
XnEFSPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 28);

g

XnELEPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 31); and

Xn AQQEECEX; X,PWTCEHMXn where n is from about 0 to 50 amino acid residues and
X, Xj and Xj are any amino acid (SEQ ID NO:57).

[0031] Exemplary peptides containing such core peptides include for example:

AQQEECEFAPWTCEHM (SEQ ID NO:21);



(SEQ ID. NO:4). In yet another aspect, the peptide
sequence of the integrin targeting MRD is TCRGCY ( SEQ
WO I09BK380B) . | n anot her aspect, the peptide seRUENS2085088337
the integrin targeting MR 1is LCRCGDCF (SEQ I D.
NO. :6).[0029] In one enbodi'ment of the present
he et of the MRD is an_angiogenic

aoQERgHERPHER pANGRAS EeR bsrhdsigsis st Wi CampaLE
(SEQ IBN\@h.0geni ¢ cytokine targeting MRD is

MGAQTNFVPVDDLEQRLYEQFI LQQGLE (SEQ ID. NO.: 7). In

anot her aspect, the peptide sequence of the angi ogenic
AQQEE@EMP%TQWWSE@IINNO i24); MGAQTNFMPVDNDEL LL YEQFI LQQGLE

(SEQ ID. NO.: In yet another aspect, the peptide

e R

(SEQ IND:In&); aspect, the peptide sequence of the angi ogenic
cytokine targeting MRD is

A GSTASSGSGSATHQEECEWDPWI CEHMLE
AQQEQ%W%%&% b her aspect, the peptide

sequence of the angiogenic cytokine targeting MRD is

AQQEBRCHIING YePINAE s N XEE $ ©OBA 5 S GSER AT QREC EFE MV TEHMLE

anot her aspect, the peptide sequence of t he angi ogeni c
2xConFS(SEK H%NQ\QQ);U ng MRD i s PXDNDXLLNY (SEQ ID. NO.:
12), where X is one of the 20 naturally-occurring

I .gybodi ment, the targeting MRD
AQQE%@%@I@{M@E@Q% ?e 8énce MGAQT NFI\/PI\/DXng(SEQ I D

NGO 56), wherein X is any amno acid and nis from
AQQEEMSLEP W TIGEHMGSGISOGGE G STASSIBSG SATNIQERSRLEPWECEHMLE

ng MRD peptide contains a core sequence
(SEQHéﬁ(gézévd from XnEFAPWXn where n is fromabout 0 to
50 amno acid residues (SEQ ID NO 22); XnELAPWXn

AQQEE@EF&PWT@I&M@IS@QP@}GQGISQA@CFSGSIQTEQE@OE%WEQ%QE
25); XnEFSPWI'Xn where n is fromabout 0 to 50

(SEQHAMQ}&?M d residues (SEQ ID NO 28): XnELEPWIXn wher e
nis fromabout 0 to 50 am no acid residues (SEQ ID

AR R T G s S e AN ke TP o e

(SEQ Hamo.am),amdacu d (SEQ I D NO 57).

AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10).

[0032] In one embodiment of the present invention, the target of the MRD is ErbB2. In
one embodiment of the present invention, the target of the MRD is ErbB3. In one
embodiment of the present invention, the target of the MRD is tumor-associated surface

antigen epithelial cell adhesion molecule (Ep-CAM).

[0033] In one embodiment of the present invention, the target of the MRD is VEGF. In
one aspect, the peptide sequence of the VEGF targeting MRD is
VEPNCDIHVMWEWECFERL (SEQ ID. NO.:13).

[0034] In one embodiment of the present invention, the target of the MRD is an insulin-

like growth factor-I receptor. In one aspect, the peptide sequence of the insulin-like growth



[0031] Exenplary peptides containing such core
peptides include for exanple: AQREECEFAPWCEHM (SEQ I D
WONEN02/038805 PCT/US2008/088337
AQREECEFAPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEFAPW CEHMLE
(SEQ ID NGO 23); AQQEECELAPWICEHM (SEQ I D NO 24);
QQEECELAPWFCEHI\/GSGSATGGSGSTASSGSGSAT ECELAP
factor- PRIV SE UMD RAT YE)L ol RECALSA COPESRE K (SFRID

NO:14; Qe Jpeye 5 e s, Sraamme ey e
formul PNEYIQES X SHXSOXNPAERSR G RRIQHIET GEVBERHT) NEEES)| Bhéi€in X, is

E or Dz%&%&ﬂ%ﬁ%@w&&@mﬁé@&%&mﬁm
acid. (SEQ ID NO 32);
AQQEECEFAPW CEHMGSGSAT GGSGSTASSGSGSATHQEECELAPW CEHMLE
(SEQ ID_NO 33);
[0035] AQDEsEEtyFwPEEFBECOARIC eSS CaTEPHOEECEF SPWT CEHMLE
(SEQ I D NG 34); and
AQQREECEVIDPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEWDPWI CEHMLE

NFYQCIHMLABHPNBK SRG)W(QRORZIGG (SEMED &vth@diy;nent of the
present invention, the target of the MRDis ErbB2. In

e Qe B G REG R Rl AURIART e, Lot o

invention, the target of the MRD is tunor-associated

NFYQ@mEmg@)d;EIQSRGqWQE@HMG ¢Skd IB(N@%W?” nol ecul e
(Ep-CAM . [0033] 1n one enbodi ment of the present

i nventi on, thetawg)et of the MRD is VEGF. |In one
NFYQ%‘{TGP{%@WQ EERTUER(SES IR NO:3BGF t ar geti ng MRD
i s VEPNCDI HYMAEWECFERL (SEQ ID. NO.: 13). [0034] In

NTYQEEFA Bl BRI e taroet of

NFYQCIEALQSRPAEKSRGQWQECRTGG (SEQ ID NO:’ 40);
NFYQCIEALSRSPAEKSRGQWQECRTGG (SEQ ID NO: 41);
NFYQCIEHLSGSPAEKSRGQWQECRTG (SEQ ID NO: 42);
NFYQCIESLAGGPAEKSRGQWQECRTG (SEQ ID NO: 43);
NFYQCIEALVGVPAEKSRGQWQECRTG (SEQ ID NO: 44);
NFYQCIEMLSLPPAEKSRGQWQECRTG (SEQ ID NO: 45);
NFYQCIEVFWGRPAEKSRGQWQECRTG (SEQ ID NO: 46);
NFYQCIEQLSSGPAEKSRGQWQECRTG (SEQ ID NO: 47);
NFYQCIELLSARPAEKSRGQWAECRAG (SEQ ID NO: 48); and

NFYQCIEALARTPAEKSRGQWVECRAP (SEQ ID NO: 49).



grow h factor-I receptor. In one aspect, the peptide
sequence of the insulin-like growthfactor-1 receptor

W@ 2009088805 MRD i s SFYSCLESLVNGPAEKSRGQADGCRKK E(SE@B2008/088337
NO 14). Oher illustrativg |G--1R targeting MRDs
i nclude, for exanple, a peptide with the

TOM Ul aNFY X1X2LX3X4X5PAEKSRGQMJECRTGG SE
[0036] noIms@ye enpprsiaent okthe rresenpvention, fhe targgt %ﬁ-ﬁ(‘ﬁ M?%JE i1y tuggor

is any amino acid; X4 is any amno acid and X5 is any

am no aci d. [0035] Illustrative peptides that contain

the formul a include: NFYQCI EMLASHPAEKSRGOWQECRTGG ( SEQ
[0037] | DImNane @Ebodiwﬁﬁ@tklmm@ﬂpmmmW theNRD [ an epidermal

growth %ﬁ?ﬂ%ﬁ@% PAEK %‘re&%ﬁ%\%egﬁgrp tﬁg a.’rget of

the MRNAY@BLYb M&@Wﬁﬁn&ﬁﬁ@tﬂl Rnt 3kirtion, the target of
) NFYQCI EAL QSRPAEKSRCOWQECRTGG ( SEQ |E§) NOn 40)n 1on, T TIEE O

the MRFY @ERERip SREPRERSRCGONECRTGG (SEQ | D NO. 41);
NFYQC!I EHL SGSPAEKSRGOWQECRTG (SEQ I D NO 42);

[0038] NF@@@@%@QE@ ﬁ“ﬁge@@%e@/r@ isﬁgajscular homing
peptideNEYQR! EpkG] FRAENSRGMIECROCHeSEQ D Htifﬁingﬁépjtide is
ACDCR B GRR  SEFAPROHGMOCRTG (SEQ 1D NG 47).
NFYQC! ELL SARPAEKSRGOWAECRAG ( SEQ | D NO. 48): and
[0039] NFY{XAFAMRNTRAR SRR chtiRE X HeRaf¥et 048 MIROISA nérrx}e

one enbodi nent of the present invention, the target of
growth faggonnRmone ofithe presentdnyangen. the endxydy bindsrie aselb swifsrerantigen.
of the present invention, the target of the MRD is an

o040y P OSKEB A Lk Qo RSB 1Bl (VB i o orm.
ErbB2, WrEB3,EraB4 002 0dasilia-lfkeqirowth factoph eecepion dir @mstat@ﬁpebffﬁ:

resent invention, the t et of the MRD i
membr%wgqnggghl qng@g?ﬁcglt e pepti egequence of the EGFR targetlng MRD is

VDNKFNKELEKAYNEIRNLPNLNGWQMTAFIASLVDDPSQSANLLAEAKKLNDAQA
PK (SEQ ID NO: 16). In one aspect, the peptide sequence of the EGFR targeting MRD is
VDNKFNKEMWIAWEEIRNLPNLNGWQMTAFIASLVDDPSQSANLLAEAKKLNDAQ
APK (SEQ ID NO: 17). In one aspect of the present invention, the peptide sequence of
ErbB2 targeting MRD is
VDNKFNKEMRNAYWEIALLPNLNNQQKRAFIRSLYDDPSQSANLLAEAKKLNDAQA
PK (SEQ ID NO: 18).

antigen.

[0041] In one embodiment of the present invention, the antibody binds to an angiogenic

factor.

[0042] In one embodiment of the present invention, the antibody binds to an angiogenic

receptor.

[0043] The present invention also relates to an isolated polynucleotide comprising a
nucleotide sequence of the antibody. In one aspect of the present invention, a vector

comprises the polynucleotide. In yet another aspect, the polynucleotide is operatively linked



[0038] In one enbodi nent of the present invention, the
MRD i s a vascul ar hom ng peptide. In one aspect, the
wpepogk8osequence of the vascul ar hom ng pept i RET/US2008/088337
ACDCRGDCFCG (SEQ I D. NGO 1?%. [0039] In one enbodi nent
of the present invention, e target of the MRDis a
. nerve growh factor. In one of the present invention,
with a regulatory segyeRceghat sentrels sxpressionson ths pelyaneleglide: Ipoogespect, a

' , ent invention, the
host cegg?@ %%eﬁq%fﬁ‘k&%%“%?"ngst"?ﬁ“’%%ﬁé ErbB2, ErbB3, ErbB4,

CD20, insulin-like growh factor-1 receptor, or
[0044] pr 3t ateseryprEnfipe alse ndlatas o amethgd of treatingredissgse e subjedtan

eptide s nce of .the EGFR targeting MRD i . .
necd thRE o e e PR AR R RSO 24 R ER HBARD s opaci gz
MRD. QfoftKasp&EtQhk Qistke id Banced. NInQGABtHRS BPebt, uhdSir&EMdiéinesis in
. ... sequence of the EGFR targeting MRD is
mhlblte(?D&KF ARTRES RSP RICHEITAFI YASE Y/ DIDPSOSROth e /Epec tNIDAT

( SE J - ln.Q of the present .. .

srowhd (R TR e embbdimerd (18R 87 BF Ll SR FR T mipierive
an additisnadV IS/ BDOAY W¥bh Akt ANINNNGEE|RAFomprising an MRD is described.

GRSL YDDPSQSANLLAEAKKLNDAQA PK (SEQ I D NO 18). [0041]

I n,_one enmbodi nent of the present invention, the )
[0045] an?gsawelﬁilwgﬂ% alsh relpigs &) W@Oﬁggfr@kmg[ao@li_éfngﬂh agfihody
compri%ﬂ?@@l}l@rﬁ d&krib&e 1R'RE 8lect, Weelolﬁﬂ[fgaiesi]bgd_rﬁgﬁﬂ J’ﬁﬁée tdisplay

_ inds to an angi ogeni c receptor. 4 e presén
library.i BN amitheyraspdes she MR esderived fronsmwitatkldgands.ynucl eot i de
conprising a nucl eotide sequence of the antibody. In
on ect of th resent.invention, .a vector .
(00461 o T RS Oodleny it P R et iy, ot Rady Weemiraeriseds
humanizéd® pol ynucl eotide is operatively linkedwith a
regul atory sequence that controls expression on the
pol ynucl eotjde. In one aspect, a host cell conprises
the pol ynudRIEF BESCRUPHONOF THEBIGERES,  econt

i nvention also relates tova nethod_o% treating a
[0047] di FEGSEstRWIYRE §hbembafic RPFGAREEEOH ditierdRf géég%@qyf tdtfialent IgG-
) nmet hod conprising adm nistering an anti bo conpri si ng
like BsAbs.MRD. I n one aspect, the disease is cancer. In

anot her aspect, undesired angi ogenesis in

[0048] FIG. 2A shows a typical peptibody as C-terminal fusion with Fc.

[0049] FIG. 2B shows an antibody with a C-terminal MRD fusion with the light chain of
the antibody.

[0050] FIG. 2C shows an antibody with an N-terminal MRD fusion with the light chain of
the antibody.

[0051]  FIG. 2D shows an antibody with unique MRD peptides fused to each terminus of
the antibody.

[0052] FIG. 3 depicts the results of an ELISA in which integrin and Ang2 were bound by
an anti-integrin antibody fused to a ang-2 targeting MRD.



inhibited. In yet another aspect, angiogenesis is
nodul ated. I n yet another aspect, tunmor growth is
wo popsssesd. | n anot her enbodi nent, a net hod ofPCT/US2008/088337
treatment conprising adm niit ering an additi onal
therapeutic agent along w an anti body conprising an
escrl bed. {§0045 The .present invention_al so

[0053] eBé@e‘é gRicts thederds % %gn Whychy iptegEn gnd ARG Msgriound by
t, the MRD
o et B D e BB MR ey~ TN anot her

as ect, the MRD is derived fromnatural |igands.
[0054] [ ocMG] 5 tepictn theaeiidtsiofien ELEBA i svhinhemmti- ErbBarantibody whefused

IS i c or humani zed. BRI EF DESCRI PTI ON
tom@?‘&ﬁ%ﬁ%ﬁ@oﬂ] FIG 1 shows the schematic
representation of different designs of tetraval ent

[0055] | 9BIGKE dBsiétl $he feSABGIf afr IFEIS 2 An SIhidhSandA hgPPiafp@ting MRD was fused
pepti body as CGtermnal fusion with Fc. [0049] FIG 2B

to a hepghesyte gﬁ“’é‘hfﬁ"ﬁ’éd%ﬁemor Ringing angibpdhal VRD fusion with
the light chain of the antibody. [0050] FIG 2C shows

an t '
0se 1 10 s 4 LTSRS, R B WD v
ﬁlsedt‘aamEthB%/bmdmgauthﬂye MRD peptides fused to each

term nus of the antibody. [0052] FIG 3 depi cts the

100571, § s e oy b BB DSt PRLBEE T RERHEMRD ves

fused té ah BEHal DwitReR) rdckfior BindBipl Mitibodshe results of an
ELI S |(§1tgtv\d,1¥ﬁch i ntegri nﬁgnd Anmgglz vvere}hbound by an

integrin antibody fused to a ang-2 targeting NMRD.
[00581[ o@éﬁ] 9 mHepictsthe egspks of amBLISAsin whickh an insulm-lika grawtiiacer-1

recept"?%?g%@ﬁ%??g% ?ﬁg%@@?ﬂlg%ﬁzéﬂgﬁ% cts ?%ZRPe:ﬂ: ;:I; of an

ELI SA in which an Ang2 targeting MRD was fused to a
[0059] hepgaGoty depigs thetrhsulimolf en BLESA pi ehidhi anEGY-targetibp MRD was

G,. 7 de ts the results of an ELI SA in which
fused t{’aﬁn ?64]%% mggp{j@? Yng MRD was

[0060] FIG. 11 depicts the results of an ELISA in which an integrin targeting MRD was
fused to a catalytic antibody.

[0061] FIG. 12 depicts the results of an ELISA in which an Ang-2-targeting MRD was
fused to a catalytic antibody.

[0062] FIG. 13 depicts the results of an ELISA in which an integrin and Ang-2 targeting
MRD was fused to an ErbB2 binding antibody.

[0063] FIG. 14 depicts the results of an ELISA in which an integrin targeting MRD was
fused to an ErbB2-binding antibody.

[0064] FIG. 15 depicts the results of an ELISA in which an integrin, Ang-2, or insulin-
like growth factor-I receptor-targeting MRD was fused to an ErbB2 or hepatocyte growth
factor receptor-binding antibody with a short linker peptide.



fused to an ErbB2 binding antibody. [0057] FIG 8
depicts the results of an ELISA in which an integrin
W 20090888079y MRD was fused to an hepat ocyte growedir/Usamn&iess337

receptor binding antibody.,J0058] FIG 9 depicts the

results of an ELISA in vvhi]c an insulin-like growth

fa r-1 receptor targeting MRD was fused to an ErbB2 .
[0065] ; %iﬁ?néﬁ dempicts @a%;r.emrltm%@}l EHIBA in svhichandintegripeApgr2y pr igsulin-
like grodfth #etdzH! roephdt-tib¥efily MR Fas (e 8 AP BrIYPRMRDatobRE drdvith
reE an ErbB2 bi r%i n%@gn{fgi bg%fg. afoogg] FI d 11 rgggf‘é’@ %ﬁe
factor receptdribindifg amtitiedy SAthi anlongliokergepiidd. egri n t argeti ng MRD

was fused to a catalytic antibody. [0061] FIG 12

depi ct R
png- o- ¢ RAFAIEIN PESCRITION S TREVENTION, | g,

ST uSet—t 0 Catarytctrt—a

[0062] FIG 13 depicts the results of an ELISA in

[0066] WhiThé teim ‘lantiegiy” us@dkeréifigo Zeftdto 3ot 1thnVNOg MBS 1iA usoRstuled and
) an ErbB2 bindi ng, anti b,og\%i# [0063] FIG 14 depicts the
include; galyrloaalsnd gpenociogal antibagies ichimerics siaglei chaina angbhyraanizadD

; f : b, ndi | ~nkQ064
anibodt3s AIEEET AR08, P B ol R AR a2 3 pld ot tD)
chains iAteg-cBnnested bysdibulfidé kendgr Batthhdaxgtchainlis comprised of a heavy chain
. t or.-t [ f d to _an ErbB2 or
i SR AR RS, VS5, UES 18,20 LA B0 o e

chain c¥hstdht PegbdiOfs copRKQY oRBRE deMaliRO6H], FGndlEHdeRichlIHht Bifiin is
results of an ELISA in which an integrin, Ang-2, or

comprijedofailight mingvarieble fegiondablreviatcd pewin asa¥ geni ndighREhavas

constan) 13585 TRe BRnHORR colvBoREoRey foatiogig! PR goRAie Gt Hhe Vi and
V|, regibiisTédh e PufdrSGRb AV idelNifth rekifas! Y Qﬁl{il@[?%hné_d‘e term

"anti body" used herein to refer to intact
complemepiaRbdGHminiag segiens(CAR)ainderspessed vaith ¥egiops Ithnt ate mong

j I.eSxn6hi {,C...Si chai n, ~and
o BTGy 0 0L TP gL AT s
four FRIsﬁﬁﬁﬁngb&\ﬁohﬁﬁiﬁﬂo{téﬂxgﬁﬁﬁabmb@ﬁﬁl-ﬁeiéminh%ghﬁe ﬁd;llov@ihg 'rk])ftfcr: FR1,
' - t i sul fi de bonds. Each heavy chain .
CDRI, ?@55@933?5& @151‘3}/%%%@11%%}49 GARRIoB PLE Bgrrand Light chains

containGHHMIRY HSheH thanifkmcRSviMdn Altgef heavy chain constant
regi on. The heavy

[0067] A “dual-specific antibody” is used herein to refer to an immunoglobulin molecule
which contain dual-variable-domain immunoglobins, where the dual-variable-domain can be

engineered from any two monoclonal antibodies.

[0068] An “antibody combining site” is that structural portion of an antibody molecule
comprised of a heavy and light chain variable and hypervariable regions that specifically
binds (immunoreacts with) an antigen. The term “immunoreact” in its various forms means
specific binding between an antigenic determinant-containing molecule and a molecule
containing an antibody combining site such as a whole antibody molecule or a portion

thereof.

[0069] The term “peptibody” refers to a peptide or polypeptide which comprises less than

a complete, intact antibody.



chain constant region is conprised of three domains,
CH1, CH and CH3. Each light chain is conprised of a
WO pghossshmi n vari abl e region (abbrevi ated her ePCI/HS2008/088337
and a |light chain constant ,;egl on. The light chain
const ant region is conpri s%d of one domain, CL. The VH
[0070] of dl}li%/lgg%ggaqapgl O )F gé]cyglqufermrt heu(r§ 1 bcgq,\é{aﬁng)%i\{n tl())lo{oglca?materlals

such asdaeﬁlﬁﬂéf& A hdI&URNSol )ies hgétpc@ﬁp ahsafk lﬂﬂe [Bret £@1tREAR which

hat are nore conserved, térmed framework regions
are fou(lcﬂim)natlza@hdvmmndhfvdbyslmm(bsmg of three CDRs and
four arrangedfromamnotermnusto

[0071] ¢ a“‘RP&éé@%&lg%%' “ fers:;% ffp%?hg{“oggf %rg ody gbol%%%esgg%cﬁgtain
only od&%@&!c}ie%ﬁimhb@d}f cotiihing sie B&}ﬁlbna o iRinffoRAcURIWItA atﬂaﬁicular

interacts with an antigen, 67] A "dual -specifi
epitopea } PoBaglongl antibedy thuy Episally dlrsemi a ﬁl@gkrbmdmg. ﬁﬁgnmfm y
[ r
epltope@n%ﬂu?%gcﬁogm&c&gﬁi z‘?ﬁ%lﬁglzlo Qvagl?:gg gﬁ'lepef(r)]reccgntabn an
antlbocb'ngn)lﬂaﬂe bavifig @ Ipihmiiyty b\ﬁ/ﬁntﬂhﬂd@&bﬁib&hn@ﬂtdskmdh eramun0§E8ific for a
anti body ni%Jnln it js.that structural
dlfferelﬁtfﬂtf)% & aamSpSﬁ HicgBeRPciAsrbaiibadtonpri sed of a heavy
and |ight chain variabl e and hypervari abl e regi ons
[0072] t N2 5B A A rebsBnltiorddnstin’( ¢ Of e@fdeBbifitiing)pepfide” is a molecule,
antigen. The term "i munoreac inits various forms
such asrreprateins ghisiopiotein andithedikiocthaeen saeplﬁmllygamwnandomly) bindto a
tenm pant - cont aj ni n ‘
G E0E RS R Bt ot Sha M e Ferdtoliek S dege
variabiBftand el ré‘t@in&ﬁdﬂgﬁaeclff capdRity tid Bihdtthetaeat mdl QLGS ] Fulhermore,
term "pepti body" refers to_a peptide or pol ypeptide
changeg iy s sediopes wadesudicia changes in the bindiagsperi lcﬁbfland in the binding
t I rring"” when
constr Bt e el R S A PGB B £ 0% h 5o
nucl ei ¢ aci d nol ecul es, pol ypeptides, host cells, and
[0073] t hé&Cell karfacefreceptdrD rafere se moldcoles ané cérmplegies of melteiies apable of

ik o3 Bt Sk Bk S5 b et
An exahipid oA BuPfaB8 ek eBEofIRE PieBnt HveRfibh Q%)ﬁcﬁ@ﬁ’@d RHt&}in

site capable of inmunoreacting with a particular
receptogfpr exampla arenbritehatp3dntegtio decepton on aypitasiatiocetli spl ays
a single binding affinity for any epitope with which

[0074] 'Cf) rﬂh%?ge[t] By sife” TPARIP IR i8Rk B, TRYerih BE AbBed,

amino acid sequence having the ability to selectively bind a preselected agent. Exemplary

target
getrg

reference target sites are derived from the RGD-dependent integrin ligands, namely
fibronectin, fibrinogen, vitronectin, von Willebrand factor and the like, from cellular
receptors such as VEGF, ErbB2, vascular homing peptide or angiogenic cytokines, from
protein hormones receptors such as insulin-like growth factor-I receptor, epidermal growth

factor receptor and the like, and from tumor antigens.

[0075]  The term “protein” is defined as a biological polymer comprising units derived

from amino acids linked via peptide bonds; a protein can be composed of two or more chains.



anti body nol ecule having a plurality of antibody

conbi ning sites, each i munospecific for a different
W@piop/ogs89s e. g., a bi specific nonocl onal anti bomr/U82008/088337

[0072] A "nodul ar recognltf§WIdona|n (MRD) or "target

bi ndi ng peptide” is a nolecule, such as a protein,

glyc rotein and hellke t hat can flcaII
[0076] ¢ %f%ﬁlaa pt"s‘ieﬁzf ARp %Pqpafi@e?mn%ﬁeéeﬁ oast o ahmeptides and

iag
i SRSl 9.1 1, £, e
polypentxdeb’[]nﬂjtwdwlympgé@s linkied cruh xsicrupdlyreptide are typiealbederivad from

h t he bj ndi.
two indgBSEFIRRES 2R ekeip ysiRa bR PEoR Smtribet heliighd
polypeides sbafi@elly &ua@link®d RGishgeand the binding site.

[0073] "Cell surface receptor"” refers to nol ecul es and
exes_of nol ecul es ca&abl e of receivin

a SI
[0077] e Fsme ke reieiodn gEpaBRCHeL beHasn e B3 Eohae the MRD.
Linkers@aﬁ?ﬁ@e AEELR0E R)f%(ﬁan%?lb laC1d'SA\QIS§§1NTP fe §£mﬁ10°a%lds

surface receptor resen nven I on

activated integrin receptor, for exanple, an act i vat ed
[0078] av b"BarTgcltceﬁi’ referséc eyt call iora wbjwt @ .at hunapes anithgl) #é} can be

e

expressh@vcirrweltekasreamg ﬂfe)faé?@t RdifE "sﬂté/ ghoh & eflvared iR

agen Exenpl ary reference target sites are r|ve

m t he RGD-dependent integrin |igands, nanely
[0079] f| bPaiweb I'fbjet, br anmgor “mamne @ axejused v@wclmgle@ﬂy andjrefer to

mamm{/é%}gﬂ %E%ﬁ}n Bgtléﬂté(%d Jo?nqmr&ﬁ ﬂr%%és LEGRAL %Méhtﬁsammals

vascul ar homn de” or an
such as@gfdb@ﬂs; 1a6ss and miue) mdﬁt%mhml%mamﬁelpﬁ@aﬂs vsnvﬂdﬁataﬁ e.g.,
nsulin-1like rovvth factor-1 receptor, epidernal
mamm i P Rl SRS o OB B0V jebicksftel amp BB S reptiles.

antigens. [0075] The term"protein" is defined as a
[0080] Di @mgﬁﬁ‘g’ﬂ orPRkYiRht GROBAEsShE 9dH i dSiiR bF Ml%danﬁwcg &M Hing

acids linked via peptide bonds; a protein can
an MRIp @ﬁt}mcseof inyvewioprto m’mventmradelasf th© et ofthe fyrsptoms,
e

compliigNE 8P biskRpisa PaRE AT e e RneEF agra iR dgetipe or

inhibitif et aalemﬂmeﬂkofme dis‘é@seﬁ@dn\dﬂﬁﬁi bl@iSordBt. OTreMnent can be
cont i nuous pol E‘b’ptl e two poI ypeptides linked in

prophylgctic ge awvs@}l of itreongeteofithe Hiseaseyorde pravent the spnifgrsation of
clinical o? N pt : d Hn%lrg Iﬁtéégesoq?gr th&h%t%rsﬁgﬁegﬁ&i &gplellgwrag?n of

symptoms Iaftai thy niamifestatiomddettle dizeazat [H@im{:l&&ﬁﬂ])e Wit the Eumbody-MRD
nlin

refers to de | ocated hetwee
composgllﬂr} %B‘i‘ﬁl oéﬁd’a]ﬂ %um%n cor%unagon w?t% an adgltlona tﬂerapeutlc agent.
[0081]  As used herein, the terms “pharmaceutically acceptable,” or “physiologically
tolerable” and grammatical variations thereof, as they refer to compositions, carriers, diluents
and reagents, are used interchangeably and represent that the materials are capable of
administration to or upon a human without the production of undesirable physiological

effects such as nausea, dizziness, gastric upset and the like.

[0082] “Modulate,” means adjustment or regulation of amplitude, frequency, degree, or

activity. In another related aspect, such modulation may be positively modulated (e.g., an



Li nkers can have from about 2 to 20 am no acids,
usually 4 to 15 am no acids. [0078] "Target cell™
WO 270808880 any cell in a subject (e.g., a humaPCTUS2008/088337
animal) that can be target by the anti body
conprising an MRD of the i vention. The target cel

can_be a cell expressing over expressing the target
increase I FHGnSy» riegreer% ﬁctaetyag P%ﬁt‘é{alyrfﬂ‘?%?t% (%c%é%rase n

200 " "subject,” "animal" or "mammal" are
freque g%%}nferccj'ftrg7 eably and refer to mammal s such as

human pat |ents and non-human primtes, as well as
[0083] ex fi@miurmﬁf aimaayii ordinslignesiey’asreruabbag synonygheys tamds am'do*efer to

any of AgmBlniE g s SherBionar 6 Wiidnaled Rhagpmefiyflteration of

cells, tlﬁ:‘h)b@llt%' oh hﬁ&@&ﬁeell@ﬁ@@r@éﬂﬁﬁﬂl}%ﬂlﬂoﬁgﬁ tHeerﬂeodsﬁgﬁﬁ]and lymphatic
Tr ea or "treatnment"” includes the adm nistration

system #§ Oﬂlnepaaﬁtqf ilesdgody dmstastapize) asrvalRD asy of Baupgibss efgharacteristic
structullapélx?({%lj Iﬁ&e&ﬁ egt\ﬁ?egt AO‘[caggéré% ﬁmSPS Sf “rggl Oérﬁﬁt cell” is
synp conpl i cati ons em-ca cila O a

understdbd 808 eell kdviigpvdpatificgtridtarad propenies, lackiag dﬁ&ténmgtim and being
inhibiting further devel opnent of the di sease
capable.glayasiosrmd Retaftass HERTDIFS GhEFEHS a5 RT9E PG pPRRita PTG liver,

kldney,(cto?orp hEME: rf%Ek b Hifa ?Fer(t:li:i L Eﬁk%ﬁg,ﬁ%glpr&”taté @ancer.

vént t mani f est at 1 on cal I ni cal
synptons thereof) or therapeutic suppressron or
[0084] aI I“Hva'nmnizedr antiboglytrpt Goimmerfi¢ antibody inahidfssa&ttﬁmdim infvhich€ DR
ase, . Treat nen .ca be. with thﬁ ant i bod

Sequen%eé BEeq {rom Wy gFmlingo Frothzrﬁnrrama aé’dsﬂeﬁ‘e%&ﬁﬁlf At TgHse, have

been grdftbdloB hadidh ia8talork BefueRryl i ¢ agent. [0081] As used
herer n, the terns "phar rraceutr cally acceptable,” or

gﬁé' oI ogically tol erable" and %garrrratl cal variations
[0085] { hde preserfdnyeption descaibes an appashibasesr the adantation of target

bmdmg?lgé& ggste %{ﬂ&ﬂ:léﬁ?ﬁgﬂh c?]?rgarug%s@?liebg);ap glg gﬁkgt? %Q{al’yfﬁrbq non-

catalytladmlmcﬁésrthﬁu movitle farefiepive mrgetm@nf toiiol oelfls driseluble molecules
tion of undesirab

. | | .eff
while 1Ezying{he Eprig %fVﬁ%%capaE@er ol 8@818«%% igog Trioge MRDs can
also ex{egg %1%1 bindMBg ehRcRy of H@r@@@ta@ﬁb RG0S REvilRgYoedd Gfechle

anpl i tude, frequency degree, or activity. In another
approa¢lefoaetxmmdat]sqobmdmg§umumnd¢tuI@m@odmypmcrgmy farvledrgpeutic

nodul ated (e.g., anincrease in frequency, degree, or
PUIPOSGet i vity) or negatively nodul ated (e.g., a decrease in

frequency, degree, or activity). [0083] "Cancer,"

[0086] " t WARraspedd bf theprdsgmainantiod r€lakds ldaslopyiranyfidl-leagths
and refer to any of a_number of diseases that are

antibodyrrgmmpEisig; azraadw reeRESHHA D (MBRYr dHhe IHEBFioRPevEehe

protemq{gand and its target receptor site often takes place at a relatively large interface.
However, only a few key residues at the interface contribute to most of the binding. Thus,
molecules of peptide length (generally 2 to 60 amino acids) can bind to the receptor protein
of a given large protein ligand. It is contemplated that MRDs of the present invention contain

a peptide sequence that bind to target sites of interests and are about 2 to 60 amino acids.

[0087]  The role of integrins such as avB3 and avB5 as tumor-associated markers has been
well documented. A recent study of 25 permanent human cell lines established from

advanced ovarian cancer demonstrated that all lines were positive for avp5 expression and



cells, the ability of affected cells to spread locally
or through the bl oodstream and | ynphatic systemto
woehensgsey t s of the body (netastasize) as wel | PGBUSRIYS/088337

of a nunber of characterisfjc structural and/or
nol ecul ar features. A "carfterous," "tunor," or
"malignant cell" is understood as a cell having

many WeEaRqsHivE fax ¢[B: xpeassippopBidigsdgyve plse jhiawg that avp3 and avps is
oy SR LLEN) b, APAPERISRAP Sl LA ARG
demonshttdnherbmenec effeste in adiindh@ydels of Kaposhestcand niedadoma, and
ovarian, hematopoietic (e.g., leukem a), and prostate
breast cangeZer . [ 0084] "Humani zed antibody” or "chimeric
anti body" includes antibodies in which CDR sequences

[0088] deRi p@sbek bPAtdIMR BBB Ehil GO hntBE i RE fre TR ERELAIR velopment.
speci es, such as a nouse, have been grafted onto human

These inqlegrecystik REHY nentisles and Hogstic tmeall pnadeae RGRmimetins. Two

. I .an_appr. h based on .the.ad at,i on_ of
snibodf SR iR R G RRR i LRy Bl PERCR M s henpar sancer.
The first MRDBIxiRThé hehaiiged forre af eythintneodntifguisat @ pBtdntibody LM609. A

ant i bodi es_that provide for effective targeting of
dose-eseqlfig Rhess Sstady pangaratiente eemerstifer thatiiewds 53¢ forase in
r ; i.an: is , .

s A 83 AR LIV00L 40 SR HAG e rcomnives
av integrapadi Phasel stady of£ GNI0PS ircpativhisbwith @ sanistevi sblidgufnoks ks shown

. .effective approach to extend the binding functjonality
that it iyl fergGe; F%HE%@&?PB?S‘F gnipgonIst ReP U € Pgubgsgroven
e n YOI 18008 bl B ey 60 LR Bl
studies hasdd loa the weod higandsroxihas necdptD) Thalegrealineraband dinical

etween a protein ligand. and.its target receptqr sSite .
observalFpy R Rl Simos el vraRe e fy T B5 Ao b Hhvclving
the use bPMRIBHies @ihys Arafc@W hseY coriBftehde Feirtel Migat tAb &AM ugh these
. .contribute to nost of the binding. Thus, nol ecul es of
integring é¥afele | ength (generally 2 to 60 amino aci ds) can

bind to the receptor protein of a given large protein
[0089] | i %%Qamg]fe dfSn %@émina:n%gwkﬁﬁi% aYR&D ?%%e{plﬁge-’aéﬁ?ﬁlﬂ{g binding
, i nventi oh contaln“a peptide sequence t I'n 0
site, and Bregempkiry efSthe genandlenethods denctited destmuLigandsthavthgathe RGD

ot b QRS 5 kST B S it
the corr8PoHABB i Aderiftat &% BDparShHENs, HbrdrcRE (o}’ﬁ?ﬂ,e%gaﬁr}gg{r?ﬁﬂ o®BS, avp3,

| ines established fromadvanced ovar
and a3fd ¢ fibrinegeat(eNP2rat odibp1) voreWillshrandofastot (allbpBemd awp3), and

. r } 0N Lan ny-\were positive for avb3 expression.
'Wﬂﬂnagﬁﬁgﬁgéiﬁgﬁga%?ggﬁghomn that avb3 and avb5 is

[0090] Examples of RGD containing targeting MRDs useful in the present invention have

amino acid residue sequences shown below:
YCRGDCT (SEQ ID. NO.: 3)
PCRGDCL (SEQ ID. NO.: 4)
TCRGDCY (SEQ ID. NO.: 5)

LCRGDCF (SEQ ID. NO.: 6)



hi ghl y expressed on malignant human cervical tunor

tissues. Integrins have al so denonstrated therapeutic
W@Lde0%8803 n ani mal nodel s of Kaposi's sarcona,PCT/US2008/088337

nmel anoma, and breast cancey. [ 0088] A nunber of

integrin avb3 and avb5 ant&gonlsts are in clinical

d I RGD tid d
10091] g AHBET Bkrmiaries Aaprir Ressdamandic she b an imieerin receptor
dh \ﬂ?ﬂgﬂhQ%} 1 ARERs SREERE Br IR AGARL 8 ﬂd%h&t%éd‘@?ﬂ Jelected
and fa I nlcagetria%%lgbr Jze tr %? t ment o cancer S P%rgece
lntegrlm is algb cantemplatdudan thepresene thveation. of t he nuri ne
anti - human avb3 anti body LM609. A dose-escal ati ng

100521 285k b eisth o O b bRl A A bRy proSessed. Ang2

has beefi khdWE 8 act hd @p®ahSioMIOMoleclel Wdn¥inlitaBeh 6MARA-ddctive
recogni zes av integrins. A Phase | study of 095 in

inhibitogsgis jsafficienfiq WPar% ¢tbttbyn@tf angisigenesis androomeabangiegonetinat
I
Therefolré tA.\%g‘gﬁlgtblt%) a?cf %P%i)lggt%rh‘ggﬁla 01981? éf/ (gtﬁers 1eo elﬁlc
factors masas VIEGF maly Sepr&ent zhﬁefffﬂmtlec afitidpidghris strete gy furneatng patients
F& argeting and i magi ng studi es based on the use of
with so B%WH§ for these receptors. These preclinical and
clinical observations denonstrate the inportance of
[0093] t angse&érﬁanﬁma tRAAIRME ﬁséfﬁ‘lCinﬁltlé*%’e%t iRt meluhe €h048 fhat
anti bodies in this strategy have consistently
bind to ﬂ@@g@l@drecmwrsx mgg@enwg?acttmsomgﬁortmé Engregles nangiogenic

bi ndi MRD
eytoking firferige MRI scllorRE AR S beh i N og o1 ve. and o

exenpl ary of the general nethods described herein.
MGAQINFMRDITHVEQRL YRQFRGDQGIE {SEGF 1. NORi7yum r ecogni ti on

domain are well known, a partial list of which

O A

avb3, and a3bl ) fibrinogen (aWnh2 and al I b bl )

MGAQWWMMMYEQMQQ@IUERS and@vby) ., and
vitronectin (allb b3, "avb3 and avb5). [0090] Exanples

of RGD containin eting MRDs useful in the present
AQQERGR T G CRAMOBHA] (o3 @S 45D 56 S QRECE VSABIH CEFVILE

(SEQ Ilgﬁﬁlé‘.’%‘lo}(&?z%l) (SEQ ID. NO: 3) PCRGDCL (SEQ ID. NO:

MGAQTNFMPMDNDELLNYEQFILQQGLE (SEQ ID. NO.: 11)

PXDNDXLLNY (SEQ ID. NO.: 12) where X is one of the 20 naturally-occurring amino

acids

MGAQTNFMPMDNDELLLYEQFILQQGLEGGSGSTASSGSGSSLGAQTNFMPMDNDE
LLLY (SEQ ID NO: 20)

AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10)

AQQEECEFAPWTCEHM ConFA (SEQ ID NO:21)

core nEFAPWTn (SEQ ID NO: 22) where n is from about 0 to 50 amino acid residues



TCRGDCY (SEQ ID. NO: 5) LCRGDCF (SEQ ID. NO:

6)[ 0091] A MRD that m m cs a non- RGD dependent bi ndi ng
W@ 2(08/088805N i ntegrin receptor and havi ng t he tBETE$2008/088337

bi ndi ng specificity of a h%%h affinity ligand that

recogni zes the selected integrin is al so contenpl at ed

' h Lhvention. I 00 Angi ogenesi s_J s
acoebBekAREf CREM R bRk oS A TR S Reb T emrvLe
(SEQ ID'NOesPEsCofd2 has been shown to act as a

proangi'ogeni ¢ nol ecul e. Adm ni stration of

Ang2-sel ective inhibitors is sufficient to suppress
AQQEEG%EAIPMQEH%(S%%@SNQI%ﬂ@oobﬁneal angi ogenesi s.

Therefore, Ang2 inhibition alone or in conbination

i i nhd bi t i f i iic_f [ ch . .
KoL AR 5808 b8 o, B B0 A6 B4 M By B acia
(SEQ IBtN@i2g)y for treating patients with solid tunors.

[0093] It is contenplated that MRDs useful in the

Ao B ER R CEABIGSRsaBEA G LIS e b cabapyyromrmLe

(SEQ IO 226)EX@Rt &S of angi ogenic cytokine targeting MRD
sequences are |isted bel ow

AQQERCARSRR FBREFCo A B 2/5ES 1 D NO . )
MGAQTNFMPMDATETRLYEQFI LQQGLE (SEQ ID. NO.: 9)
o r R B S P SR AR AR M b i

(SEQ IDBAQTAHMPVDNDELLNYEQFI LOQGLE (SEQ ID. NO. @ 11)
PXDNDXLLNY (SEQ ID. NO: 12) where X is one of the 20

Qe B R A G P R S B QBB SR RERHGE

2XCOD1%§§%}E%\%§EQ D NGO 20)
Al E W CEHMGSGSAT GGSGSTASSGSGSATHQEECEWDPWI CEHMLE

SEQ ID. NO: 10) AQQEECEFAPWICEHM ConFA (SEQ I D
AQQEI&@&)’WTCEHM COI)ILE (SEQ ID NO: 30)

XnELEPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 31) and

wherein X is any amino acid

AQQEECELEPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHMLE
2xConLE (SEQ ID NO: 32)

[0094] It should be understood that such peptides can be present in dimmers, trimers or
other multimers either homologous or heterologous in nature. For example, one can dimerize
identical Con-based sequences such as in 2xConFA to provide a homologous dimer, or the
Con peptides can be mixed such that ConFA is combined with ConLA to create ConFA-LA

heterodimer with the sequence:

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
(SEQ ID NO: 33).

[0095] Another heterodimer is ConFA combined with ConFS to create ConFA-FS with

the sequence:



core nEFAPWIn (SEQ ID NO 22) where n is from about O
to 50 am no acid
WO 290/d8888AQQEECEFAPWT CEHMGSGSAT GGSGSTASSGSCSATIMOEZECI P 88337
WICEHMLE (SEQ I D NO 23) 2x{onFA AQQEECELAPWICEHM ( SEQ
I D NO 24) ConLA XnELAPWIXri where n is fromabout O to

AQQEREERREWr ARG S BG5S s BRX BB AR AW PR P
(SEQ IAQGEEGEL AP CEHVESGSAT GESGSTASSGSGSATHQEECEL APWT CEHME
(SEQ 1D NO. 26) 2xConLA AQQEECEFSPWICEHM ConFS ( SEQ I D

NO 27) XnEFSPWIXn where n is fromabout O to 50 am no
[0096] ac iQneradskidluia sheartl givanghatepchingslerein; will @pciae M@t othgy such

. AQOEECEFSPW CEH T T GSATHOEECEFSPWICEHMLE
combir{FE PR el MOt R A DR R e AR SEQ | D
NO 30) XnELEPWIXn where n is fromabout 0 to 50 am no
[0097] acild oneadpdie the (IRt ibDIMYMides A )peptidt halviigethe seueficeany
am no acid

NFY QS RS- EaRB AT NG QIS L B4t (R IR QU Sh e HGFRIB o B D

X, is afyYthind U, Rgﬁ_tahsi %ﬁliﬁ@ébi@,%ﬁ% | Hhinb Rcill SMBLSis ahy kfBoSacid.

or other nultiners either ogous or het'erologous

in nature. For exanple, one can dinerize identica
[0098] corftisamecatige glse myéxges peptides having & Corermaqeance selodted fram:

honol ogous di ner, or the Con peptides can be m xed

soer A S BT R s8R0

AOOEECEFAPW CEHMGSGSATGGSGSTASSGSGSATHOEECEL APWICEHMLE
XnEL ABSFQXnBvNCe n38Jrom|dbo8E] toFlodrhimn abietresidubisBEQI 1D WO ES);
conbi ned with ConFS to create ConFA-FS with the

S AT AP GEHMGSCoAT COROT ASSERCRATOEECEFS

XnELEPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 31); or

Xn AQQEECEX; X,PWTCEHMXn where n is from about 0 to 50 amino acid residues and
X, X; and X; are any amino acid (SEQ ID NO:57).

[0099] Phage display selections and structural studies of VEGF neutralizing peptides in
complex with VEGF have been reported. These studies have revealed that peptide v114
(VEPNCDIHVMWEWECFERL) (SEQ ID. NO.: 13) is VEGF specific, binds VEGF with 0.2
uM affinity, and neutralizes VEGF-induced proliferation of Human Umbilical Vein
Endothelial Cells (HUVEC). Since VEGF is a homodimer, the peptide occupies two identical
sites at either end of the VEGF homodimer. An antibody containing an MRD that targets
VEGEF is contemplated in the present invention. Anti-VEGF antibodies can be found for
example in Cancer Research 57, 4593-4599, Oct. 1997; J Biol Chem 281:10 6625, 2006,

herein incorporated by reference.

[0100] Insulin-like growth factor-I receptor-specific MRDs can be used in the present
invention. One example of an MRD sequence that targets the insulin-like growth factor-I
receptor is SFYSCLESLVNGPAEKSRGQWDGCRKK (SEQ ID NO.: 14).



(SEQ ID NO 34). [0096] One of skill in the art, given

the teachings herein, will appreciate that other such
WE209b08s803 ons will create functional Ang2 bi ndPCIUSARDE088337

as described herein. [0097},1n one aspect, the

i nvention includes a peptide having the sequence:

NFYQQL X X4 X5 PAEK TGG (SEQ I D NG 58),
[0101] 1, “ﬂf?clf%? @RDB © YR no acid; X3 is any
amno acid; X4 is any am no acid and X5 is any am no

NFYQ@mMLAB@ﬁ&mKﬁbeQWQE@R Iectpxgmmb: s _peptides

having a core sequence se from XnEFAPWXn where
is from about to 50 amino acid residues (SEQ ID

NFYQ(&@QIQQ;RPMSH@@WQW%I@%(SEQ HP 5¥:3®out 0 to 50
am no acid residues (SEQ I D NO 25); XnEFSPWI'Xn where

FYQ?@EIZ%WW%e n-l sef;rombgjf)]i())ﬂtj eg § gEgOI °

amno acid residues (SEQ ID NO 31); or Xn AQREECEX
NFY Q@AWW CaPNKK SRHeQW QECRB TGCOo(BEApHANM38) 50 anmi no acid
residues and X X1 and X2 are any amno acid (SEQ ID

NFY QR A AR R TR R B BB Compl ex i 11

VEGF have been reported. These studi es have reveal ed

NFYQCIMLQSRPA@KSRGQWQEME SEHGMNENECHBRL) ( SEQ | D.
NO : 13) is VEGF specific, binds VEG-F with 0.2 mM

f£i i neutralizes VEG--induced proliferation
NEYQEIEAL RSP AR SRRENV i S ERaP SO 8D P (Ve
Since VEGF is a honodi ner, the peptide occupies two

NFYQcptqusespAEKtsR%@W@ém (§E% 1P NOhg)VEGE honodi ner .
anti body containing an MRD that targets VEGF is

cont |ated in the present invention. Anti-VEG-
NFYQeHS I dGRAFKIR Q@ WQEAR TOISEBMe 48h Cancer Research
57, 4593-4599, Cct. 1997; J Biol Chem 281 :10 6625,

NFYQ%%%Y%Q{%%@%W@??& @EC? ecep or? spggllg |01: IVRDs

can be used in the present invention. One exanpl e of
NFYQGIEMRBLERARKBIRGQWARECRTGEBEQtINENON4S) i n-1i ke growt h
factor-1 receptor i s SFYSCLESLVNGPAEKSRGNDGCRKK ( SEQ

NEYQE Y B R ARKYRERK RS ERBRATAHES (sE0 1D N0

35)
NFYQCIEQLSSGPAEKSRGQWQECRTG (SEQ ID NO: 47)

NFYQCIELLSARPAEKSRGQWAECRAG (SEQ ID NO: 48)
NFYQCIEALARTPAEKSRGQWVECRAP (SEQ ID NO: 49)

[0102] A number of studies have characterized the efficacy of linking the vascular homing
peptide to other proteins like IL-12 or drugs to direct their delivery in live animals. As such,
vascular homing MRDs are contemplated for use in the present invention. One example of

an MRD sequence that is a vascular homing peptide is ACDCRGDCFCG (SEQ ID NO.: 15).

[0103] Numerous other target binding sites are contemplated by the present invention,
including epidermal growth factor receptor (EGFR), CD20, tumor antigens, ErtbB2, ErbB3,
ErbB4, insulin-like growth factor-I receptor, nerve growth factor (NGR), hepatocyte growth



NFYQClI EQLALRPAEKSRGQWXECRTGG ( SEQ | D NO. 36)
NFYQCI DLLMAYPAEKSRGQWQECRTGG ( SEQ | D NO 37)
WONEQO88B0Y_ /T GPAEKSRCONMECRTGG (SEQ | D NO 38)  PCT/US2008/088337
NFYQClI EYLAMKPAEKSRGOQWECRT(G (SEQ I D NO  39)
NFYQCI EAL QSRPAEKSRGQWE (SEQ I D NO 40)
factor rf’\@% l[tggggéé@ CRTG%@%EQEP? hIBlDNGNgll ,ggyesmn molecule (Ep-

43
R AR S T S g

NFYQCI EMLSL PPAEKSRGQNQECRTG (SEQ | D NO. 45)
[0104] NFEWWFV@@&EKW’ﬁ@d@SE@HWﬂM@IOW
NFYQC! EQLSSGPAEKSRGQWQECRTG (SEQ | D NO. 47)

VONKRRE i T PRESORIYEAFRES ¥ BrliSesti Lt aFgKKiDAQA

PK (SEQUIh@¥O.0fi6st udi es have characterized the efficacy of
I i nki ng the vascul ar hom ng peptide to other proteins

VoGRS bR pBR gl MK e

APK (SEiswbatggl for use in the present invention.
exanpl e of an MRD sequence that is a vascul ar hom ng

peptide i s ACDORGDOFCG (SEQ ID NO_: 15). [0103]
[0105] Nu A@r%@p& dfen NMBPsgudsicn that jingite ExbB2 1 listadt bebpiat ed

by the present invention, including epidermal growth

VDNKERRER R ERGAFEOAL (FOF N GRRAFIRSIOPIIR AR, AFANEEI NDAGA

PK (SEQeIlv.&N@«r o8 h factor (NGR), hepatocyte grow hfactor
receptor, and tunor-associ ated surface antigen

01061 6 e Sesife oS Fore n%%%éﬁ%de s W@yssMé*g)Rs%Sqeg%gf can
be dern@ﬂaﬁmh astuldl 1Ml R RHERE SSqueN@ls tRittthd B FpERAR & cbi biidfk site

bel ow:
can be tgONIK AN oB Ry InERENILFNENEADMIAE! 1S SURDRICGE ANIIWAEAK MieKDA in

dentis P NI SN SR KNP T RSV PRts A R R

random@eptide sequences can be displayed by fusion with coat proteins of filamentous

phage. The methods for elucidating binding sites on polypeptides using phage display
vectors has been previously described, in particular in WO 94/18221. The methods generally
involve the use of a filamentous phage (phagemid) surface expression vector system for

cloning and expressing polypeptides that bind to the pre-selected target site of interest.

[0107]  The methods of the present invention for preparing MRDs involve the use of phage
display vectors for their particular advantage of providing a means to screen a very large
population of expressed display proteins and thereby locate one or more specific clones that
code for a desired target binding reactivity. Once the sequence of the MRD has been
elucidated, the peptides may be prepared by any of the methods disclosed in the art.

[0108]  Variants and derivatives of the MRDs are included within the scope of the present
invention. Included within variants are insertional, deletional, and substitutional variants as
well as variants that include MRDs presented here with additional amino acids at the N-

and/or C-terminus, including from about 0 to 50, 0 to 40, 0 to 30, 0 to 20 amino acids and the



APK (SEQ ID. NO.: 17). [0105] An exanple of an MRD
sequence that bind to ErbB2 is |listed bel ow
WO/BINBBSSKEVRNAYWE ALL PNLNNQQKRAFI RSLYDDPSQSANL LIAERKSA0NDIR8337
QA PK (SEQ ID- NO.: 18). [?&06] The sequence of the
MRD can be determ ned several ways. MRD sequences can
) he derived fromnatural |igands or known sequences
like. Tty updesstacd (gt %\p%rae%lﬁlfm o BE PresPHdNYRILON My CRtaone, two, or
all threb s of i dntO Al drlonaP BROSHYRAbAN Eﬁ&{i?ﬁ}az Q¥ntBBShatural amino
energed as a powerful nmethod 1 n 1dentifylihg peptides
acids, wagprtentiprad aping anidgeor bathept ors. | n pepti de phage
di splay libraries, random pepti de sequences can be

di spl.ayed by fusion. w.th coat t.eins.,of. filanmentous
101091 1, 30 3Bl B R PRy Tl e 1 he
presentfifVeHpion! AhEBodis3STR RanAatiBbEPicaEtME Bl Bridorha and B8 been

. previously described, in particular In WD 94/1 8221 .
previoushAqserbrdda WeraH803- 380 Portainnan pagbady cambiningsife i

. N ;
B BERUPIRGER el LSRRI TSy DR . 1
a synggper-1salse okl dfuyedblastdra, Gl stemiccadasihistrhidOof anldteposide prodrug

. methods .of . th resent . jnvention for preparing MRDs
and 1@%@‘31%@?%’@“&2@%“&%@“8 Rt or s for their
particul ar advantage of providing a neans to screen a

[0110] Ve thérHnfiBodOPMH idtekPtothisaX RInfio s Sitk1gHeS A3 PHinBingtalibdies.
and thereby | ocate one or nore specific clones that

Humanciydfearitigen as altrgismegnbranegglycdproteinmy thekgsuperfangily. Gibefunkigon of

seq ce.of .the MRD has..been el uci dat.ed, th ept.i des
the hurfGONFE SR ib B and R BSF Sl ErtReS Bt BaBiRite e
several@réperliékld8he X33 hatiden sapgbstitat ¥ & 4 Momighg tdget WD therapy
included within the scope of the present invention.
of colop gandge ihesr PHIRTHES incAvdes(ithe highberestrisiedicxpressian pairan of the

[ i : [ . var |

A3 SO B MBS e AL A 0, e o,
(iii) theeabiselwealf s¢dretedanshied 3 3Cuitigemiand $iv) thedthetdhatgpbn dimdadpooft

. 50 o 40, 0 to 30,..0 to 20 _am nqQ acids and .
antlboqgw%f { foghe 3135 AU axthogy d\%%afnt%mﬁ%eﬁ} 2B eqeRirsdn vesigles,

. i t L ) . ..

T i SRS T T
clinicahstdies tEusivayof @dViRB) dirested towhrdatid o aamitadgtic or non-catalytic

v N SFAS0 B2 3 030 bt

anti bodi es can be used in the present invention.

[0111] AntTihb @esedGienition alko @BhichPlhitesBE pRiphiation ¥Piod 1) Bi-, @ tetra-,
has been

and penta—spec?f?c antibodies. It is contemplated that the antibodies used in the present

invention may be prepared by any method known in the art,

[0112] In the antibody-MRD fusion molecules prepared according to the present
invention, the MRD may be attached to an antibody through the peptide’s N-terminus or C-
terminus. The MRD may be attached to the antibody at the C-terminal end of the heavy
chain of the antibody, the N-terminal end of the heavy chain of the antibody, the C-terminal
end of the light chain of the antibody, or the N-terminal end of the light chain of the antibody.
The MRD may be attached to the antibody directly, or attached through an optional linker
peptide, which can be between 2 to 20 peptides long. The linker peptide can contain a short



previously described in WD 97/21803. 38C2 contains an

anti body conbining site that catal yzes the al dol
W@WP/N88805 r eacti on between an al i phatic donor BEEIUS2008/088337

al dehyde acceptor. In a syyagenei c nouse nodel of

neur obl ast oma, system c adnini stration of an etoposide

e B A T B
sequen&ggssﬁ}d}@m@@@@@m ) ﬁ?N@.':ZQ, g{%lcoﬁgtli'nka%e‘ﬁg?e ?ﬂg‘i{kg

antigen i s a transmenbran oprotein
sequene §RGEGEMSIGLGGEHEGIRES (SEQ B NiChel Hufha pAB&ntamvdngien alsp

...harmal and i gnant . col tissue is.not yet known, .
providef e o < Hicat Bs X Shishirt ey Sk terinintt spd Pl 0uiss dt i
also cortBdplatdd thst tHolr &Bré MED$ ednd®d difelfly hAFoHEQ b 8kABYd Hrough a
. col on cancer. These properties include (i) the highly
linker peptide iodwe @r &305¢ @@P‘@Eefpgtotf dhapngibodhe Thamuliiple YRDs qanityrget

' y f.1ha. A32 anii.gen qn .
the s g BARZ AL of bt BY By IR S lcn A B AL Bl bepriae
sequenceh ethyAghdded togmhancente {n wiyo stabilityef the MRDuUpon bi ndi ng

of antibody A33 to the A33 antigen, antibody A33 is

i nternalize d. sequestered in vesicles, and (v) .the
101131 ; aTBeertRg as?hgﬁ% fugiga mohecylqs sanks engaded ¥ a@@&f@g@m@e
comprisif 8 AudBRRseqibné EAIVELRREY Edrtdth BR] potjriidicdide R4REAR. The

of "a MRD directed toward A33 to a catalytic or
polynuglentide seqient¢ canaalsd Bxolihkedovithoh fegulatrary eequiencd thetr copérotsi ¢

efficacy .of A33. targeting.antibodies..[0111] The .
expressifaf b FnstiToh T Bt GEih BriSaieUs of HePIESlaF papiipfhe
polynudl®iite enbbding thelantibdBLVRD fiikh M6Rb@especi fic

antibodies. It is contenplated that the antibodies

used in the present invention may be prepared by any
[0114] neihe arorens wivenHon pentgmpplates gherarjeuiin composiignspiseiyl fgrpracticing

the therh AR SO AHRHERA T9eABEM ok ohlEr BE BREO invention
containtalphysiglogidatly pelpiabldeamridiidgetter mith apleakl @ferspetiss ofl'dmﬁ'bM(ljSD

.may b tached, to the antibody at the C-term nal  en
comprigipd o SR 46 eseﬁa?cﬁhf‘a?mt %és%m G perses dierein g AR Addiveend
ingrediéi;t. I{n@r?ﬁﬁ\ébf efBBlithedt, thd e Eﬁtﬁocq\‘(npo%ﬂi%n% ﬁ(ﬁriﬂﬁﬁlﬁ{o%grpg when

o I ght chain of the antibody, or the N-term
administerdd tf a himsan pajlent fom shemapeiutic perpasitsi body. The MRD may be

attached to the antibody directly, or attached through

an ponal. |ipk eptide,. which. can be between 2 to..
01151 S0 TREhiBARon bhs BharREH o8, SReiohR bl So B By nbtaiens
dissolv&hé@r disperded thapeiptis orell whddistob@ irbhe dan I8 pideaBpsichEQnipdsitions are

NO : 1), .a medium]linker peptide with the sequence

prepared gesicrits inioeiahiss etz fignidNolutions opsuspensisRg, aqUAREOr non-
aqueou@, %BWeggr, ¥Blfdrf0{'rﬁ§ suitable for solution, or suspensions, in liquid prior to use can

also be prepared. The preparation can also be emulsified. Thus, an antibody — MRD
containing composition can take the form of solutions, suspensions, tablets, capsules,

sustained release formulations or powders, or other compositional forms.

[0116] The active ingredient can be mixed with excipients which are pharmaceutically
acceptable and compatible with the active ingredient and in amounts suitable for use in the
therapeutic methods described herein. Suitable excipients are, for example, water, saline,

dextrose, glycerol, ethanol or the like and combinations thereof. In addition, if desired, the



sequence SSGGGEGSGEEEEGESSRSS (SEQ ID NO @ 19). The
present invention also provides for two or nore MRDs
wakioehsssde | i nked to any term nal end of the ak@i/I52998/088337
It is also contenplated thgt two or nore MRDs can be
di rectly attached or attached through a |inker peptide
two or nore term nal _ends of the antibody. The

composmﬂni qaﬁicenmni?aampgin@ af appiltary sHRstangPHBCh 35 NETHHE i t e,
f naet
O B e LS R e b Sficctvencss of the
active ingrediemt. vi vo stability of the MRD. [0113] The
ant i body- MRD f usi on m)l ecul es can be encoded by a

0117 §e ¥R iR s e fho S B G Phafaccuticall
acceptai@l@lsylrfsi@ﬂ tﬁ@bdnﬁpor&ﬁduﬁaem Phimak&fichly h¢deisedlevyatt§iuﬁlude the acid
ul at or guence that controls expressi on of
Wil

addﬁwrp%%y figem feaminergreigs|of the prdwreptide) thatgre fqrgled with

morgang::] %&?ﬁ%y f i %le” R%{igglﬁphé’ Hf;gla %ﬁ?dr%iac%? glgée&ﬁ ok fiffic acids

as acetié,arearid, orandeivt andphaliles Sahsfomnedi wiith thofrpeosirboxoi grapefcar also

f practicing the {herapeuti hods described .
be derivied e INOTEAICASER iueﬁ pbsTan OB, Retapiwg cgpmonium,

calcium &%@H&'iﬂ:&&@&fsa&d& SAcl BM'H&%S%'lio\brd}S}lﬁﬁlﬁQltﬁnféﬂ{ﬂérﬁﬁw 2-

together wth at |east one species of "ant
ethylamimngthamsil fgstahndyRidcameded the lded her ei n, di ssol ved or
dispersed therein as an active ingredient. In a

01181 D B G Rs gD R e Frmbth vt SEbrBat o AT ERe B fiouid
carrlersfa% stérile lagReik is6lufbiiB s ntAiwAd blateHaR iRhedidoatd M aefive
phar macol ogi cal conposition that contains active

ingredigngggnswvaiat, or eprsaipiahuififensuchias sedivecphosehads # physigiogical pH
t
value, p‘gpggg%e gPQahhg toie Ecl‘?tpgsrultciﬁ Ja;le- g{?%sg»ﬁét%g?fg% 81%@0 %ﬁh lﬂligﬂe%, uRous

carriersgah dbhtainsnare tanspesifonsalt, asyweld as saks sndnamdanmi and potassium
.. however, solidf |talefor sol. ution,
chloridgg, BRIOSE-GHPYIsns § Y%&Hy e gveland pher salytase
prepared. The preparation can al so be enul sified.
[0119] Th Eﬁ;uuﬁébrﬁ;%sithﬁg Yan alb6EORFAURLN FHhs&AARAGHbh 8 akPdd the
take the foorm of sol utions, suspensions, tablets,
exclusigraplowfites, sust ai ned rel ease formul ations or povvder S,
or ot her conposi tional fornms. [0116] The active

ot20) S5 EALR o6 DRUTLA o haRAShOLLLR, Wb Pof o
cottonsﬁltedllg ergdan{iy estbrediich ag ethiyholase Latidsvater-didbmealsfoms. use in

-

[0121] A therapeutic composition contains an antibody comprising a MRD of the present
invention, typically in an amount of at least 0.1 weight percent of antibody per weight of total
therapeutic composition. A weight percent is a ratio by weight of antibody to total
composition. Thus, for example, 0.1 weight percent is 0.1 grams of antibody-MRD per 100

grams of total composition.

[0122]  An antibody-containing therapeutic composition typically contains about 10

microgram (ug) per milliliter (ml) to about 100 milligrams (mg) per ml of antibody as active



t herapeutic methods descri bed herein. Suitable
exci pients are, for exanple, water, saline, dextrose,
w@topeesss8d3y et hanol or the |ike and conbi nati onBCT/US2008/088337

thereof. In addition, if ired, theconposition can
contain ninor anmount s of Xiliary substances such as
wettin enul si fying agents, pH buffering agents and

ingredigtt gex YQLEGAT EPMBITN, A4 HOTePEERhlY EsRiaias 3pout Hamg/ay ity about
IOHQﬁBFgre%bs&R)I&pﬂ&% &n&ﬁ rapeuti c conposition of the
preésént 1 nvention Tah inc ude phar maceutical |y
acceptabl e salts of the conponents therein.

[0123] Phéy thexapenticominippsition épamithe estbiodindm contdias aipelypeptide of the

ddi t.i o I d th t free am no
present 3fientib heBaih o e iR Ot A deas 4 Wi SPieaR R bReRdeper
weight §ﬂ€2)|'thl Ql%raﬁe@ﬁc @éﬁﬁﬁ&hﬁbn W@Eigﬁ @& i ralib %Wﬁhﬂbf polypeptide
aci ds, or such organic acids as acetic, tartaric,

to total gampesitien. dhus.theeampte, Odaweight pareasd isg. 1 igranmscoffnodpeptide per
100 gr r&yﬁﬁﬂ(w%hggﬁﬁPcan al so be derived frominorganic
ases such exanpl e, sodi um potassium
amoni um cal ciumor ferric hydroxides, and such

[0124] or @mfemb]ya&epolgpeﬁtide@omqayhmgﬂhampemﬁd conipugitinnypiesllyeontains
t hyl am n than b hlsbldlg @ j ne and the I|¥e
about 1] gaiteserash (ag) oerikLier gmDap abosit0 miflierams apwernanto
polypeptiRYS abtive 1H§re@feht p%mﬁ@éﬂcoﬁipolsiti‘&w Qld(‘rﬁéﬂ'e'p%f%raﬁf}ﬁcontams
sterile aquéous solutions that contain no materia In

about 1guigfintl ito abaut 10 ez/mé Ciievabbutd). bthi Emeightipetcend).er , or
contain a buffer such as sodi um phosphate at

0125 D R S B Gl ey 8 B

patients@ ﬂtlﬁﬁﬁé’enﬂ? dedceibed S@ibodPMRDMEREEeS 418 ParidalaBly el suited for in
salt, as well as salts such as sodi um and potassi um

vivo usg Bt & fhesrpsutieiEsegsnys d he preging @ﬁ@n@w@d@mmsmngé@ Hiyel Rafignt 2
therapeg{é%aglgl effeBfifk QhOGE 0F 8 hﬂ%s?giﬁ é'l[%l c}% ?%ﬂg&ﬂi{i‘&? gzhﬁi[ﬁ% an

50 contarn i
antibody lvempxising ®i MR Dodf thahwenﬂc[rﬂlZO] Exenpl ary of such

additional liquid phases are glycerin vegetable oils
cottonsee sters uch as. e
(0126] &' 33 B3se ey G- B BF 6753005 ASPRERABANIRD of the

inventiGiP4e Asdsk 18 Be 6RO Prodfcdiheidesishbd FRUPM Wwhibld R d\i/ﬁ@sé)éymptoms
the present invention, typically in an anmount of

mediat¢ddzsthe targetaolgele pf@ra@mhprmd ahhs cbxsagﬁ qbeuld\mt ghiso lﬂrge as to

cause aEl e%r?é 31%%: gfrvf\%?sg ﬁ@chc%s%gfn‘grgascém% @ 8trna<=1$ ulrﬁl% éx%ft%lﬁt Iﬁlla S’congestwe

heart fa‘ﬂhws and the 1ixafRhexalld, the u@sagh il @ar§6Lith the afe, ko@tidics, Rk and
ant i body- VRD per. 100
extent of the sease in the patlent and can be determined by one of skill in the art. The

dosage can be adjusted by the individual physician in the event of any complication.

[0127] A therapeutically effective amount of an antibody comprising a MRD of this
invention is typically an amount of antibody such that when administered in a physiologically
tolerable composition is sufficient to achieve a plasma concentration of from about 0.1
microgram (ug) per milliliter (ml) to about 100 ug/ml, preferably from about 1 ug/ml to about
5 ug/ml, and usually about 5 ug/ml. Stated differently, the dosage can vary from about 0.1
mg/kg to about 300 mg/kg, preferably from about 0.2 mg/kg to about 200 mg/kg, most



granms of total conposition. [0122] An
ant i body-contai ni ng therapeutic conposition typically

W@2090/888865 about 10 microgram (ug) per mllili tBCT/($d0)8/088337
to about 100 mlligranms ( per m of antibody as
activei ngredi ent per volu of conposition, and nore

ferapl t ai bout 1 ng/m to about 10 ny/ni
preferaly eom a0 19 k0320020 gty . ey moreiops pmiistatons
dMB,ﬁhng&qggg&ﬁﬁéﬁ9§position i n anot her enbodi ment contains
"“a pol ypeptide of the present invention, typically in
an _anmount of at least 0.1 weight percent of
[0128] poThpentitiady comprigmi @NMROX ofithe miventinsr capdgtadministered parenterally

.. conmpaosi tion.. A.weight perc [ ratio b i ght of
by injeciRE By erlial iginchVer Bise &l ibotsin theyiireCpalbeil§ i fvpeally be
accessed id theeiod by R§tERRY adnfinidrdti G AARhEEROMoBEIdndfeaR@by1 00
grams of total conposition. [0124] Preferably, an

intravenyis pd i stepsion o theraricnc eorapesiieansi etherdisgessiand gelivery means are

' ‘ t ai . t LG .

comemp PP 00 3 RS8Rkl T RSO Bl g
Thus, aptibodieyionteisig adRID/6f the giivetti @nianier adwihis@eedihtravenously,

i conp?sition, aqd nore preferahly contains_about 1
intraperygpeRllyy Bitapystulay. sghapanepusly, Intacayity, dransqegmallyeng spn be

: : In view of the benefit of using
dehverﬁ[;rr}gﬁﬁz%aétl&o?é%% nmeric antibodies in vivo in human
patients, the presently described anti body- MRD
[0129] o [The theeapentie cqapasitius gontginiwg 4 hgpan mondédenal antibady arse

s, at.herapeutic reagent. .The net hod .c ri ses N
polyperfiie B USF AN Ge FRe b pall g PN B T BRIy as by injection
of a uni® HHKRS FireRaMPRUThe Rfm &uiifWsied vafth &8éd ¥ reRr&ica i & therapeutic

conposi tion containing an antibody conprising a MRD of
compositien ¢fithe presed inyeptiomyelam éo plasinglly disatpésurmitsrsuttplle as unitary

nistrat ‘i I ‘ot

dosage MTHELRALE CoE il cbilnfild SR ORRT QBull & e Rinchilf
calculadé o pedued the desited tdrhpdutic REfecl if @aeiasipiitithithe regdirad &duent;
) by the t,ar get nol ecule are aneliorated. The dosage
Le., cartlfl OF YeMe)e- be so | arge as to cause adverse side

effects, such as hyperviscosity syndrones, pulnonary
[0130] €dGRB comPHEESs ¥ adiRBisterbdin dnBnned ngﬁagﬁolb Wit the dosage

Ceneral |y, the dosage will vary with the age, o
formulagiondand iore, therepreudical lyesdfestivve emounte Tdhiespastity itm be hdministered

at Lent . and _can_ be .det er.nm by.one of skill...in.the.
cependf B} b Hhu R8Il oSGl A3 RGBS R il tEie
ingredi@ftysidcdegreei of thidigpeaie Bifedidesifad. PREtsd Hadun® of dcB¥e flgrélient
. therapeutically effective amount of an anti body )
requireg ihbg administege epgd op fhegudgment of the practitioner and are peculiar to

each individual. However, suitable dosage ranges for systemic application are disclosed
herein and depend on the route of administration. Suitable regimes for administration are
also variable, but are typified by an initial administration followed by repeated doses at one
or more hour intervals by a subsequent injection or other administration. Alternatively,
continuous intravenous infusion sufficient to maintain concentrations in the blood in the

ranges specified for in vivo therapies are contemplated.

[0131]  The following examples are intended to illustrate but not limit the invention.



invention is typically an anmobunt of anti body such that

when adm ni stered in a physiologically tol erable
W@209p088803 on i s sufficient to achi eve a pl asmaPCT/US2008/088337

concentration of fron1abou% 0.1 m crogram (ug) per

milliliter (mM) to about 1 b ug/m, preferably from

about 1 ug/m to about 5 ug/nl, and usually about 5

ug/ M. Stated differengm%osage can vary from

about 0.1 ng/kg to about 300 ng/ kg, preferably from

about ﬁxzmﬁ# Kgldt%ﬁmu}g&@ ARtibdly-Nhsh Msik&nad! v
frmna ou Mg/ Kg t O acmT_ZT_J+W__Tﬁ7ﬂm_b mor e

se adm nistrations daily, for one or several days.

[0132] [ oi@az]el adodyriMBdysienmotdcyles gveae wRoared by fesiomefeamt intsgrin

o8RRI BB Y Bty LSS LA v

of the lipht eledith endtid Q-3epinialof }heliRa ?ﬂﬂﬁ%ﬁ%rd Host REFebiBY ing flow
system ¢ adm njstration _and therefore nost often

cytomefty ot SBUPRAY; conrigelen digse daminp bindaffieinnidy tointegsipeyBic
t
cxres IR HE08 a0 EASURDRD il BLANEL FRE P s

activityt afgheieparentgktatdythoattbods 3802, dsangeiredby ewtiheiol dididoxorubicin

anti bodi e risin of fhe inve can be .
prodru VAR o g PP RPN GEES 5T PR goR CHGS amg b0y capability can
be effididHy ARHIRIMAA! lcBYDEMRRRAHS} Y. | ntracavity,

transdermal Iy, and can be delivered by peristaltic

means. [0129] The theraoeutlc conp03|t|ons contalnlng
i3 eqlangetiv pody D ¥ CS
|nvent|on are conventlonally admi ni st er ed

in
[0133] ex gﬁ%}/ogg%ﬁg tkcla r r%rf}%%}ll%] 111'gos e9 en uglggtl?oﬁgcﬁlz % reerﬁ ce
construtted a The entipelytused waspRE2, twidch whs filked RitRIANVIRD don€ihing fthe
efers to physically discrete units suitable as
2XCOH{Hﬂ%§?y dosage for the subject, each unit containing a
(AQQEEESW D WO AMESAE Al ﬁ‘é}(ﬁf} GEFASYESORI @EE@EWWI%%HMLE
to produce the desire erapeutic e
(SEQ [BsNEkLi HY). chhelMiRD péptide eq |ﬁu$d taleithee the; N+ oreC-terasnus afithe light

ain s G BT R i e BB G Sther ane
2 MRDeguptides. aAddigsab Ak CRIRITY p&tides ficM@eamount . The

quantity to be adm nistered depends on the subject to

be treated, capacity of the subject's systemto
LM-2x3; | i ze the active ingredient, and degree of

therapeutic effect desired. Precise anounts of active
A T R B PSS B R O PRFMIMDNDE
LLLY (SEQ ID NO:20)

AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(2xCon4) (SEQ ID. NO.: 10)

AQQEECEFAPWTCEHM ConFA (SEQ ID NO:21)
core XnEFAPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO:22)

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFAPWTCEHMLE
2xConFA (SEQ ID N0:23)



each individual. However, suitable dosage ranges for

system c application are disclosed herein and depend
w@enophgssoout e of admi nistration. Suitabl e regi PEBUS2908/088337

adm ni stration are al so va?iable, but are typified by

an initial admnistration T0llowed by repeated doses

r re hour jntervals by a subsequent
AQQERGFE AR ECERM CRBFA SRRSO o Al tor nat i vel y.
continuous intravenous infusion sufficient to mai ntain

XnELAORTRMWidé QRSfrbm abb& Plotthnhilo big rés@&&@%SquQ Nbes)
for in vivo therapies are contenplated. [0131] The

follow ng exanples are intended to illustrate but not
AQQEECEL&HW%CEW@%GSAT@@W@@msﬁﬁMHpEE%h@PWCEHMLE

2%xConl, ngggygwggﬁébody-NRD Mol ecul es [0132] Novel

ant usi on nol ecul es were prepared by fusion
of an integrin avb3-targeting peptides to catalytic

AQQEBCEFBBWITCIINI ConkS (S HY NXh27)N-term ni and C-term ni
of the Iight chain and the Cterm ni of the heavy

o SR B ettt B 018 SLABRD 40 BRRACITH B0 7 o
integrin avb3- expressing human breast cancer cells.

AQQEFUEFSPW TTENMURTGSWBG &S GRITRE SN G AEH QERE EFSP W dEHMLE
activity of their parental catalytic antibody 38C2, as

2xConkfe 65H(? &ld NY: 2Rkt hodol and doxor ubi ci n prodr ug
activation. This denonstrates that cell targeting and

AQQE@%%TQSE%@E‘HM Eﬁlg%’l? :E%’fgé@?%g\h%%éﬁgan be efficiently

or se rapy. Exanple 2.
Angi ogeni ¢ Cytoki ne Targeting Anti body- MRD Mol ecul es

XnELHPOW'BZh whegs 0 gefindra abyitdktio i@ amdng edid nepidues ($EQ YD-NGRD)
fusi on nol ecul es were constructed. The anti body used

AQQEE@%?%@Q%&%ﬁTE&%‘?%f’M%?GWH&%B@é&WTHﬁMLE

2xConl( A CHWRMP CEHMGSGSAT GGSGSTASSGSGSATHQEECEVWDPWI CEHVL
E (SEQID. NO: 10)). The MRD peptide was fused to
either the N or Ctermnus of the light chain and the

[0134] ¢ deshrpldils vderstpoditatsychepritides @mel pagsepiiadimger trémers or
other nf'&ﬁlgﬂgrs‘ggﬁé}pﬁeo%tﬁ)llg Jéﬁg |roF1 @?[grgé(?gomrga%' %SIS exaﬁﬂgé,to'ng '32111 dimerize
identicAHGAGTHsbPIONERdel kNVRCE|ih ORChIIGCHEGTHAES GHEBH 6E NEMEHV/DINhe
Con pe}[))t%des can be mixed such that ConFA is combined with ConLA to create ConFA-LA
heterodimer with the sequence:
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE

(SEQ ID NO:33).

[0135]  Another illustrative heterodimer is ConFA combined with ConFS to create
ConFA-FS with the sequence:
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHMLE
(SEQ ID NO:34).

[0136]  One of skill in the art, given the teachings herein, will appreciate that other such
combinations will create functional Ang?2 binding MRDs as described herein.



LLLY( SEQ | D NCG 20)
AQREECEVWDPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEVWDPWI CEHMLE
W 2000088895 (SEQ | D. NO : 10) AQREECEFAPWICEHM CRCiFBS0BHAP8337
I D NO 21) core XnEFAPWIXn ere nis fromabout O to
50 am no acid residues (SEQ I D NO 22)

pnple3, AunfihodvgMRI Kusjons ---w:
(SEQ I D NG 24) XnELAPWIXn vvhere nis fromabout O to
[0137] S0 A2 AL Hovse PdHdERnalFREbOE), NOME) directed towards human
l_Q(%ECELAP\/\?I'CEHI\/GSGSATGGSGSTA SGSGSAT ECELAPW CEHMLE
integri

e besame viDusndowyibad) e SPwr eEHV98oRmB T (BiEtheresh DA,
Barbas E@%ZZ@:&@E? N%é%@%’ 1%0?%%3%“5 b PR5ARYYY @s).0 50 ami no

AQREECEFSPW CEHMGSGSAT GGSGSTASSGSGSATHQEECEFSPWT CEHMLE

[0138] 2x @omm@ﬁ@dt@ymmﬁoclmmﬂﬁmwe@m&t(-%@z MRD
C?o XNnELEPWXn where n is fromabout O to 50 am no
Conta’néﬁgu?d‘ g dues (SEQ I D NO 31)

A P e R 3 O GTaaT T ho o e Srder oL Ba L

(SEQ IPhHO. :slig hat githtri tHe N- oa f-tbemipne efthe light ahiamelxContr i ner s

rQurer PR T Bl G R A SR PR ER R QR

(SEQ IBOROPADGPwELAUEBE @S arSNABrnfifiall fsidx (e dpPa BRAN bﬂﬁle%ntlbody
honol ogous di nmer, or the Con peptides can be m xed

(2xCondd€7 D land ate RRArminakiysion (&7 Wxﬁonﬁn IByth f1sions anaintained

imegrin AR A R MM ol POLRRGR Sebot mplipesquptencs

(2xCondJEQU 4AdNQ78B2xCdrf} Shdciffuatly ibetnd td I*dédlﬁlﬁhhﬂ»tekng2 as demonstrated
heterodi ner is ConFA conmbined with ConFS to cre

by ELISA studies. Binding to Ang2, however, is significantly higher with J C7U 2xCon4,

which has the 2xCon4 (SEQ ID. NO.: 10) fusion at the C-terminus of the light chain of the

antibody. The right panel of Figure 3 depicts the binding of Ang2-JC7U and JC7U-Ang2 to

integrin avB3. The results show that fusion of 2xCon4 (SEQ ID. NO.: 10) to either the N- or

the C- light chain terminus does not affect mAb JC7U binding to integrin avf3. Figure 4

depicts another ELISA study using the same antibody-MRD fusion constructs.

Example 4. Herceptin — MRD fusion molecules

[0139]  Another example of MRD fusions to a non-catalytic antibody are Herceptin —
MRD fusion constructs. The Herceptin-MRD fusions are multifunctional, both small-
molecule av integrin antagonists and the chemically programmed integrin-targeting antibody
show remarkable efficacy in preventing the breast cancer metastasis by interfering with av-
mediated cell adhesion and proliferation. MRD fusions containing Herceptin-2xCon4 (which
targets ErbB2 and ang?) and Herceptin-V114 (which targets ErbB2 and VEGF targeting) and
Herceptin-RGD-4C-2xCon4 (which targets ErbB2, ang?, and integrin targeting) are effective.



ConFA-FS with the sequence:
AQQREECEFAPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEFSPWICEHMLE

W@ SBQ0$SBONC. 34) . [0136] One of skill in the arRCT/yH20081088337
the teachings herein, wll,appreciate that other such
conbi nations wl I cr eate flhcti onal Ang2 bi ndi ng MRDs
as descyri d

I\/RD Fu5| ons
Wi th Ne#as I : ek
nonocl onal ant| body, LI\/609 di rect ed tovvar ds human
[0140] | nmgarmao@y/&%n&iﬁﬁlgkaﬁmmwﬁyﬂ 1AW LGB Wak BEbtrucRAadr MRD
. C, Cheresh DA, Barbas CF 3rd.
which tmg@tmdtlﬂ ($E@stN|O l1l3BVﬁ5 fusedat the Diteosinus pf e kepp) chain of

38C2 a%cg éf:l:eégp]epféi gﬁﬁgﬁ}qu%ﬁ@%ueﬁcetn% g r@b(éb Px%ggsymn ARd testing

of the réwmmmam&mmaﬁgm
E (SEQID. NO: 10)) at either the N or C-term nus of
the light chain. 2xCon4 | .
( AQREEGEamPN bl =dBchansefinganddedy-dIRI}) Motecupgs\\T CEHVL
E (SEQ I D. NO 10)) was studled as an N-term nal

(0141 f Uiﬂugenbpaﬁ Wm tﬁfg%tsrth@fGFJiR ant i body
4-JCr7U) and C-termnal fusion

(SFYS DEﬁLNmmSRB&WDﬁ@IﬂMSE@lIBt Bitheth)) ‘thhg N-termimas of the

2 Lindi ng.; As _sh [ I Fi 3
kappa GRor 3PP B 1B o % oRBURRer selen o eorriolobuts
studiedS PRPieksi6R khd ted@6F the rdseRiaEALHIBY 5/ Boily-MIRIP fidfondRABRSHY at ed

by ELISA studies. Binding to Ang however, is

demon%lia&ﬁ“q strong Ko Tyl Ripigdiae. widditiomt copetheavingibigh binding o0HER-1R

M e N e

sequendsis (iisted baloshestiost go §ipeifioamadir hg bﬁfdllifg’l@ﬂnﬁfﬂd.ﬂﬁ nﬁisulm receptor. (see
C7U- Ang2 to integrin avb3. The results show t hat
Table 2)ysj on of 2xCon4 (SEQ ID. NO: 10) to either the N or
the G light chain term nus does not affect mAb JC7U
Table lbtreﬁilkfb%foqsﬁhr(ﬁe%g{dﬂ“%sﬁy@@ Fi gure 4 depicts another
ELI SA study using the sane anti body- MRD fusion
constructs. Exanple 4. Herceptin - MRD fusion
Rm2 7181 U950 AG PEL AOE ORI AT R RD MHERALST@Ns0t o a

non-catalytic anti are Herceptin 31 MRD fusion

R 31K ﬁﬁﬁ%ﬁ?ﬁ@%ﬁ%#&r@%@@%ﬁ?ssm“D N

Rm2-2-319 CAGGAGTGCAGGACGGGG QECRTG §5EQ ID NO: 54,




av integrin antagoni sts and the chem cally progranmed
integrin-targeting anti body show remarkabl e efficacy
WO oopogssent i ng t he breast cancer netastasi s byPCT/US2008/088337

interfering with avnedi at eg. cel | adhesi on and

proliferation. MRD fusions containing Herceptin-2xCon4

(which targets ErbB2 and ang2) and Herceptin-Vl 14
TalbleQ(Wm ch targets ErbB2 and VEG- targeting) and

Her cept i n- RGD-4C-2xCon4 (whi ch targets ErbB2, ang2,

getl ng Ant i E/R‘%) ecul es 0140 An an
M;{%{nt ai n| ng an CI@/g € VEGF was const G g 1D

R“M?gl ﬁi‘]# @éﬁi&% ﬁ@ %@N\ggﬁcg?%% s, fﬁge d at I;I?:

N A TROL ALRP AR Tihe W0 36
Rnﬂ-39epLM§@@%«mw- SREOVRBCS B2l O 3

Rm4d10 bod WHRBCTERY \WRGE A BKISRGQ W QIGRReGr at &in%213dAg 38
RmA/BGF bi tNFYQCTHXKamipl ke AEK SRGQWQEARJEHG ng Réniz-R13d 8v - MRD 39

RmABl&cul w\{@amw&smﬂmﬁ{@@wmmGh t g 10he 40
£ RCESEQ RR2-DIQ1Y 14)) 41
(}E'aﬁtmof 3qa-ando 42

”Ce MZ 319 43

Rn%PE@eCt XF IES ct S 92\[‘6 g 44

E _ 45

cothy ARG L S
Rmddlhgs &F%@ %A%éR@‘é@ﬁ GThe -8r3r18d 47
Rm&dddienc SF YQGHEd SARRAEKRBHQW ARG Ei can 48
Rm$pithdi ng NFYQQIBALABRTPAEKSRGD WYV ECRABL or &%Z'Qdﬂl e 49

2). Table 1: Tenplate for further nutagenesis:
RnR- 2- 218 GTGGAGTGCAGGGECGCCG VECRAP SEQ | D NO 50,
RiR- 2- 316 GCTGAGTGC AGGGCTGGG AECRAG SEQ | D NQ 52,

REPAMPIe] G EevhB2\Bindingy Ang-2yiargetmeAntibedy-MRRA olecules

54, Tabl e 2: SEQ Mutant Am no acid sequence Tenplate ID
[0142] NOAF b3 dy whi (st bl A RHARS R MMRBUR T o Wkeds R423P17)

fused to the light chain of an antibody which binds to ErbB2. Either the short linker

sequence, the long linker sequence, or the 4th loop in the light chain constant region was used
as a linker. Figure 5 depicts the results of an ELISA using constructs containing an N-
terminal fusion of Ang-2 targeting MRD with the ErbB2 antibody with the short linker
peptide (GGGS (SEQ ID NO.: 1)) (L17-sL-Her), a C-terminal fusion of Ang-2 targeting
MRD with the ErbB2 antibody with the short linker peptide (Her-sL-L17), a C-terminal
fusion of Ang-2 targeting MRD with the ErbB2 antibody with the 4th loop in the light chain
constant region (Her-lo-L17), or an N-terminal fusion of Ang-2 targeting MRD with the
ErbB2 antibody with the long linker peptide (SSGGGGSGGGGGGSSRSS (SEQ ID NO.:
19)) (L17-1L-Her). ErbB2 was bound with varying degrees by all of the constructs.

However, Ang-2 was bound only by Her-sL.-1.17 and L17-1L-Her.




Rm- 33 NFYQC! EQLALRPAEKSRGOWQECRTGG Rn2- 2- 319 36
Rm- 39 NFYQC! DLLMAYPAEKSRGOWQECRTGG Rn2- 2- 319 37 Rm- 3
WALONPSRE ERLVTGPAEKSRGOWQECRTGG RnR2- 2- 319 38 IRIN/USBOseBs337

NFYQCI EYLAMKP AEKSRGQWQE RnR-2-319 39 Rm-3 16

NFYQC EALQSRPAEKSRGQV\QE RnR-2-319 40 Rm-3 19

NEYCXC | EALSRSPAEKS CRTGG Rer 2- 319 4 1 RmMi-44
u.augu,_"_;w d Qb : AR -gor

pategy et e-Srlargeting Antibody-

NFYQCI ESLAGGPAEKS N IR R 319 43 Rm 4- 46
NFYQCI EALVGVPAEKS m%%—z 319 44 Rm4-49
NFYQCI EMLSLPPAEKSRGQNQECRTG Rn2- 2- 319 45 Rmi- 410 _

[0143] NFYastpEvEnGREBAR MORBINEERIE-RAL P1) 2vB 18adego Rither4he IN-terminus

o e P S BITR ER E s tf, P: rmts r

receptoNFIY(Qdr ftd MNSHRAMRE SRGMGe Rt 18AE BnRerddGuehBe FeaiNed ada
Er bB2 Bi nd| ng, Ang Targetl ng Ant i body- MRP Mol ecul es

connecmlﬁgur% et Hesapsulia ot @B i 4P {asing cppsteietsceontaaning Natgrminal

o R, DSk 0N G081 (b Gy R O s
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linker pep‘n&@fMpﬁeth‘ﬂé EepESsiEQ leBingdf the )eﬁu](ulng 'ﬂn’sﬂmd*_yieMRD fusion

constru%s%]%glrgg l%ﬁf’pn\%ﬁ%q‘g % ﬁ]&%g}go\%l aer %E%Log%l g}iﬁ)/\n?tg e was used. Fusion
f the Arge? ta% MMRDAto%hd €L1PhNBhaifh Hgindh %ffﬂ{érhgm% d f&@ﬁém lightl
0_ % vvi%eﬁintkhe Er 882 an%glhbod%} Wt h tshe 4t h go}g in ey
higher binging te aigr? them Susian ofitheyAog-2(thrgetingto the N- hght chpin terrmnus of
. rm nal fusion of Ang-2 targeting MRD with the
the antllé%(%?gz anti body with the long |inker peptide
( SSGEGGSGEEEEESSRSS (SEQ ID NO i 19)) (L17-1L-Her).
Exhiiplef SEPeB Bindih ), Insegyiniacieting eentibody VIRT) Mdlecules
constructs.

[0144]  An antibody was constructed which contains an MRD that targets integrin avp3
(RGDAC) fused to the light chain of an antibody Herceptin which binds to ErbB2 (Her).
Either the short linker sequence, the long linker sequence, or the 4th loop in the light chain
constant region was used as a linker. Figure 7 depicts the results of an ELISA using
constructs containing an N-terminal fusion of integrin avp3 targeting MRD with the ErbB2
antibody with the short linker peptide (GGGS (SEQ ID NO.: 1)) (RGD4C-sL-Her), a C-
terminal fusion of integrin avp3 targeting MRD with the ErbB2 antibody with the short linker
peptide (Her-sL-RGDA4C), a C-terminal fusion of integrin avp3 targeting MRD with the
ErbB2 antibody with the 4th loop in the light chain constant region (Her-lo-RGD4C), or an
N-terminal fusion of integrin avp3 targeting MRD with the ErbB2 antibody with the long
linker peptide (SSGGGGSGGGGGGSSRSS (SEQ ID NO.: 19)) (RGD4C-1L-Her). ErbB2
was bound with varying degrees by all of the constructs. However, integrin avB3 was bound
only by RGD4C-1L-Her.



However, Ang-2 was bound only by Her-sL-L17 and
L17-1L- Her. Exanpl e 8. Hepatocyte G owth Factor

WRe®eps880s Bi ndi ng, Ang-2- Targeti ng Anti body- MROX/US2008/088337
Mol ecul es [0143] Fusion of,an MRD which targets Ang-2
(L17) was made to either the N-term nus or Ctermnus

of the I ht chala of t he l\/let ant(l)body,. V\A}I chrbl ndsetlg
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I|nker sequence o%ﬂtﬁﬁdég_%g%%&wéequence wer e used

as a connector. F results of an

ELI SA using constructs containing N-term nal fusion of
[0145] An g\-nzarttlbp@eww gormmctwl wivichrrontains aenrMR}Bbtltyt taigets integrin avp3
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Figure 3 dapieisithe fewlin ofradildNAgPing Rensirycss epstainige prbI-irminal fasion of
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mtegnl{@\yﬁyl]ﬁﬂﬁn f the antibody resulted in slightly higher

binding to Ang-2 then fusion of the Ang-2 targeting to

Ethe N-Ilght chain term nus of the antlbody Exanple 9.
XH by ingdnsy Jike Gini Ea i

fused to the Ilght cha| n of an ant| body Her ceptin

[0146] whiAahibbdiesl svere c&{strBated e oh colntditkein MIR® Slaotatgetd 1!ﬁktﬂfn—11ke
sequence, the ﬁ%é% | i nker sequence, or the 4th .| oo

growthidaclor-] TSREPLHAEN TessA e Histliehbefaimolgnsaniibedy which hindadeErbB2
(Her). EitBitRe ddiCRuGE eﬂtﬂf& he$ I\%flﬁﬂ&i dELér%ﬁe g 1p9§> in the light

constructs Cont I'ning an tern fusion of T1ntegr
chain cendtdit regigrewangselDainker. t(Kart&rds BB Bmt Natldycadi Sci Ut $i A 1992

peptide (GEGS (SEQ ID NO.: 1))
Maylss%)cijﬁkfle a Cterminal fusion of integrin avb3
targeting I\/Rvaith the ErbB2 anti body with the short

[0147]I | PREID: 08 PO0SETPUbeted S kndaib¥Hfor MEDQNE]I'E'US”TPA‘Leﬂthd ere79f171;
ntegrin avbh3 targeting MRD with th rbB2 anti bod

ATCC wepwt Hu63 all meerporated: hyerefarepiee heteinn Fage O slgpicksdle ésults of
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receptok tnn@tlng MRD with the ErbB2 antibody with the short (RP-sL-Her), a C-terminal
fusion of insulin-like growth factor-I receptor targeting MRD with the ErbB2 antibody and

the short linker peptide (Her-sL-RP), a C-terminal fusion of insulin-like growth factor-1
receptor targeting MRD with the ErbB2 antibody with the 4th loop in the light chain constant
region (Her-lo-RP), an N-terminal fusion of insulin-like growth factor-I receptor targeting
MRD with the ErbB2 antibody with the long linker peptide (RP-1L-Her), or a C-terminal
fusion of insulin-like growth factor-I receptor targeting MRD with the ErbB2 antibody with
the long linker peptide (Her-1L-RP). ErbB2 was bound with varying degrees by all of the
constructs. Insulin-like growth factor-I receptor was bound by RP-1L-Her.



I'i nker peptide (SSGEGGSGEEEEGSSRSS (SEQ 1D NO. @ 19))
(RGM4C 1L-Her). ErbB2 was bound with varying degrees
Wm900908880F t he constructs. However, integrin aRdiBUSME8/088337
bound only by RGMC-1L- Her%ﬁzxanpl e 10. Hepatocyte
G owm h Factor Receptor Binding, Integrin-Targeting
Ant i bod I\/RD l\/bl ecul es 0145] An ant| body was
Ixample 12. B2 Bi A g VI b3 Antibodx MR- Molecules
|ntegr|n avb3 (RGD4C) fused to the l'i ght chain of an

[0148] antFybiea%f mm W}ﬁk@ﬁtafg%tst‘hﬁob R POV Em W e ﬁ%ﬁﬁhus of the

receptor (Met). Antibody-MRD constructs contalining th
the light ohegn of akebBZ bipdnpeatihedie(Hsp dA nikdium éinBerdepiid¢ s t he

(ssockEqPaRiof s MNG. 28 B8 WS 55 afigoe igeatiepists the
results bhﬁl PEFA @ﬁﬁ{g £ cOlisETtonfihiAE ah RCRRhMal ARINRIVWEGIREHYSng

Ctermnal fusion of integrin avb3
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bindingant i body with the 4th loop in the |ight chain constant

Example 15. ErbB2 Binding, Integrin and Ang-2 Targeting Antibody-MRD Molecules

[0151] An MRD which targets integrin av3 (RGD4C) was connected to the N-terminus
of the light chain of an ErbB2 targeting antibody (Her) with a medium linker, and an Ang-2
(L17) targeting MRD was connected by a short linker to the C-terminus of the same ErbB2
targeting antibody (RGD4C-mL-Her-sL-L17). Figure 13 demonstrates that the resulting
antibody-MRD fusion construct bound to integrin, Ang-2, and ErbB2.

Example 16. ErbB2 Binding, Integrin-Targeting Antibody-MRD Molecules

[0152]  An antibody was constructed which contains an MRD that targets integrin avf3
(RGDA4C) fused to the N-terminus of the heavy chain of an antibody which binds to ErbB2



region (Her-lo-RP), an N-term nal fusion of
insulin-l1ike growh factor-1 receptor targeting MRD
waeaokvossses Er bB2 anti body with the |ong |inker PEpUSa008/088337
(RP-1L-Her), or a CGtermn fusion of insulin-Ilike
gromh factor-1 receptor targeting MRD with the ErbB2
anti body wth the long |linker peptide (Her-|L-RP), .
(Her) uging e HEdivpulimar of ¢ Forpseipr dyCRAGraEderpeayy). Bigupgi# depicts the
_ oLk .
resuls GERELIICA Boing [ 4btplc B iAo BRI bRk Oy VR
construdEGH- Tar geti ng Anti bodv- MRD Mol ecul es [ 0148] Fusi on of
an MRD which targets VEGF (VI 14) was nade to the
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Examp P
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connector. Figure’ “the_r S of an
usi ng a const r uc Wikidhie 3yhe aderi nal fusion of
VEGF targeting MRD with the ErbB2-binding anti body
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Expression an sting o e resulfing a
growthffactooreceposhindiag anidlicst aal iatbgsinoofs), AMdF oaduln-hk2 growth
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chai n of 38 using the medium |l inker peptide as a

an N-termirrad Gitston afedsngs? tatgasthg MRPUuseditd thehrhB2 antibedy (Ihlit-sL-Her), an

N-termiR R R Gn BBl APV R e B pEBu el e, an
N-termieR fRich dfinsuiindile ghawaehbiog ] ARkpoPYsdMRD NIRDeGHA &% ErbB2
[0150] Fusion of an MRD which targets Ang-2 (L17) to

binding #ibody €RPishtHerdfa ¢-minad fiasierhel Ang? tagetn withghe

r e ce.as_a. 20 o
hepato§iEblowth 980l RN AR B PP EL O MRS AT kB pign of
Ang-2 tdigeting MR DI wigh éitErbBY YRl dntibodn (a3 1-L.UDY a Ga@rmainabfigion of
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receptor-binding antibody. Antigen was bound only by the Her-sL-L.17 construct.

Example 18. ErbB2 or Hepatocyte Growth Factor Receptor Binding, and Integrin,
Ang-2 or Insulin-like Growth Factor-I Receptor-Targeting Antibody-MRD Molecules
with the Long Linker Peptide

[0154] Antibody-MRD molecules were constructed which contain ErbB2 or hepatocyte
growth factor receptor binding antibodies, and integrin avp3, Ang-2 or insulin-like growth
factor-I receptor-targeting MRD regions linked with the long linker peptide to the light chain
of the antibody. Figure 16 depicts the results of an ELISA using constructs containing an N-
terminal fusion of Ang-2 targeting MRD fused to the ErbB2 antibody (L.17-1L-Her), an N-
terminal fusion of integrin-targeting MRD with the ErbB2 antibody (RGD4C-1L-Her), an N-



targeting anti body (RGM4C-nlL-Her-sL-L17). Figure 13

denonstrates that the resulting anti body-MRD fusi on
wea08/0888¢t bound to integrin, Ang-2, and Er bB2PCEKSaUDS/€38337

16. ErbB2 Binding, Integrip; Targeting Anti bodv- VRD

Mol ecul es [0152] An anti bo was construct ed vvhi ch

aﬁﬁt ai s an, I\/RD that targets integrin avb3 ])5
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(RGD4@LmdMeg, a @rtemhﬁaletaglbﬂ of ARg taa@étthMR]D Ryith ths ifshBMdilte growth
Factor-1 Receptor-Targeting Anti b%@i MRD Mbl ecul es

factor-lupeeptar hinddrgantibody k1é¢r-llbeBP) adC- Eemm fusian offe-RRmeeting MRD

with o B R Bl S R R B BB s IR b 2
terminaf fighiondfaatefziin e Eding MR DAl theﬁﬁélhép&tdcyfé%rgwm/\iabtor receptor

. .. factor-1l receptor-targeting MRD regi ons were |inked
binding gniRodsHMetbrRGDARR e AS sk ietiguret e antiboy-MR B fysigps are
e
effectivE 17 LARTHIOE end BEROS Lret i SLFCLUE, SOEMAF 2028600:19065-72.
Epub 2005 Mag92 Twetgdtli Bigl OREn f 200ddat 83 LAK4ELBR2 6. pubdtP3 Oct 23,
' (L17-sL-Her), an N-termnal fusion of

10155]  reienel SRR GRn Tk drHEboT yShaR mor ogF BhoTq Rgmples, i
will be 8h@ubtBod Bat RbdifichGGRRMA VatiRiHR tawamwﬁpaé@ba Mﬁ}ﬁh@%&%@ and
bi ndi ng anti body (RP-sL-Her), a C-termnal fusion of

scope ofithy-invensioge ticaerdiviety, ihe inventonie atited pnky hyr thoufolldveng elaims.
receptor binding anti body (L17-sL-Met), a Cterm nal
fusion of Ang-2 targeting MRD with the ErbB2 bindi ng
anti body (Her-sL-L17), a C-terminal fusion of integrin
targeting VRD with the ErbB2 bi ndi ng anti body
(Her-sL-RGMC), or a Ctermnal fusion of insulin-like
grow h factor-I receptor targeting MRD with the ErbB2
bi ndi ng anti body (Her-sL-RP). ErbB2 was bound with
varyi ng degrees by the anti body-MRD constructs, with
t he exception of the construct containing the
hepat ocyte growth factor receptor-binding anti body.
Antigen was bound only by the Her-sL-L17 construct.
Exanpl e 18. ErbB2 or Hepatocyte Growth Factor Receptor
Bi ndi ng, and Integrin,



Ang-2 or Insulin-like Gowh Factor-]I

Recept or-Targeti ng Anti body- MRD Mol ecul es with the
wa.neg0sssoker Peptide [ 0154] Anti body- MRD nol ecROEES2008/¢88337

constructed which contain ErbB2 or hepatocyte growth

factor receptor binding antibodies, and integrin avb3,

Ang-2 or insulin-like gromh factor-I

receptor-targeti ng MRD % linked with the |ong

i nker peptide to the light chain of the antibody.

WHATHRQW £IMEDAepi cts the results of an ELI SA using

constructs containing an Nterm nal fusion of Ang-2

targeting MRD fused to the ErbB2 anti body

iLn igplatgd fyll leagthnnéibadyemprisingmmefular recognition domain (MRD).

integrin-targeting MRD with the ErbB2 anti body

G o P S fei), EA O anb R M tp MITY ple it e
througha lhickengeptidel body (RP-1L-Her), a Cterm nal fusion of
Ang-2 targeting MRD with the hepatocyte growth factor

e t or, bj ndi t i,bod 17-1L-Met),. a C-termnal .
PP ABo St PP I JOkREPRPER B ool tdes.
growt h factor receptor binding anti body
4 RGRE GnilbodyRifklaid 2Cwhefei ﬂx@'linkékspe?ﬂd@fs HRgech 4 R B_idphibes.
MRD with the insulin-like growh factor-1 receptor
bi ndi ng _.anti body (Her-IL-RP), a Ctermnal fusion of
Andhs aptibosytaf sliimrpwherein thedinkefpaptife coraprises eotsapence GGGS

ri\receptor binding anti body (Met-1L-L17), or a
(SEQI%?‘@F)%I al fusion of integrin targeting MRD with the
t he hepatocyte grow h factor receptor binding antibody
©oMathe dhtiR@P4ACclaiaL, shovem the liakgupeptid6 corapiisel dlabyscyRErce

j [ t.0 bind antigen and ErbB2. Lu et
SSGGC%#%&%?‘@&%Z&%&@O@&\& 20: 280(28): 19665- 72. Epub
2005 Mar 9;.; Lu et al. J Biol Chem 2004 Jan 23;
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i nventi on has been described with reference to
SSCCGEIGEEKEHPPRES (FEQUPINOBdYunder st ood t hat

nodi fications and variations are enconpassed wi thin
h gl p . [ ' C | mgl .
oS bl AR Syt 1S VRSO bRy ARRON A
end of the heang. cBlaitl dfShaATbods CLAIMED |S: 1. An isolated full
| engt h anti body conprising a nodul ar recognition

omai n_{. ~ 2. _The.antiho f. cl ai rei he.
orPg dngbainetefimypiaro B SRR s SpetaRydinkhl Bl Gk Netelfinal
end ofﬂh'blhgﬁfy apt 6fdBe m&iboap_e anti body of claim 2, wher ei n
the linker peptide is between 2 to 20 pepti des.

10. The antibody of claim 1, wherein the MRD is operably linked to the C-terminal
end of the light chain of the antibody.

11. The antibody of claim 1, wherein the MRD is operably linked to the N-terminal
end of the light chain of the antibody.

12. The antibody of claim 1, wherein two or more MRDs are operably linked to any
terminal end of the antibody.



4. The anti body of claim2, wherein the |inker peptide

is between 4 to 15 peptides. 5. The antibody of claim
wQ@2000M0888¢3 N t he | inker peptide conprises the SBUUESRNES/088337

GGGES (SEQID. NO: 1). 6. e anti body of claim 2,

wherein the |inker peptide“tonprises the sequence

S (SEQID. .NO: 2). 7. The anti body_ of_
TP SITa8 0L o wheTriaohets i 0B YIRS PRebly inked to

two or BPFUERRARaH _ SRSS (SEQ ID NO.: 19). 8. The
ant i body of clarml, erein the MRD is operably

linked to the Gtermnal end of the heavy chain of the
aft Thodytibogly of glaimt wbergin b tarpetiofthe MRAkisginrinteen.VRD
is operably linked to the Ntermi nal end of the heavy

ai . ' y . I A im 1
P Rl RRdR Y wnd i A0 Rl AR VA oMol he
sequen&NdCBIGDCE (SEQMD. §bai3). of the antibody. 11. The
anti body of claim1l, wherein the MRD is operably

Linked tq the termnal end of the light _chain of th
At ﬁsav?b%.of %&g} Wﬁ%gﬂt ?Hﬁ?%qﬂaage%aﬁ MIZD compgisesythe

sequenEPERYBY, @‘Pﬁ%ﬁ@@ﬁ@?h}( l'inked to any term nal end of
the anti body.13. The anti body of claim1, wherein

there are two or nore MRDs operably linked to two or
Adr dhe antthodalof ehirs 14f whéreingthe integtin-tadgtting MR Rrepinipuisss the

of i LA the target of the MRD is an
Sequen?enp{é%?ﬁbrﬂgylﬁ%]g@%glhgﬁtglgbody of claim 14, wherein the

integrin-targeting MRD conprises the sequence YCRGDCT
( SEQhé ntidyQy .of 3)aim 16, whdreinahé iddaghn-1afgetihg@ MR 4omprises the
wherein the int e%i n-targeting MRD conprises the

sequencealRGOCTHEREDE: NQE@®)1 D. NO.© 4). 17. The antibody of

claim 14, wherein the integrin-targeting MRD conprises

t1he The qMeas of CRERGYwhaER &lpwgﬁlo‘f.ﬂ?e) MRPis aybﬁéié)tgcnic

_antibody of “claim 14, wherein e integrin-tar I ng
cytokinkRD conpri ses the

20. The antibody of claim 19, wherein the angiogenic cytokine-targeting MRD
comprises the sequence MGAQTNFMPMDDLEQRLYEQFILQQGLE (SEQ ID. NO.: 7).

21. The antibody of claim 19, wherein the angiogenic cytokine-targeting MRD
comprises the sequence MGAQTNFMPMDNDELLLYEQFILQQGLE (SEQ ID. NO.: 8).

22. The antibody of claim 19, wherein the angiogenic cytokine-targeting MRD
comprises the sequence MGAQTNFMPMDATETRLYEQFILQQGLE (SEQ ID. NO.: 9).

23. The antibody of claim 19, wherein the angiogenic cytokine-targeting MRD is
selected from the group consisting of:
AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10)

AQQEECEFAPWTCEHM (SEQ ID NO:21)
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFAPWTCEHMLE
(SEQ ID NO: 23)

AQQEECELAPWTCEHM (SEQ ID NO: 24)



sequence LCRCDCF (SEQ ID. NO: 6). 19. The anti body of
claiml wherein the target of the MRD is an angi ogenic
W(W(IO@/%&S% 20. The anti body of claim 19, wher ePCT/URH08/088337
angi ogeni ¢ cyt oki ne- target%g MRD conprises the
sequence I\/GAQTNFI\/PI\/DDLEQ? QZI LQQGLE (SEQ I D. NO.:
?% The ant i bod )i_ of . cl
AQQER EP@@’&GTQEQM%W% %%T@%SW%#&E%%@L{\RMCEHMLE
eppe MGAQTNFVMPVDNDELLLYEQFI LQQGLE (SEQ ID. NO.:
(SEQ@%Z% The anti body of claim 19, wherein the
AQQEEQHFS RIICERY G Néx: @&} i ng MRD conpri ses the

AQQE%?WS@W&%‘E@%ﬁ%ﬁzﬁp&%@%@ﬁ&mw

YR

(SEQ TOIEQ 3D \o 23) AQQEECELAPWICEHM ( SEQ | D NO
ECEL APW CEHMGSGSATGGESGSTASSGSGSAT ECELAPV\TCEH
AQUER R NS S oA T RO G IS P RiBy T GV E
(SEQ1 %E%Faﬁg CEHI\/GSGSATGGSGSTASSGSGSATHQEECEFSPV\TCEHI\/LE
EQ ID NO 29) AQOEECELEPWICEHM ( SEQ I D NO
AQQEBOEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHI\/ILE

L EPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEL EPWICEHMLE
(SEQ 1@ NO 32)

AQREECEFAPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEL APWTCEHMLE
CHE@hE a3 dyDPhclaBiA 9, wherein the angiogenic cytokine-targeting MRD

comprises the sequence MGAQTNFMPMDNDELLNYEQFILQQGLE (SEQ ID. NO.: 11).

25. The antibody of claim 19, wherein the angiogenic cytokine-targeting MRD
comprises the sequence PXDNDXLLNY (SEQ ID. NO.: 12), where X is selected from one

of the 20 naturally-occurring amino acids.
26. The antibody of claim 1, wherein the target of the MRD is ErbB2.
27. The antibody of claim 1, wherein the target of the MRD is VEGF.

28. The antibody of claim 27, wherein the VEGF-targeting MRD comprises the
sequence VEPNCDIHVMWEWECFERL (SEQ ID. NO.: 13).

29. The antibody of claim 1, wherein the target of the MRD is an insulin-like growth

factor-I receptor.

30. The antibody of claim 29, wherein the insulin-like growth factor-I receptor-
targeting MRD is selected from the group consisting of:
SFYSCLESLVNGPAEKSRGQWDGCRKK (SEQ ID. NO.: 14)
NFYQCIEMLASHPAEKSRGQWQECRTGG (SEQ ID NO: 35)
NFYQCIEQLALRPAEKSRGQWQECRTGG (SEQ ID NO:36)



AQQREECEFAPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEFSPWI CEHMLE
(SEQ I D NO 34). 24. The antibody of claim 19, wherein

W@ bw9/assgdogeni ¢ cyt oki ne-targeti ng MRD conpr i SBGI/USR08/088337
sequence MGAQTNFMPVDNDELLNYEQFI LQQGLE (SEQ I D. NO.:
11). 25. The anti body of cﬁ‘ im19, wherein the

i i t oki -tar etln MRD compri ses the
NFYQ HA EARRBROQW gE@IDI‘iQ;m)\Ahere Xis

NFYQ%EE.I??WGPW‘@‘EWE%MG@@W B FOdereim the tar ge

NFYQ@I‘EYMMMEKSKGIQBEQEERTG@QSE(QtIDtN)@y?:Q)f claiml,

e A A R

NFY @MSE&SAEKSRG@NQ'E@{ NOBOHMMWGWEGFERL  ( SEQ I D.
Q 29. The antibody of claim1l,” wherein the

NFYQ@EPMGé?AEK@W@%TG (SEQIR-NOK42)gr owt h f act or - |
wherein the

NFYQlé%Q%ﬁéFA%gSé{%@%%?%SEQ@clggtg’ ar geting MRD i s

a0 B8l VALK eoaCRI (SE0 14)

SFYSCL

NFYQRIEMERERE B@@é&%@ @3@@ No  35)

NFYQ gai'ﬁ B DL L VY PAER SROWORT géw‘g%cg ID NO 37)

NFYmewmmmasmi LHNO. 38)

Y I D.NO. 39
NEYQQEFESABIA Eﬁ%@%@&%@@ﬁ%@ Bxed 20
NFYQ@E@E@«PE&EW @?? '\%0 41)

NEYQX! EHL SGSPAEKSRGOWECRTG (‘SEQ T D 42)

NFYQC| ESLAGGPAEKSRGQAMECRTG ( SEQ | D NO 43)
RiEydby paibpdyPAEleSREQKDECRTEE (BED of theNBR Dy i5)a tumor antigen.
NFYQC! EMLSLPPAEKSRGQWQECRTG (SEQ | D NO. 45)

32. The antibody of claim 1, wherein the target of the MRD is CD20.
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33. The antibody of claim 1, wherein the target of the MRD is an epidermal growth
factor receptor (EGFR).

34. The antibody of claim 33, wherein the EGFR-targeting MRD comprises the
sequence
VDNKFNKELEKAYNEIRNLPNLNGWQMTAFIASLVDDPSQSANLLAEAKKLNDAQA
PK (SEQ ID. NO.: 16).

35. The antibody of claim 33, wherein the EGFR-targeting MRD comprises the
sequence
VDNKFNKEMWIAWEEIRNLPNLNGWQMTAFIASLVDDPSQSANLLAEAKKLNDAQ
APK (SEQ ID. NO.: 17).

36. The antibody of claim 1, wherein the target of the MRD is the ErbB2 receptor.

37. The antibody of claim 36, wherein the ErbB2 receptor-targeting MRD comprises

the sequence



NFYQCI EVFWGERPAEKSRGOWECRTG (SEQ | D NO

NFYQCI EQL SSGPAEKSRGQMXECRTG ( SEQ | D NO
WONEIQE8803. SARPAEKSRGONAECRAG (SEQ | D NO 48) arir/Us2008/088337

NFYQCI EALARTPAEKSRGQWECRAR (SEQ I D NO. 49). 31. The

anti body of claim1, wherel'n the target of the MRD is

_ant. . 32. The antibody of claiml, wher
voNk Pk Ry B BRI PR o RRe TREE Y DR G i baf L NDAQA
PK (SE¢) 8. WA 1herein the target of the MRD is an epi dernal
( gjrowth fag\jtjor receptor (EGFR). 34. The antibody of
claim 33, wherein the EGFR-targeting MRD conprises the
88 m‘bﬁ@@tlbody of claim 1, wherein the target of the MRD is the ErbB3 receptor.
VDNKF NKEL EKAYNEI RNL PNL I\IGV\Q\/ITAFI ASLVDDPSQSANL L AEAKKL NDA

o0 T el Br ot 1, ddrein iR 1k RO MREY s Gl AL R

smface\dﬁi%MﬁEWﬂa%‘éﬂEhd}N&BNhW@ﬁ BAMPDPSQSANL L AEAKKL NDA
QAPK (SEQID. NO: 17). 36. The anti body of claim 1,

erein the target of the Dis t bB2 receptor..
%. ﬁ%ﬂtﬁ’rﬁ’&y 828 g, wheren ¢ g/R targgiof gheM BP SEP@BélogemC factor.
receptor-targeting MRD conprises the
380 URHRGE M@ﬂ%%bﬁ%ﬁ%%%%&r ﬁ@lawm%@en

EAKKLNDAQA PK ( SE he anti body of
selected:framrthqgrom éoeﬂlﬁlllghé Et(%ﬁlb dirbB2, Eth3J\HbH4sCDﬁ§ EslhiBBhke

Th ntib of claiml, wherein the
growth aa?:‘&)gre r%c?pt?rh%r Wﬁ(%aﬁaﬁp%ﬁr%ﬁeg??&]&a&%ﬂi surface antigen
epithelial cell adhesion nolecule (Ep-CAM. 40. The

ant Theaiytitotly of alaith 1, whéieinathe tdr§e@ of &egdR DO ahhagWRENIL S

an angi ogeni c factor. 4 1. The anti body of cl ai m 40,
receptofhherei n the antibody binds to a cell surface antigen

selected fromthe group consisting of EGFR, ErbB2,

&5 bBRe a8 of SR 42] WRdtkinARd Adifbody binds to a cell surface antigen
selected from the group consisting of EGFR, ErbB2, ErbB3, ErbB4, CD20, insulin-like

46)
47)

growth factor-I receptor, or prostate specific membrane antigen.
44. The antibody of claim 42, wherein the antibody binds to an angiogenic factor.
45. The antibody of claim 42, wherein the antibody binds to an angiogenic receptor.
46. The antibody of claim 1, wherein the target of the MRD is a cell surface antigen.
47. The antibody of claim 46, wherein the antibody binds to a cell surface antigen.

48. The antibody of claim 47, wherein the cell surface antigen is selected from the
group consisting of EGFR, ErbB2, ErbB3, ErbB4, CD20, insulin-like growth factor-I

receptor, or prostate specific membrane antigen.
49. The antibody of claim 46, wherein the antibody binds to an angiogenic factor.
50. The antibody of claim 46, wherein the antibody binds to an angiogenic receptor.

51. The antibody of claim 1, wherein the MRD is a vascular homing peptide.



grow h factor-I receptor, or prostate specific
menbrane antigen. 42. The anti body of claim1, wherein
wa wIngssget of the MRD is an angi ogeni ¢ receptBCT/USD08/088337
The anti body of claim42, erein the anti body binds
to a cell surface antigen selected fromthe group

nsj sti of . EGFR,_.ErpB2, FErbB3, bB4, CD20, .
5o T peft og Pl 11 rberein e Yeckigt beming PR tasgsging MRD
compristR ¥ delyfier®® NEBORGHUFESISEG4D. NOe: B)t i body of claim
42, wherein the anti body binds to an”angi ogenic
factor. 45. The antibody of claim42, wherein the
adt iTbo agtiteidyi @ clagn dnwherginoge MRDriee apve growth factprg(NGF).
anti body of claim11, wherein the target of the MRD is

S4B Lo G 0 0 s T o

claim 148. The anti body of claim 47, wherein the cell surface
antigen is selected fromthe group consisting of EGFR

bB2 bB3, .Er bR4, 0, 1. in-1j Wt h
P5c foteclor Pitdpiipe e pRgieolEoL BTt e Tembr ane
antigen. 49. The anti body of claim 46, wherein the

86! iAbagior RbM@fisihg t poyificReaad 6f dlaigt §4 in which Tienucleotide
ant i body of claim46, wherein the antibody binds to an

sequengerfi tb@m{y@uqlggigpﬁ%@pergivﬂy Hnked amthi mgylam s¢qiengelthat controls
exPressy}fmhgg&gﬁu%@d?ﬁ%@h&qségﬁ'-' ar homi ng peptide.52. The

nti bod wherei n the vascul ar hom ng
pepti de-targeting MRD conpri ses the sequence
ACDARESCE NG ofnfiriiriglhe Meator dflaimS3, off pgamit ofithel yelhf
claim1, wherein the MRD is a nerve growh factor

). b4 i sol at.ed pol ynucl eoti.de conprising a
SBorune i of BepiRedlivrsd Sl BHTBRAS AoHDoesan nged
thereof VACARIbo&PHP¢lAiRl 1Y t he pol ynucl eotide of claim54. 56.
A vector conprising the pol ynucleotide of claim54 in

whi ch the nucl eotide sequence of the polynucleotide is
8Perae method aficlaizad Swivherein the giseaseds ganselyuence t hat

controls expression of the polynucleotide in a host

| - | P clai .
B8 rpe i BSOS BRIl g g
to the sdbjegtase conpri sing adm nistering to a subject in need

61. A method of inhibiting angiogenesis comprising administering to a subject in

need thereof, an antibody of claim 1.

62. The method of claim 61, wherein an additional therapeutic agent is administered

to the subject.

63. A method of modulating angiogenesis comprising administering to a subject in

need thereof, an antibody of claim 1.

64. The method of claim 63, wherein an additional therapeutic agent is administered

to the subject.

65. A method of inhibiting tumor growth comprising administering to a subject in

need thereof, an antibody of claim 1.



t hereof, an antibody of claim1. 59. The nethod of

cl aim 58, wherein the disease is cancer. 60. The
waoreaobogkses cl ai m 58, wherein an additional thePGHESRD088337

agent is admnistered to t subject. 6 1. A method of

I nhi biting angi ogenesi s conprising adm nistering to a

bj ect i th f, . 1.b f claiml, 62. .
2 eJTE)gt!]ilf!égO(g?efeCiqig] r,e ,ere\m]agt} g:? gl@%?ﬁ@?ﬁp@ﬁ%(ﬁ%g@m 1s administered

to the subE@Peuti ¢ agent is adm nistered to the subject. 63.
A met hod of nodul ati ng angi ogenesi s conpri si ng
adm nistering to a subject in need thereof, an
&t ifoweathodfforpraduning a 841 lemgib anBbdttyc-onfprising ane@3 more MRDs,

said me\ggﬁ# ﬁér@gr@s&rﬁg eg;ttilflg (?rttm;&a a_f%%% ﬁ%ﬁg@{,ﬂr{;}gigstﬁgej[, wherein the
MRD ik B6divddt fkdif atphB®y digpleyMibrag@npr i sing admini stering to a
subj ect in need thereof, an anti body of claim 1. 66.
The nethod of claim 65, wherein an additional

e rupsthor dorpyericinga fhiengtsnatipemlyt ommising iy €& morg MRDs,
i i L S M Wk NI O, i o

MRD is démretdi fngm heturad liggidsusi ng an MRD bi ndi ng t ar get,
wherein the MRD is derived froma phage displ ay

library. .68 t hod.f or produgi a full.length .

980 16 ottt Bimg - svhetein irgniibacics & chifpeyic iiganized
antibody0Npri sing selecting for a MRD using an MRD bi ndi ng

target, wherein the MRD is derived from natural

| i gands. 69. The anti body of claim1, wherein the
dft i badpentisle gompripipg the sAueNGEani zed anti body. 70. A

NFYQREIL 5% ST R LAPORERIERI RO IR wpesin o o
X, is an§laraink aoid; K; X¥2iny amduty acidyixXds ay dninAcidsandXs i8@hy@mino acid.
acid; X4 is any amino acid and X5 is any am no acid.

71. A peptide of claim 70, selected from the group consisting of:
NFYQCIEMLASHPAEKSRGQWQECRTGG (SEQ ID NO: 35)
NFYQCIEQLALRPAEKSRGQWQECRTGG (SEQ ID NO:36)
NFYQCIDLLMAYPAEKSRGQWQECRTGG (SEQ ID NO:37)
NFYQCIERLVTGPAEKSRGQWQECRTGG (SEQ ID NO:38)
NFYQCIEYLAMKPAEKSRGQWQECRTGG (SEQ ID NO: 39)
NFYQCIEALQSRPAEKSRGQWQECRTGG (SEQ ID NO: 40)
NFYQCIEALSRSPAEKSRGQWQECRTGG (SEQ ID NO: 41)
NFYQCIEHLSGSPAEKSRGQWQECRTG (SEQ ID NO: 42)
NFYQCIESLAGGPAEKSRGQWQECRTG (SEQ ID NO: 43)
NFYQCIEALVGVPAEKSRGQWQECRTG (SEQ ID NO: 44)
NFYQCIEMLSLPPAEKSRGQWQECRTG (SEQ ID NO: 45)
NFYQCIEVFWGRPAEKSRGQWQECRTG (SEQ ID NO: 46) and
NFYQCIEQLSSGPAEKSRGQWQECRTG (SEQ ID NO: 47).



7 1. A peptide of claim 70, selected fromthe group

consi sting of: NFYQCI EMLASHPAEKSRGOWECRTGG (SEQ I D
WONED09/8SBBONFYQCI EQLALRPAEKSRGWQECRTGG ( SEQ | D INCX/B$2008/088337

NFYQC! DLLMAYPAEKSRGQMQECRTG (SEQ | D NO 37)

NFYQC! ERLVTGPAEKSRCGONECRTGES ( SEQ | D NG 38)

YQC! EYLANKPAEKS CRTGG (SEQ I D NO. 39)
ﬁquc@m%@pm CRTGG (SEQ I D NO. 40)

MOA QIR B PR BT e RS B
DELLINFSBQ BSNABAOAEKSRGOMECRTG (SEQ | D NO 43)

NFYQQ%%@%E RAB T&{ﬁé&bg‘% 22;

@@@g@@y@g@ D, 46) and
NFY QY=Y NFYQCI EQL SSGPAEKSRGQWQE gE?ggngDLl% 47).72. A

peptl de sel ected from

srieted/from theerqup Costs pEIEGSGSSL GAQTNFMPVDN

MFA?%’?%X‘@%% P R R AREEEIE T 18

XnELAPOYTXn3vhefe p wfrmdezbsﬂ (etot Wchriiho m;slﬂ h}é’m@re@ Q&E%GDSNSt 25
. XNEFAPWI X vvheren |sfroma 50_am no
XnEFSBY FXR s0etn, s OBepTbONeo00 25500 SeErAHISES D VY 28
XnELHPWPTX @Rk Qs fforr Gb&Hions 5@%th5 §<§ Qéé?cﬁleé ?@ IB N6 ' 31); and
25); XnEFSPWXn where n is froma out 0O amn
Xn AQQEELEXe B WEC KIS ®hetOn i2 &pm ahmELER)/ﬂ(anmeac&i nesudaes and

fr about 0.t resi dues (SEQ I D NO
X, X aﬁ‘i?paé%@ Wlﬂeﬁéééﬁw&&lwn where n is from about
0O to 50 am no acid residues and X, Xi and X2 are any

aal no papdptidé SEQain 7N Refdin tHedpepfidd el deedatork iRl grovs,
COHSlstmmg%%el n the peptide is selected fromthe group
AQQEECEFAPWTCEHM (SEQ ID NO:21)
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFAPWTCEHMLE
(SEQ ID NO: 23)
AQQEECELAPWTCEHM (SEQ ID NO: 24)
AQQEECELAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
(SEQ ID NO: 26)
AQQEECEFSPWTCEHM (SEQ ID NO: 27)
AQQEECEFSPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHMLE
2xConFS (SEQ ID NO: 29)
AQQEECELEPWTCEHM (SEQ ID NO: 30)
AQQEECELEPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHMLE
(SEQ ID NO: 32)
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
(SEQ ID NO: 33)
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHMLE
(SEQ ID NO:34); and




consi sting of: AQQEECEFAPWICEHM ( SEQ I D NO 21)
AQQREECEFAPW CEHMGSGSATGGSGSTASSGSGSATHQEECEFAPW CEHMLE
W@ SEQOSBONC. 23) AQREECELAPWICEHM ( SEQ | D NO.  2d1)/US2008/088337

AQREECEL APWI CEHMGSGSAT GGSGRT ASSGSGSATHQEECEL APWT CEHMLE

(SEQ ID NO 26) AQQEECEFSPWICEHM ( SEQ ID NO. 27)

Al ECEFSPW CEHMGSGSATGGSGSTASSGSGSAT ECEFSPW CEHML_E
AQQES TPV STV TS A Bt SO SRE e B PP B T HIMLE
(SEQ IBONO.: 10).

AQREECEL EPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEL EPWTCEHMLE

(SEQ ID N0 32)

AQQREECEFAPW CEHMGSGSAT GGESGSTASSGSGSATHQEECELAPW CEHMLE

(SEQ ID NO 33)

AQREECEFAPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEFSPWT CEHMLE

(SEQ I D NQ 34) ;

and AQQEECEVWDPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEWDPWI CEH

MLE (SEQ ID. NO.: 10).



