DI SI NTEGRI N VARI ANTS AND PHARVACEUTI CAL USES THEREOF
CROSS- REFERENCE TO RELATED PATENT APPLI CATI ON [ 001]

wahdios/osgsps | cati on clains the benefit, pursuantP€DUSH07/026125
U S C 119(e), of U S. provisional patent application

No 7 il j '

| RiRIERRI VARANTS AN THIARBAGEL ical, VBEs, THEREOF
DESCRI PTI ON OF THE I NVENTION Field of the Invention /
[002] The present invention relates generally to

di sintegrin variants, and nore specifically to

disintegrin variants as sel ective avb3 integrin '
ant ag&MQASS-REFERENCE:HY RIRHATED, BATEMT anEMs$TION

R RSB MeA T BT i PRBHCP Al 8B G 51t of
U.Sss %V@FiﬁibnéﬁbétehyQpFIid&io‘th@I 60/87M1854LR188 IDecenttssr?8, 12908, which

_ _process of renewal and repair termed "bone

is incarperated jereihy reigrenss bt ite eptiratypes responsi bl e for
bone renodel i ngDﬁ%ﬁﬁﬁ@‘N WfHEW\@ITﬁfIQr b bone,
and ost eobl ast s3 ; r enodel i ng

Fielﬁam‘theenvémmm to be regul ated by several systemc

. ormones (e.qg., parathyroid hornone, 1,25-dihydroxy.

- tBEPET e BigsdRbimien raliet GRS IaUiiA fisiNgo vatiants, and
Mol SToA 18 ittt as REBHITP KBS oar stitbonists for
tredtetent add peeventiaat of av@® ndegrin-associatedndibeases| | s to
B ubst r at alnd transmt externally derived signals

a n nbrane [5]. Integrin avb3 is

nveb3pd Béné tsga RBhRMEX ﬁ%ué@&h?b@%d BPBEVERS @élll)t)jﬁg!@,which are

[
bot'h in vivo [6] and in vitro [ Thi s het erodi nmer
contipledsly ¢iNndecgejng LeRrocres @ﬁf@ﬂﬁ%i&l‘i@ﬂa fr tarrged (Pgnersp

renieielings - Sae Bup Sheieh &R B ubls BT ey BPREyrRigRliRg B
ostéddIasts] WhR@sbib BERe £a%E Esicobhiste)stision fawh nef bemsl Bone
its expression is nodul ated by resorptive steroids and

remogieling has ferm knays &eiberegvlated Ry sexpr@ SyeiRiyc haypanes (e.g.,
porb 36 iR TSR LY HArh O BBk Horh e, ARS aloni)anc
localfaetgrs (e.g\ ntric exkites prostagkaraiing, grotrofdctars| asd sytokines) [1].

o 94T of Btagrrerr et radRegF bt deraps fiat apghoa gl to
sorf RO BAERIDr ety 581 S IS (7R Formorane 5]
IntegeinacstBBsiesnydi8éd ém thenestegolastmediated dwnieynesoztiore bioth in vivo [6]
and in vitro {7, 8]. This heterodimer molecule recognizes the amino acid motif Arg-
Gly-Asp (RGD, SEQ ID NO: 2) contained in bone matrix proteins such as
osteopontin and bone sialoprotein [7, 8]. Integrin‘ avB3 is expressed in an
osteoclast [9] and its expression is modulated by resorptive steroids and cytokines
[10]. Based on blocking experiments, avf3 integrin has been identified as a major
functional adhesion receptor on osteoclasts. Inhibitors of integrin avB3 reduce the
capacity of osteoclasts to bind to and resorb bone [7, 11]. Integrin av@3 plays a

major role in the function of osteoclasts [7, 11, 12] and inhibitors of this integrin are



[005] There are many bone di seases that are related to
osteolysis that is nediated by osteocl asts.

W@R08083IOSI S i S the nobst conmon one that is |PCUSM07/026125
when resorption and formati on of bone are not
coor di nat ed_and bone breakdown ov

being, CPRFIAgTecr SRR e0RPIRSITH ] réi#%?”@f Rigtastases [13] and
mah@?ﬁc& lﬁaﬁcec%HﬂBler%%Idé‘Pﬁ gonal inbal ance, diseases, or

tions cortrcosteroids or anti- eplleptlc
aggqA0s) [DhereBoaanasy bope disaasestbat arcoetatad 40 osteabysis that is

e Bl b Sl T 5 IRERS el gyt nuces

whé® QPSS bAd fEatcTPof 18518 hrd AGedRginatéd aRa boak breakdown
estrogen deficiency. Secondary osteoporosis nmay be

ovearnes;bgm@@umlng Detenposis isralse caused by etherseanditionss such as

ror R s LM PRl A RO Bt g ant-epc

ageMt€IRE - Bbhe ii$ ok dEthe atostRbAindM site®6f ﬁ@taf§t1a§|st5yahum2n breast,
assocl ated with cancer is essentially nediated

progietesdena.sangd threidicansers. tas well as othelteancensi [Snd)- ééteoporOSIs

may, 3l SIS oY e QAR N e Sty
ostécbpmrbgla&ﬁdy beasdocited withabeaaratoidtarthitisi Boae metastasis shows

i mpor.t ant confpl i cati on of osteol ytic bgne di seases. |t
a vey,yd,upq;uq glep @ \F&@W'?é%@ﬂ'ﬂ‘? e ail Pé‘&'ﬁ thatig net seen metastaS|s of

A oth@n’%@%ﬁbvﬁ |§’f?ﬁ&§9l)¢§é&éb’ﬁ% 1tR5t oé\@glyb% t@%f Igl %&&Tétéﬁd‘%ﬂm@{hcer is

reast ovari an ancreatic
esseatiallynmedsated b\yﬂisltemjasm wjneirmeerfw]) be[am&]ated and may be

inciFRev st el 10 b s Febiass pr HFFICRE BB AR 4. In addition

hypb%&@émlés(lr%rbﬁg’@d bfstilcaldih éﬁﬁé’erﬂﬁfﬁﬁﬁn%ponant

pl atel ets and ot her cells including vascul ar
compligatior lof astapdytiosbenaldiseases.utmccue tedatively freguentiyin patients

it eiilebodf heafR Rl s Pl dly RilinteLi breophuna,

rendli, 8980aM Sartf p&sdréaty 8afdihGrhadissapsiPas anmyemnd ¢4).gn of
t her apeutii c agents in arterial thronb

ostl@@flor disintegring aieya fyaieof Elw-mcae@da[—wmhtd%@mrcwntammg

oerRE 1450 ey s PABOATR] EB0: aheTR bt o

platefets aﬁd lu’cldert cellsrihclbdtn@bmllatemmmawmetb@ ahd sanveattandr cells
invitro 17]. through .t he bl ockade of

(14,1510 dp AGLION el fibis POt aNYieratelo chibg SGIcGs B flsintegrins have
revéQQQ Heffud&s ir(‘tﬂbkalé%ﬁ(ﬁqg 6?%5@0%3%@5? néj‘ud thg design of

ostate carci nona unm nera |ze
thenapeetlalageat!s inarteriat thraceidsis, aosteaparosissand amgmgenesns -related

dose- depe | ut, af.f i t.he vi abi
tumgf SEmEran etastansdal  RbAdSTaBtin IRbl i SRt dpridd from
the %Sbﬂéf@olﬂﬁ%léé?ﬁé@h&dbé?&nﬂr ﬁ§§tb@@ﬂ féﬁﬁéft@ﬁrﬂn@@b@t&@ﬂa

cell's [18]. Rhodostom n has al so been shown to inhibit
aggregation in vivo and in vitro {16, 17] through the blockade of platelet
glycoprotein allbf3. Furthermore, rhodostomin is reported to inhibit the adhesion of
breast and prostate carcinoma cells to both unmineralized and mineralized bone
extracellular matrices in a dose-dependent manner, without affecting the viability of

tumor cells. In addition, rhodostomin inhibits the migration and invasion of breast
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adi pogenesi s and obesity [19]. However, because

rhodost om n non-specifically binds to integrins
w@bdoblogBs4@5b1, and avb3, the pharnmaceutical useP&ST/U82007/026125

rhodostom' n cause serious side effects. For exanpl e,

and RRAtG aHEIBOmE GAISILE] oa0P GaHIPIA NAS Sp BRLSTPYBItG inhibit
adu?éé’é%ﬁﬁsf 844 oﬁbgﬁv[ﬂ th%ﬁf/é\fé? bécé(].%‘”eﬁ;%ﬂb%fo?mhrhdr{@péélﬁcally

ress these i ci encl e5 an equaci es,
binds teeintegrins dalib@d) oGt iaod w3 thmphaukacfsgjtml uses of rhodostomin

oo e e Yo Bisn d8 Bhkife TERBRH I  d&ting
caréiﬁéﬁfa@aﬂ@m‘m&fbﬁ Bffplawéf‘ég@‘éga%ﬁ @éﬁ%ﬁe@fral?ﬂ@%lde effect.
Invention is a polypeptid Is selective for avb3

i nt[6g7} n.Therefqrel 9@@ eiisteimthe ad to addeess thesaideficiancies and

na G A Wb S iR LB ofs lhRFggant wat
hasth Sh&¢ifgseRclViey RPINtEFriIEaUBeNce that encodes a
nodi fi ed am no acid se uence, Wt h reduced al |l bb3

and/ or a5bl inte T Tl pol ypepti de

; é’[oﬁé]epqﬂyal cfaeﬁjc{e @RHW&%%%W&%EQ@&%M tgg?r%]en-mﬁ is a

grln € seguence na erive

polﬁjéﬂtlele\mabim seTérﬂlvél for ntlﬁsr’mtegr‘my The poigseptider exhibits reduced
r hodost oni n, al bol abri n, pl agi n,  basi

bingiAg K UBBAENY TSR LITLEaH: CoBPERS I8 Wis-§eeidisintearin. The
polﬁega&/iﬂterlg)éh%d d”b SaSHbdlfﬁ%oe@@ngtt%gzhn ﬁbéﬂéeﬁdé’b@quence that encodes

ostati n araraci n,
a mjodlifieslt @nhino, adadséquancé,aaitleseducddmldisﬁmandﬁm!r@:5;&1nntegrln binding

| |
activhy.miBe R RGRUHE ek be ASHAtSH A chnBaed itk atumiy,
?]hééﬁﬁt hel“hélai%ﬁﬁég nhﬁ%g‘tlaé%@hheﬁcé ?n@y BQHEHQ&H dPn snake

I's a varl ant ostomn, In
venohodbbe dmmntegunpnays be dhosearfiarn rla@dmstemmaibelabfln Sapplagin,

vasiig BaprasiaionbieLL. Shrdi i oot skl SHboffutd Feoantin
flavbi8in, 88vdstatih Qﬂal?&mAﬁQI&B@tlnajia‘?élféfcwpfjarfals&tlm‘kfmﬁm aachesin,

a pol ypept i de conpri si (ﬁ:; he ami no aci d sequence of
lutogipQMatosgin, saimagin, caxetilin,Hergaraimt itd@estaine trimygrin, trimutase,

m no acid substitutions in positions
ussgg%tﬁggp%%%gﬁ@ r?o am no acids 48, 50, 52, or 53 of SEQ
| D [0iD] 1.Andthal adpeithedithesnantionfis alplyperside that issa aariant of

rhoggsl‘,t%r%lr? mo\llshlgﬁ?ﬁé Irﬁc’édnogstc‘;ﬂr%nln 8ompr|ses the amino acid sequence of SEQ
ID NO: 1.

[011] Another aspect of the invention is a polypeptide comprises an amino
acid chosen from SEQ ID NOs: 30-42.

[012) Another aspect of the invention is a polypeptide comprising the
amino acid sequence of SEQ ID NO: 29, which further comprises, one, two, three
of four amino acid substitutions in positions corresponding to amino acids 48, 50,
52, or 53 of SEQ ID NO: 1.

[013] Another aspect of the invention is a polypeptide comprising amino

acid substitutions chosen from Ala at position 48, Leu, lle, and His at position 50,
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acid substitutions chosen fromAl a at position 48,

Leu, lie, and Hi s at position 50, Asp, Met, and Asn at
w@omBnssses 52, and Val, Leu, and Met at positi oPCBEBSWN7/026125
SEQ ID NO 1. [014] Another aspect of the invention is

a pol ypeptide that is_encoded nucl eotide sequenc
Asty Mle ANl s alzR9silior\GR; % Vb L el ng|Melat PRl 53 af SEQ ID
NOOJ the invention is polypeptide that exhibits at |east
about a 5, 50, or 100-fold decrease in affinity to
al [[ob8] andinathern&bpiectoftbefrareationds ey pliderthat is encoded

odi t of the i ion, th tid hi bi t
R st kB S R P ST
; hgglga ”@ﬁ&heﬁgg’éeéthrﬂﬁﬁé 'rlTrg/ggi’EloﬁQﬁBBbet@RBQe that exhibits at least

omn. In another e i ment o e I nvention,
abouta Jd@A0y peg0DHoldcedrease imaffinidydo clibf3tand/anadB bas compared to
000-f.ol d decrease.in aff.ini.ty to allb b3 angd/ or 1
rhofstagi N A SRDRRERER B N ROYRERfLF AR at least
aboRFBTWORIN deErddie ih 'é‘fﬁﬂ%l Ml IBAaR@oy %Bﬂiiﬂ@gﬁhfasbédrﬁpared to
at | east about 5, 50, 100, 1000, or 2000-f ol decr ease

rhodestafriin.nintanatbepembetsnentofdbepanentionothenpelypeplideexhihits at

till . .a [ i t._of the dnoyvepti : .
leas] e Bt s ZPRP R EREr sl MmO el ahGiar gy ntearin
as ¢dmparidoadabiestoniin Pinogtbthkpeinbodirhentofahe dovartiopd the

rhodostom n and or a wild-type disintegrin. [0l 6] Yet

polyneptiderexidjiscat leastakoutid, & 18R, 180Q, Qialg dearaape in
aﬁi@%@ﬂcﬁl&@l& é’sﬁ%@ﬁﬁ%t}éo‘jﬁ ﬁm%%&fozﬁliﬁglrg%tﬂ%%(cg@& bAfOR er&ﬁ@of the

ron, a ar maceuti c cep e carri
inveéribn] thepdlypeptideerhibits a substamailyireduced activityyipgpolomgation of
rising an am no acj d sequence chosen from S

blogRBtE BB ZoR0TBPATE OHBEHEITIE A O WIHAYPR CIRR RGN

i s 1g16%t i i | AiolaY
91?}2 hpst fHotked é@p&t@f%\@ﬁ?@?ﬂ@g 332% pAYsiol&ically acceptable

treatnent and/ or prevention o
compusitipri compasinga pdlypeptide of the iavestiom|aricha pharmgceutically
hu . The method includes the step of adm nistering
accge%c%%| in need thereof a therapeutically

ef flg¢) veamstREPhsdctdf Bhé inVieptibhis ¥aIdIEptidE®omprising an
pol'ypeptide enployed in the nethod nmay be pegyl ated or
amipordcigdyaequende ehegenufiiom. SEQUIQ) NOs: §feb%spect of the

vorBT! anretatptfe aHeEdir aRveRtod » Yo S i 2 thsintegrin
variahbfr alatenand @8 iphevdiititin ofcdmavpBuinteymsagsociated disease in a
bitistatin, cereberin, cerastin, crotatroxin

mammal igluding|alumenn, Tha Behediingludasthesttep oh administariag to the
mafal 1 AELS théRbREARLApBEAR) Bfé&ivekdmblhtlof 4 BRAREEAN variant.
The polypeptide employed in the method may be pegylated or conjugated with
albumin.

[019] In one aspect of the invention, the disintegrin may be derived from a
snake venom, and may be chosen from one of rhodostomin, albolabrin, applagin,
basilicin, batroxostatin, bitistatin, cereberin, cerastin, crotatroxin, durissin, elegantin,
flavoridin, flavostatin, halysin, halystatin, jararacin, jarastatin, kistrin, lachesin,
lutosin, molossin, salmosin, saxatilin, tergeminin, trimestatin, trimucrin, trimutase,

ussuristatin, and viridin.



| ut osin, nolossin, salnosin, saxatilin, tergem nin,
trimestatin, trinucrin, trinutase, ussuristatin, and

W eos@sss4§ 020] I n one aspect of the invention, PCTES2007/026125
disintegrin is rhodostom n. [021] In another aspect of

~ thf[@é@lvgﬂﬂ'rpor{‘eoﬁ%q%ecglogghé) TN S R
1sln[é?§)¥|]1er| é‘sigéﬁ?totﬂﬁ‘ie vBRfSN, thB"rthQéiBﬁ{lﬁ'@o% rises a

e variant conprising an am n
varlaot df mmtc)stormrmorﬁﬁttsm@thlmzamleomm s¢qsicel of SnQtIRENO: 1.

e T e e

variaf¥ E&tn'p?igmgt A¥e afIRG atlf Gidehr fASA BEQBDINOsS 804D
includes, But is not limted to, osteoporosis, bone

t urfd23pr lpanasheasnad, thecthegastoonis copipiises arheminmacid chosen
ated tunor growth and netastasis,
from[ﬁ@%{}?@ 32,%? i n bone, malignancy-induced
hy F{@24]a| JAMBrd aspKbt f 8Ne MvehabRl the RIS iftapmsassociated disease
Paget's di sease, rheumatic arthritis and

Include%dwttlﬁ ppt II@Itep do59steapeanasish bpnaduer opranger growth and

t
oy EReq Bl BRI s LBVl Bt o1 Bl
tumymétast@aisenn tydneq imaligHamdgdndised Inysperroalcbmiatmgubgenems-
age-rel ated macul ar degenerati on,

relaied Pp piRaRFeS cEAdRLS dibasastiauRdts W@\rmss% gsteoarthritis.

ryJOZST" IR LRRNOF B ARERLON 4 BoPRRRL S i Plpption is
usedrfot treatmsrptemd/of ptavention eh Bn@Engieyqrsyp g aiedice yd dlsb.ase, which
inclydee i o epClimied (e iiaid ardohdposReRion. Hbele
retifbpdth, Rtheal REbvelcuRRid di8Basd$8ehdenfiBlinduced

post - nenopausal estrogen defici ency, secondary _
neOUSS@dQUZ!UQIrStln(DFDﬂibmihlghdnmplar and getlrtmmth)eof prgmaturity.

ootk « Apiait Shosia Sare RO bie 8P Ruar Fbolprasice ghthe invention

is ub&@ lf@rﬁtﬁééirr@ﬁ apal reﬂélﬁﬂld’n bi/ostEEpbIRIITOT Be obfdporosis is may
ost eoporosi s inclu but is not limted to, an

be asseciated yiih-a nam_l@gl@al gitionphosanipmpestspenerausah estrogen
deﬁ?fsé'ﬂ%y é)%ﬁon&{ag)?&te% torgggt%%ﬁgﬁfg gcért t%shBSahé‘&SfWOn get's

a polyp € rnven

disdasle, boaatcamoer, éb@d}édhrrmreaet@baﬁhnwé iatreased osteoclast formation,
ein a

an oo S R PR, 105 S sebe S adludes, butis
not lifMteBth 98 biafeEBRMdRkel Yr Postnflindpalsar ddteoporosis or bone
loss.

[027] Yet another aspect of the invention is a method of using a
polypeptide of the invention for treatment and/or prevention of an ovariectomy-
induced physiological change in a mammal including a human.

[028] Yet another aspect of the invention is a method of using a disintegrin
variant for inhibition and/or prevention of tumor cell growth in bone and symptoms

related thereto in a mammal including a human.



variant for inhibition and/or prevention of tunor cell
growm h in bone and synptons related thereto in a

worenvsmsssisicl udi ng a human. [ 029] Yet anot her asPeDUSIN7/026125
the invention is a nethod for naking a pol ypepti de of

t oigtls Vesaothacadract o 156 Kbentioars a iedog Tor fiaking a
pougg%ﬂ%fqeé 'uﬂferﬁ*Bﬁoﬂﬁé‘ﬁe‘fﬁédjc@ﬁ’nbYQﬁ\@tthé%té@ aSfSwg (@

host cell i'n a culture medium ~and isol ating said
trarséectingpa hdst ce‘lfmnlrrat palynudleotide enceding saidpglypeptide:(b) growing

said RpRcebndi Uit mefiat St rald EPBP g A The Sufthod of
the We)fﬁ’%ﬁtrhgﬁ furfigt dOhPGsk gRwihy hb@?&el?ﬁf@bhﬁ@reﬁ%édlwn free of

hanol to the culture fmediumto induce
amlpoqu@ximtar@eccélﬁpﬂes suparnatantie otiain said IPQWFFBﬁédﬁefr iheomethod

ma et o ise, Avang trettanehieng s fiile PR B iifucdThe
polﬁjﬂiﬁﬂbr@(ﬁresélbﬁ ineidrestaans| qﬂfé\ﬂétﬁbﬁmfalyﬁﬁrthéﬁc@mpﬁse the

performng a HPLC to obtain the isol ated

Sterpof pedprming.a cogo]n ehivematogeanivde aktaintkaid Robpeptide ¢n one

o545 SRS  BBAR Y 4B iy b o

obta{arthgrgolgtfedqgcqy;sepﬁd@grl n isolated from snake venom
OSl%Ql n anot her aspect of the invention,

di dPaekgrinether asrrePithe invendapds arﬁqwméﬂ'%ttd@oenqumg a
poI@:%?Jtiﬁg' LledRR! bt ?l/ﬁB i gﬁﬂx\%éf’éu'\ Ehcﬁ,l Pbggéhﬁaé rhea be varlant of

Derin, ceras tatroxi
a disindegrin nhotated frnoshake venbal.ysi n, hal ystatin,

. ar[@éﬁ:l né&}%&@%}%ﬂ%é hsqt {nﬂghp%rg égﬁ]s nhtegrln IS cﬂbsen from
rho&éétlﬂﬁﬁﬁ aélFBIabflh' BpSIaGhh, basiitif, dafroxys@uih! Bitigtdtin, cardberin,

il andt her aspect of the invention, the
ceraistin, m:rcaigtromnc dupsslaeeleglaotiosﬂlmrudm [flageptatin, aawslmehalystatm

jare{ 2R ool geigs: BAnReL PP E: AP Fa - KSR g%8urh.
terg%‘?ﬁiHF?f‘@ﬁn@&taﬁﬁernEhM thimut &5 luskOristadih hand &ﬁmﬂ of
I nvention, the pol ypepti de conpri ses an RGD noti f

var[O&a]t Hevanetherraspach 6f the investioribe disiBtagRNtGasAPSRS
rho:iljﬁ 30- 42. [035] In another aspect of the
§} f ‘'on, the polynucl eotide conprises a sequence

chqess) f riarandiEser 43p¥as of it Mvention, ABe isintdghiddomprises a

vangg%gﬁé)@igzpoerﬁltn c%cm;t)l?gnic] rth]/ee gtrrlnr?g acfdhgeqpuoe!n%gugfl S?é’é)l I% NO: 1.

[034] In another aspect of the invention, the polypeptide comprises an
RGD motif variant having an amino acid sequence chosen from SEQ ID NOs: 30-
42.

[035] In another aspect of the invention, the polynucleotide comprises a
sequence chosen from SEQ ID NOs: 43-56 and 78-135.

[036] In another aspect of the invention, the polynucleotide may encode
the polypeptides with one, two, three of four amino acid substitutions in positions

corresponding to amino acids 48, 50, 52, or 53 of SEQ ID NO: 1.



the pol ypeptides with one, two, three of four am no

acid substitutions in positions corresponding to am no
w@eiodosss®s 50, 52, or 53 of SEQ ID NO 1.[037]PEnusiver/026125

aspect of the invention is a polynucl eoti de that

oo Da 0T Anether Bsnesol The imengan s STmiudestide thay bypridizes
undek str én@\&@ﬁ&ﬁieﬁﬁité aﬂoycgﬁ%&@@ﬁdé%fm@qemi&?{ a

pol yndcl eot1 de t hat Izes to a polynucleotide
sed038ce Afothheaspedctdfitbe inebdionh iThgxdypantidet énnoded by a

ol RETqtEie et bYSTRESs B R e Muridsldesiiaulege & i invention.
CONDYTLt i THESH Ahd bhférfé%Fb@t@ Wil tSHc%Mé‘Qﬁpalgﬂg‘t gjbrghe following

vari ations and nodifications therein nay ect ed

desatiptiouof thepearidusgembodimenss daken in conjuretinnewith thefollowing

craB 8 BRORY Al e nd RGLGHEB hAEH e afcted witou
depaftirffrornthe sPirit Al sEo[RNGT e Rovdl cbAGSHIBRIT thié discldwrire.

witten description, serve to explain the principles.
of [04Q] i nthaesenmpaoying dsawingsdiistraiejoseer mate embodiments of

the SHVERREASER, Toqer MK TR WM izechBUSF) sordrd Sipiaifite

prineipléoobther inventien.descri ption, or may be | earned by
practice of the invyention. The objec and advan es )
of 164U T HAalioTal GhIeats Ot aaRE SldnaL DeaTHias Wi} D6 Set forth in
- £ 1. d i i 1

par 38 hct Bt VFIEoRoRS RO LARLINRS BRIGAEHLRT b

desuoripiors tavaday betledwied hhpractice gbthgyinyentionl Tthesabjegtsiand

advRipdeRa dRR ORI Wi B SHl£50 a0 AaaEbY P Pifo® elements
andéﬂﬁﬁhbﬂam%ﬁ?gﬁuﬁr@&in{mt inSe 2pPEARBEAIdHS:s.

raw ngs, are |1 ncorporat ed in and.constltute a_ .
pal@42f tlhissodiseendérstaddothat bbthutherfaregaing genataldesetiption and

e Kol GBI R85 S bl T Bopeon e e o
restHERtbPtHENVERtidlas BAMYES [044] FIG 1 is a graph
showi ng | ess inpact of RD and HSA-RD and ARLDDL than

r hd@®2lt onfihie aeerEPANYIAG rawimgsgwhichearieningpmeratedsgjand

. 0 A 0 [ . i .
confffie e 5L AEEABNB AR BHEBAORE 21 ARER ana
togéthgf Wizth the mtsﬁdpmbrt,heﬁ@tc{?éﬂgblelmthe&mnc#plés wfithd Dwghtion.

Fl B { Jartrate- ' [ [
Dhosphat ase BRIEF DESCRIPTION OF FHE DRAWIRES *°'
[044] FIG. 1 is a graph showing less impact of RD and HSA-RD and

ARLDDL than rhodostomin protein on bleeding time in mice.

[045] FIG. 2A are photographs of trabecular bones showing an inhibition
of ovariectomy-induced trabecular bone loss in rats treated with PGP protein. Bar
=1 mm.

[046] FIG. 2B are photographs of Tartrate-resistant acid phosphatase
(TRAP) stained trabecular bones showing inhibition of ovariectomy-induced

increase in osteoclast number in rats treated with PGP protein. Bar =100 mm.
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[055] FIG. 9C is a graph of the quantitation of the data in FIG. 9B showing
an inhibition of PC-3 tumor-induced osteolysis in SCID mice treated with RD
protein.

[056] FIG. 9D is a graph showing an inhibition of PC-3 tumor-induced
increase in C-terminal telopeptides of type-I collagen in SCID mice treated with RD
protein.

[057] FIG. 9E is a graph showing an inhibition of PC-3 tumor-induced
increase in the serum calcium concentration in SCID mice treated with RD protein

or alendronate.



increase in the serum cal cium concentration in SCID
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treated evithul'\r’nanrotein (ROP+RD). Arrows indicate blood vessel profiles (BVPs).

[067] FIG. 12B is a graph showing reduced BVPs in a mouse model of

retinopathy of prematurity (ROP) treated with RD protein.

[068] FIG. 13A is a graph showing an inhibition of ovariectomy-induced
osteoclast activation in mice treated with RD or RD-albumin protein.

[069] FIG. 13B is a graph showing an inhibition of ovariectomy-induced
alkaline phosphatase (ALP) inactivation in mice treated with RD or RD-albumin
protein.

[070] FIG. 13C is a graph showing an inhibition of ovariectomy-induced

decrease in BMD.



protein. [070] FIG 13Cis a graph show ng an
i nhibition of ovariectony-induced decrease in
w@kmspgssly FI G 13D is a graph showi ng an i nhi BCT/US00T626125
ovari ectony-induced decrease in BMC. [072] FIGS. 14A-D
ow_am no aci d sequences SEQ I D NOs: .1, 69 of
* hdBe okl a0 B SraROuWREES, MBI Shayerieciomy-induced
t sequences SEQ I D NGs: 43-56 of rhodostom n
dece%?gezfr@t%M%[ 074] FIGS. 16A-H show ami no acid and
nuq0eR} i delGRgueDeshdvE@minb kckt sé@ierResBEQIID NOsgdj and 57-
nts. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 075]
H@OQP@Q@H{‘ Vaﬁ'@@tﬁl on is nore particularly described
In by XA Aficldofibe BeBUEALEISER A NOs: 43-56 of
i1 1"ust atlve on y Since numerous difications and
rhodastomlmaaﬂanﬂserel n will be apparent to those skilled

DR 2 s Y STHES S RS Beinghs s 0
Nognpb t1t35ijQi"§th‘éthQ/a?iaWt§T5 that follow, the neaning of

|ncludes pl ur al reference unl ess
the cont ex '- RIREION 16X Ns used

n|[{)25\] eﬁber | }%ﬂ 516\1/%?113})5 :Hé‘) H}%ﬁ% :ﬂ)f?%u?ar‘fmaegﬁbbeﬁ the following

exaWiples thdthre GRBhaXY 6! iMastiativei sHIp bRz e diUREUsemodifications and
Additionally, sone terns used in this specification

varigtiengrthesespuiliie appareniita thase skdleshin thejart: oY arieug embodiments
f
of i B B PP GRSl Bl BB el Beorton,anc

throagtolibtHehelaimagrthat Xolkow, the méariag lof r' af, éarhaadvitee” includes plural
i ndi vi dual | |ncor?orated by reference.

: 076 .
refergnes HREss e CORtRY Sl@aﬁ'é(d’éCt?F? §IWisgo Ahﬁ% %ﬁ Wsghin the
desﬁﬂeﬁéjﬁ Hﬁ&ttﬁroﬁgﬁspp ﬁﬁit’f@mv?)t bR dfnlnt’ h’ﬁ:ludes in”

I nvent es |1 C

I on are 1l ustrate In
anddond opkesgithg cdnbam’t n@arlymﬁéﬂaMsTomsN[sm?/}\dd‘ itienalby, nseme terms

uselfiE s AR AT ot e sPacHEaTy Bkfed Rt Bl fpregpnces cited
andtch§cu§k‘é%rih'tﬁ|§ g&#.daﬂoh%@efmﬁpéﬂa@e&ﬁ@i@ﬁtbyweeéren@émhe.r
termis used tain terns that are used tfo describ

entirefies anvbta ihersame extent as if each reference was individually incorporated

by reference.

[076] Reference will now be made in detail to the present embodiments
(exemplary embodiments) included in the invention, examples of which are
illustrated in the accompanying drawings.

DEFINITIONS

[077) The terms used in this specification generally have their ordinary

meanings in the art, within the context of the invention, and in the specific context
where each term is used. Certain terms that are used to describe the invention are
discussed below, or elsewhere in the specification, to provide additional guidance
to the practitioner regarding the description of the invention. Synonyms for certain
terms are provided. A recital of one or more synonyms does not exclude the use of

other synonyms. The use of examples anywhere in this specification including
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di scussed bel ow, or el sewhere in the specification, to
provi de additional guidance to the practitioner

WO e@angismy) t he description of the invention. CDO§I087/026125
for certain terns are provided. A recital of one or
nore s non¥gfs does not K exclude the use of oth

exagyes phany @%@@cggs@(gﬁ@l@,gs ustrptveconly, and g\ no way limits the
i I

scop 3] mEB L RS A RRYB G SleriQIS LR, s iopitn s

not$|nm|eel tendrioas @migodimerite gmenentthmrsmﬁwbtlany

variDBeh dilsss lirrwics delived: Aechubatend SbpRlc Rrmaysed
herél?l' r%% tﬂbﬁer o né?ﬁf\d\;/ 'é@%on%‘nb irsRlodaone b?BFdlﬁéFy skill in

use e the sa meani ng as comonly
the lantcler\lslnlobdhllsynmmlomf pentainsalnythelcase quonﬂ@t dhe present
In the case of

dOCHH?ﬁ']q 'EPlUdﬂri%gﬁt?@b,Qﬂ? e@[}%@?}g t, including definitions

Wi l1b76PNt“Aebund W&lout’%ﬁ%mxm@@lﬁ shafl ﬁenerally mean within 20
"approxi mately" shall generally nean wt

perpentcwithin W) pereentowieincart, 3, i, Ohil rpescent of A glzencylalqe or range.

R e e e TR 7 s prounc:

“abb@tr B “ e &ﬁnateIﬁQ@Wbe miferréd it Iexpt@syy stated.be
|nferre not expressly stated. [080] The terns

pdp§%cﬂéfaﬁ tegens “poRuciantidge, ‘nuciepbidei’ cnelpls, acid,” “nucleic acid
| le ” @ [{]
b et AR e DO a6 HaRERE SR pupeote
seqa]?ﬂcel’siaté ws%&mtér?heﬂgb?tylyﬁ@ rzeéfei‘ ﬁ' pblqlnmllwfnmnsmfmmmtldes of
of nucleotides of an engt T | eot
anydgpgih sE”'QiB@WPF'@QHQéF @69?@&0"%% - dyEpepye §8§g§§n37 or

nbotn'i]%lerotlagél %gcf/onhéi'reéhéﬂBPé \6‘?% rivad<S The R&Ghy! des variants.

lants. rants may Fnclu e I nsertions, additions,
Vanmitsma;,nsclude msnexztronsuadcdmens Niedetians, de sgqutehoes, Alugleotide
isted in.t 3, di,r [ 081] Theterrrs
Seq“ﬁBF%@[ﬁW@Sm”ﬂ%Btﬁoo% ha “protein," used

I nt[@aﬁﬂanﬂr@\@rmst %olﬁfe%"tldb(” “aepﬁweywahu Cpidsi afseymi no
acids of any length ich can i1 nclud

|ntemamabw tocreferrtoray paMnﬁmaf@rm@f amm@caqdmomw tengdlyy which can

mcla@% In\%Hr? %, 8bc@r?%§e%cﬁbﬂ?co Q%b%oocce;ae% %h%’ﬁoﬁgg Jr‘h?‘ug 'acids,

cheﬁﬂ@él%@r biBeRémstNly rRbdified, @éﬁheﬂl@édl Eﬁ@éslgﬁér ammb acids, amino
pepti des havi ng nDdlfled clic, bic

aCKE@B@'D@?CP?@t'dQﬁWn@@H@I: Bnd\depsp E?Sd%nq)R@K/BSHB@eS hawng
mthﬂH?1 9@&%“5’@2 IR rc‘ighs Eﬁd,{brge%gﬁil&cﬂé ok Beéb%ckbon?s The term

ter elns conju
includedi singleethaingirotedn BsWell as mulﬂme&n dThaderon alsloapelsndes proteins

conﬁg%té& Itcg] %iqggltsurc]:ﬁtas #H]CE etﬂottlr? a6n%qjadlcggc%pes mclucmg, but not
limited to 640”, 67Cu, 9°Y, gngc, 111In, 124|' 125|, 131|, 137CS, 186Re, 211At, 21ZB|, 213B|,
28Ra, 2'Am, and 2**Cm; enzymes having detectable products (for example,
luciferase, peroxidase, alkaline phosphatase, B-galactosidase, and the like);
fluorescers and fluorescent labels, fluorescence emitting metals, for example,
152E . or others of the lanthanide series, electrochemiluniescent compounds,

chemiluminescent compounds, for example, luminol, isoluminol, or acridinium salts;
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1, 125 1, 131 1, 137Cs, 186Re, 211At, 212Bi, 213Bi,
223Ra, 241Am and 244Cm enzynes havi ng detectabl e
wpe@dogssss (f or exanpl e, |uciferase, peroxi dasePCT/US2007/026125
alkaline phosphat ase, b-gal act osi dase, and the |ike);
rescers and fl oresce t | abel s, Iu?rescence

spesmct indigaraelgcyles; Pemagsgmpfaa HRicrospheres:
nadggghaféy dBdSRE liRE. Twe%@%q&;mdmaa 3 lw@a,to

M nescent compoun or exa
thetiapebbmalgehts or acridiniumsalts;specific binding

nol
i A6 e B b st o RUBion Rl icRiting it potiited to.
glut'aﬂﬁbr":‘é’I @tr@ﬁﬁbf&%ﬂ@@'ﬂ) Hﬁﬂirﬁﬁrdt@ink NRIsRREPIIEINSUAIH & heterologous

The terns al so 1nclude fusion proteins,
amlnncaqujjseguemnﬁ sueh as |bmlu@mwetsaengpmtamm fmegxample luciferin, or
S-t.r nsf er GST) fusion.protei

aeajpth W Brgpogeeieraling il B Etdiens 308 BePigbgods eader

squbﬁbé‘énfﬂéi%ﬁ%btéPrﬁé’thﬁ withgut SNcesTRiiRal r’néﬂhérﬁhe Residles,
aequorin (green fluorescent roteln

pegylated prelginss and dmmewnglogicaly tagaeds os B@u@@@@é preteinpnSuch

s BEi 5p 0HE  BRAE Sy A8 i camcomprie

multif@ge éf ty poptiddsoalite inveritRin)e.g. $Imﬁodlbhﬁr§@rmlbmcﬁhnl$|mers and
al so incl ude fusions to epitopes. Suych fusion proteins

het@@ﬁlm@wn% betaipmulfisnersef T hevterpLaiep daalugdes pretide aptamers.
\fﬁgﬁ' Ofrhftefm Walz@érﬁ?}te%fﬁcgwmﬁ{ﬁé E@rﬁéx @prolynucleotlde

heter d| nmers and eromultiners e terma
refarsitd hyleddipatisn dadepstaimgest cériBignsThE€ondition$ hlyditnndnefaee

strindarcy ot FvMENA s SRR MR BRs ons ate widely
knogﬁggﬂwgﬁﬁé@h th8HrE aE?alﬁPrésWﬁb{ géit I%lﬁlz%%%dltlons

ybridi zation reactions are 'w dely known
incladel hybibdizatienl in 4 X sediam Chlﬁﬁdﬁﬁslodﬁlmmtﬁtel(8§@’)t at about 65-70

° d Iotd i nel.ude h d
. 8t BvhiERNaT M K SEL RS APE it stebdlfrshecyfpliowed by
one®p mBFe WhBhES 7 8XISBCI At 4bouteH-70l°gs 50% f or mam de at

about 42-50 0C, followed by one or nore washes in 1X

ss@84l dbthwiterseligendirefersdo]a meleeule thatl binds i apether s

moIEacQ,uI%, [ﬁ%lfoﬁ%% r%g'élfbt krl.' nds to another

[085] A “host cell” is an individual cell or cell culture which can be or has
been a recipient of any recombinant vector(s) or polynucleotide. Host cells include
progeny of a single host cell, and the progeny may not necessarily be completely
identical (in morphology or in total DNA complement) to the original parent cell due
to natural, accidental, or deliberate mutation and/or change. A host cell includes
cells transfected or infected in vivo or in vitro with a recombinant vector or a
polynucleotide of the invention. A host cell which comprises a recombinant vector
of the invention may be called a “recombinant host cell.”

[086] “Treatment,” covers any administration or application of remedies for
disease in a mammal, including a human, and includes inhibiting the disease,

arresting its development, or relieving the disease, for example, by causing
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oo AP B Sl Rl i B R e
proﬂﬂylﬁbtlé ﬁ’f’ﬂéﬂn%%‘f c@rﬁ;ﬂé@@bﬂé‘ﬁna"ﬁ??&ferﬁ‘hgtd"élsb]i’d@*ﬁr' dynptom

reconbl nant hos
there‘orf eadfmrrmay bedbeta@eum imterms efta aartishos ncoambqetrecmtreéw a

i P Sl S e BT 08, L s pogion

provities $evetreatmeht afd pfphyRsigglttinsudes (é'ﬁ)srfrevéﬁf ing the dlsorder
exanpl e, by causi ngregréssion, or restorjng

fror @s&MIINGPIFeCEINg i & Subigct whodeay beinred nseﬁéeqi & theydisorder but

R e e Ty

dev@fdp@ﬁént m\/stbpplgg&mtetmmatmg ml’he dfsoad@ab:’mul legstaitd associated
condition or disorder in a i ncl udldne% Fuman
eliie

sympams; sadhatihp hast ppdengersuries fﬁ”ﬂ e diser SctyEnRtoms,
t fi

socl eI B AU RO RSN oo M O Ry

restooinglartrepaiing & tmst amﬂ;smmiedefanhﬂe)fum:ﬂoer grstirhblating an

. tt but abl t di Thu he i
inefftispt REICERSL A (1) Salieing. Al asings it paighorathg fhs.dHorser, or

symiptdmid £34001dtEd tﬁé}@vﬂhs%@% ahleBTafifgHis'Used iAfa broadhsense to

recurring I n a subject who may be predi sposed to
refeahte at teast Buedustiontn thet magnituderat & paramptérnaueh asigflammation,
|sorder such as arresting its devel opnent, (3)
pau§t PYMT §128 i nating the disorder or at least its

asqo8ypt eal" éﬂé?ﬁﬁéd”éﬁtméléy hé@dptable dxrEér nefdrtgarnon-toxic solid,
suffers fromthe disorder or its synptons, such as

serwa@lsd agliquid filesidiHent, emapaulgbn@ématsrlai fernylatien guxiliary, or

xS B FRLPE L B R ER, Acb LT o

toxipte e€cipients af the deddges ary c@hdsﬂtna@bnsgmpmyed and is compatible
aneliorating the disorder, or synptoms associated

WIthﬂté\.eémrﬁdlqmmet%f@rmylaé'pnng is used in a broad sense
to [()% C%Rbﬁﬂéﬁ ﬂﬁfét‘fsc%% hﬁ%ﬁu?é‘tﬁéﬁ%sﬁ%%bbh‘@%s‘% c8rrier,

para ammation, pain tuno
suclalawa phé&ﬂ;acéutiqaiﬁwameptahle:aanrmrmeexplpa&ritéhablsmoawentlonal in
the art aergcf w‘nch |snsur}ab% #or admmlstratlon into a subject for therapeutic,
diagnostic, or prophylactic purposes. It may include a cell culture in which the
polypeptide or polynucleotide is present in the cells or in the culture medium. For
example, compositions for oral administration can form solutions, suspensions,

tablets, pills, capsules, sustained release formulations, oral rinses, or powders.
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semsolid or liquid filler, diluent, encapsul ating

material, formulation auxiliary, or excipient of any
w@eovsestsional type. A pharnmaceutical |y accept abdEUS2007/026125
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end@BIa‘sﬂ% ‘?et"lﬁﬂlﬁmc(@R)S THE ERdSe pYrated thetremdrasaLbaum@toréteins

s, including, for exanple, bacterial, )éeast
from otrg%rlprotﬂlramt Oncadeecalizedrta the i rateieeras beffoghpr directed to

the Gilaetand F LB MARRD BRI o UaRY SHer SRy LRI, the

plasth® YfembFarks lysdsbmey) aptatRenorgamdllesy i ncl ude not
only secretion signals, but also a secretory | eader

sed¥®3ce. wlg@@alm aﬁpthi@metl%\?ean@/ﬁe@uaflcatm@ 1a9§éﬁ@v@ﬁ added
to ttﬁ?é%ﬁlegfllﬁ @% ?@@ﬁn?gﬁé %%Z?@tggéa n%P%’ﬁhé‘lzrﬁe_Bgratlon of the

polwre@mdénér Her additibh ef ppptide mmetlémtoepdﬂype;bmctesjtd enddreler

ER, proteins can be furth%r dir 5
secretion or excretion, to improve stabllity, and to facn itate purification, among other
reasons, are familiar and routine techniques in the art. Suitable purification tags
include, for example, V5, polyhistidines, avidin, and biotin. Conjugation of peptides
to compounds such as biotin can be accomplished using techniques well known in
the art. (Hermanson ed. (1996) Bioconjugate Techniques; Academic Press).
Peptides can also be conjugated with radioisotopes, toxins, enzymes, fluorescent

labels, colloidal gold, nucleic acids, vinorelbine, and doxorubicin using techniques
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the Gol gi apparatus for distribution to vesicles,
i ncl udi ng secretory vesicles, the plasma nenbrane,

wo y®emesses, and ot her organelles. [093] AdditiPpeEUE2007/026125
pepti de noieties and/or purification tags nay be added

nowai i aghel TTanson ad,d 0P} BBRONBGRtS ReCcaaaRes chosfemic
Pree§p$fe?|§nd@{ 8t &sod)0 pol ypeptides to engender secretion

excretion, to I'nprove stability, and to facilitate
pur[094}: atﬁusmn padngrsosuitable éarsusesin theaénvantioni includadfor

& (R oM SEru Al e, a9 phifioce o BigiGfiagments

Corﬁﬂ&at@bcﬁrbféméxﬁﬂjcﬁ% bél?eﬂfylé?fé% I'yé@lscdrﬁhg?;éléﬁ Oé#’édéisé ‘fb?di\/ld ed.

biotin can acconp i Shed USi ng te ni ques wel
knd@ﬂ5] Theepapmdeq efethﬁany,@mt:cmcarq aodye gn@@muu@aﬂthesuzed

using. cﬁagfuge% et e igfﬁ%gge%@#ﬁfpiueraqqﬂm@@at&% 310:105 111

(1984 Brapeeat (10828 Syntieicl Résttlesg A UsedUGlikies VAH. Freeman and
vi nor el bi ne, and doxorubi cin using techni uesknomn in

Co.t HeS aPatent Nex feivebB84N. For exepple; @@@Wp@gﬁ@% corresponding to a

fraﬁ%ﬁ%f%ug&xﬂég@%egée ggr{yﬁ?%%sﬁéeci By?"use 2p ef\é;%%os@)ntheszer or

thrdugh&ﬁélus@ ofrstJhd askanethcaiykrowi it thierart.human serum
al buni n, /[ or _one or nore of the|r f ragnment

Conp Bt o eTaae denih AOTARSRAAARING 4516 chemical amino
acncfﬁﬂél!dﬁ@tc%ﬁbé‘fn?ro?lhé?d RsQy s Qltu{l&??} ad8ftio ?ﬁtb'tﬂg $plpeptide
el be us’ ngp

vention can a c em cal Sy nt esl ze
sequenbe. tlomscliassioal aminohacids indledey. butsaee nldu lidtpd Itd gho the D-

isorBis HURP SOPURPN ARING At B4 GAMINOOHYAC F5id AraaR dsobutyric
aC|d3Q1 amihobutiidd 884, NBu, S-aiithodittydic atRr, EKB\FF& Ahxa6-amino

pol ypept 1 de corresponding to a fragrrent of
hexpobigpagid i Aib, 2eamine isgbutydsiacit %gmmapm‘pmlp@ptd @snithine,

nor BB RS R U B 4REe i SR TR IR st
acid) /Ut AgHchi@, t-@ﬁtﬂé’laﬁmed%h@hy@w&@Qiyc@ﬁéit?la@@rhﬁe b-alanine,
analogs can be introduced as substitution or

fluogeramine gcids; 6eslleepanv@@mdﬁeswé\qaﬁshdeethmbamtmag@lﬂ@aca-methyl

amif s Neinaele Hffinstion Sl dfing o6 SRt imdere'Sl
Furﬁﬁrﬁhorét thgiameinb i tin ibe [ac(ddxtrélroeawﬁobut(wvbtotaw)d

ami no butyric acjd, g-Abu, e-Ahx
heigm c kha polypestides ahihgdnyertinn 9¢n Eeasp%vergd z?rﬂanP”f'Gd

frorﬁ "cﬁ@hﬁ’éﬁl%gﬁﬁie‘ils ahg 'rééBrﬂGmaHPEél?Fﬁl!t%s t{‘fgdﬁbéf(‘]emethods which
ydroxyprol 1 ne, sarcoslne I ne crtrulline
mcludsthmt.recnodi]lnntekiubyaginymmm sulfaie oy letthanal peegcipitation, acid
extn%ctl nr¥ agn gr(l: Iorr]?:atlo ngﬁae%(a/ | ahr%%gt%graphy pﬂosphocellulose
chromatography, hydrophobic interaction chromatography, affinity chromatography,
hydroxylapatite chromatography and lectin chromatography. In one embodiment,
high performance liquid chromatography (“HPLC") is employed for purification.
Well known techniques for refolding protein may be employed to regenerate active

conformation when the polypeptide is denatured during isolation and/or purification.
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fluoro-am no aci ds, designer am no acids such as

b- met hyl am no acids, Ca-nethyl am no acids, Na-nethyl
w@piosossses ds, and ami no aci d anal ogs i n gener aPCT/US2007/026125

FurthernDre the amino acid can be D (dextrorotary) or

| evor ot ary [097] .. The, pol yp i des of the
\(I@%} orf PSR '% Of ESBUQQ@JR%%OEE}Q invegtion 6an SrIRPdifipd with or

cov?m ! Hgg:éh%e?{:‘% (?lﬁ%ﬁﬂﬁigﬂé%? aORriety b EW@?{‘E‘%{ qﬂ(l))’@rﬂgﬁsr b increase

but are ‘not
soluiitity reindnoioul dtenehalf-lifet dfethepeptidei [Buitableononproteinaceous

hydgc)p%élﬁaé:]tglglgnmﬁﬁ Irog@fgﬁlec %JI OS%%X hi%ﬁ&ﬂe EHgB\'tog{H’thé/d to,
pol*d“lgﬂé%?é 98 exBhipIMES gr:m&lgyeth Fe‘?‘n'e’bl%’ol‘?dﬁd%@?%p?l@h\é glycol,

roxyl apatite chro raphy and
pol)dantmmldgpdpglycollmaoldepeiybumlhenes pﬂlg\hn)delcbbohance

t HRL | oyed . f
poly Py SR cold BOR Aati Faash diivetPes fniatang dextran
denl%ﬁ’&@é nG@ﬂérehF,‘/ SaBh ﬁyél%d}ﬁhcf [ﬁﬂ?ﬁ%ﬁ'@hévé‘@hla@rage molecular

conformati on when th pol ypeptide is denatured durin

welgb@aagirtmfr@mbnutpﬁm toj aimutdﬂogmyalmrpseémr@@b@ut 2,000 to about

40 QBB 0GR T o Bhoh 5 40 GHIER 2030 oy, .2 pBblde can be

deriV¥ZsPWithict deRIpYettcSsiich ptbl mas&g ary of the rﬂéthods set forth in
circulation half-life of ega)g Sui t abl e

Zallmﬁkw St é‘i&%&&%omy@af@&hemo G155 MasifarginipCi ) al o 1995)
Blocg%rﬁ§§%ﬁgs¢h%ﬂcb“éjf69bﬂts & g h'dﬂog étzﬁ:;?s 689: 4.301,144;

hersas exenplifie ene gl ycol

4 6'&0141?504,379110132 ant7YBYT odr, VW@IQWIMSZGC ac:| d,
oxyal kenes, 1 al.coho

| d, | | yvi
Dol 8y yPores PGBMMERIS, 8l Radgia e TATR IS Provided in
for é’uaﬁ‘ lﬁﬁeﬁharﬂﬁaﬁg Ball fﬁf’ceﬂﬁéﬁlb%rﬁ@(s‘ ¥&tibidis, and diluents, of

ner al suc pol'ymers have an average
whicip bemdba«armw gre kmmg imthef asmTilesetphedMaceutical warriers,

exctpéqr{tangng apuqrﬂgmf nae ﬁ%bso%ﬁfdgq ggﬂ%@tsigeﬁj%r@ggquﬁpahgxmplents
Ilstlﬂ_@QJQPF&ddjﬁFC@ibu?i@n%e'Ulété& by eShateybhe s p. czmml 2406,0USPC4 NF 19,

mers_using any of the méthodS set forth

Umm % tapek Phagnacapaish Cenvendignuigat (R @Heitie, Myl. igﬁm%889788 03-

Qigleligat assBbrdl BBl ShRIPIH YERHRSRE gpts, carrirs
or dllﬂléﬂts Ardréadily GvattaBilto. th8 pubfic 1K&;r§8Ver QihaVi@aceutlcally
95/ 34326. [099] In sone enbodi nents, t| de of the

accepipbif puNlia®y ithsianeas, sHch @smhl aﬁwﬁnm buffering agents,
toni§ii7 BREEHE ERhls! RAGRIE 3 B4ty anfiEbME Ak reBly

var i
avabable tﬁhleepubhkar maceutical carriers, excipi ent s, and
di l uents incl l[lde t hose |I3€F din th

pha? Hee Ryitable eaE|ess Nl tiahg no ggmltgg(}owyater dextrose,
glyﬁ?@l' géf?ﬁg SthahSit 8Ad RN SERHS Beredt: T éarfiéPBan \daRtaid

additional agents such as wetting or emulsifying agents, pH buffering agents, or
adjuvants which enhance-the effectiveness of the formulation. Topical carriers
include liquid petroleum, isopropyl palmitate, polyethylene glycol, ethanol (95%),
polyoxyethylene monolaurate (5%) in water, or sodium lauryl sulfate (5%) in water.
Other materials such as anti-oxidants, humectants, viscosity stabilizers, and similar
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Uni ted States Pharmacopei al Convention Inc.,
Rockville, M. (ISBN 1-889788-03- 1)

weh@ssssetit i cal |y acceptabl e exci pi ents, such BGSI/US2007/026125
vehi cl es, adjuvants, carriers, or diluents, are

dil i | abl to th blic. M )
ageni Fan be Addes) B3 NEEISAN, FETllanepYs BeBgtation erbange s such as

Azcﬁ%éaﬁéﬂbttféinemo%d buf fering agents, tonicity
adj usting agents, stabilizers, wetting agents and the

| i 8101} dnrphadinagenticdll dasiagetforms.ethpudsimpositiaisoof the invention

can i efimiialefe ULt fopioldfei rRialeltalAEobfiapie sats, or they

canCé1§@ib_%ﬂiée%“éloh@@r%%pg?&tﬁia@@b%é@éiaﬁ@ﬁl FPWERIAB in combination,
_additional agents such as wetting or emulsifying

wittagther phaprapegtically ragting eempoundsadyhe subjsctg@ropositions are

orrSUBPRE Ao 50562 g B on. o'
MetPad8idf Jireatnpsity et hyl ene gl ycol , ethanol (95%,
et hyl ene nonol aurate (5% in water, or sodium

pol yox . ) { k ! 0,
| ad_ﬁw kuAd avB3 istegrinassaciated diseasentickides) Bukigdiptdigited to,
- OXI | i L

ost @l 8, 630 Do BLEAAGH ol SE8 L AR BB gt
anghsyeriesis-relatedrthauregrowsiuahd asetastasis, tamoahsstab@sis in bone,

included. [O Ol& I n pharmaceuti cal, dos forms, the ,
malmrm%&@ ByPecalaeianengRaearsisEciaipt Ay disaasesnPaget's
disdd¥e ﬁﬁ’é%gﬁc Ef\ﬁhfi%%ﬁard’%é%ﬂﬁrﬁ%'. l'y acceptabl e salts,

or they can also be used alone or in appropriate

as40t03} i Reptides ofehe imgeritioncnapibesadroinistaradhtooa kgbject in need

h ti.call ti ds. .T bj e .
of tZ3HBEEY BY iSCURrLs PSRty s a8 Y JP HaHE PO RIgRloRL BEY
injeBfioP8F 8pplictiondd the YelevbhPsite, Richaftshp Hird étanfeBbh, bddirect
02] An avb3 integrin-associated disease, includes, but

appliatian td thei sitedwhen the site imexposed ibssrgentor bytopigatapplication,

ro and synpta rel at her et o,
suc] 5 s dSpBerls BRane R I PRIIREad et ast asi s,
t U1 OFEtREHtRfEsSof tRe hVEhtiofeddrop@ liskd iagdreRtherapy.
hyper cal cem a, angi ogenesi s-rel ated eye. di seases

e 1
Altepaglively, the neplides ohthgrivieatian capile ysehin combination with

staf g aRpiT el cSet S Il SFSociatel r 488t rent by
| Nj[etOS NG THIStRAGH bitheSadhtesaR b adHi@waNPUGErious ways,
injection; or by injection or application to the

including\arat, buiceal, negah regtabpagenterdl, intjaeeriicnieal dptradeeal,
rrRBBEhE0 SGPueblS, BbSeih R Ry R BIARRY hventricuia,
intradraniaflantratraciealnang intrath&cal admimjsteation, etc., or otherwise by

implantation or inhalation. Thus, the subject compositions can be formulated into

preparations in solid, semi-solid, liquid, or gaseous forms, such as tablets,
capsules, powders, granules, ointments, solutions, suppositories, injections,
inhalants and aerosols. The following methods and excipients are merely
exemplary and are in no way limiting.

[0106] Suitable excipient vehicles are, for example, water, saline, dextrose,
glycerol, ethanol, or the like, and combinations thereof. In addition, if desired, the
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[0104] Peptides of the invention can be used as
nmonot herapy. Alternatively, the peptides of the

WO poognsssesr can be used in conbination with staPdEDS2007/026125
reg| mens to treat avb3 integrin associated diseases.
[0105] Adm nistration of the agents can be a%hl eved. in

vehicle call $oRtajR MinaE pMPURGS ef awuxiligysbstancesguc rygfting or
e 3Bhts O RA AR, Kl e f BRSSP
doskagerfaas dreknown} oawdinve apparent, torthose skitledlin the art. The
compo SRR A S ek O S e RfiesEhSipiauaniiy
of tife! Qg@ﬁf a é'té 'a‘éﬁﬁev%eiﬁek?fesfr@ﬂ 'Qﬂét@tlﬁ‘ihé Bhﬁject being treated.

arations I n so sem-solid I qu ui d , or gaseous
f or[ﬁtQ?]s Uk peptidesibf ﬁtesmveanmu o7:13 be;fomjelaéed g\’(@@mrwatlons for
ections

nieflh Y A OIR0 oRPERTS SEETsTTE Mt b a8 s o

non%éﬁb@h@@bﬁleﬂf SUERIR Ve%lﬁﬁlé' & othansindila oils, SyhtMetic allphatlc acid
l'imting. [0106] Suitable excipient vehicles are, fo

glycstides| estevmothig eaallmatlcu@sads@s@ror@rlw@gbﬂcol andaﬁdesnred with
he Ll

conffbaf izl dafye Sl A sBblIRES: 1TfoRE Aashly, HEbbpfy ddents,

em@uifyihg Agents! @ﬁétﬂﬂi&§ ane breservwetivdsn OO ther éomhdatign$ for oral or
agents or pH buffering %?ents Act ual et hods of

par@fﬂf@p@lrdqhgemn alsopused.as eervaptional indhedrt.| pe
‘f@ [?lgmttgé’r?ﬁsb%féd t5% fd efﬂa‘ ;?JI#RepYWSQHQP%Xtt{eOBu rified

mnis In an

frorﬁ snhkeé neaoqnamﬂ'ﬂdryc@ﬁtatmmea@gnﬂna@&mum-espartlacdulda@GD)
the desired state in the sub ct beln tr,eat,d

sequepept \Vitbubpeingdaunshy B iSel 9 h%'beved] that the
RG g[tﬁg%ﬁé Pﬁﬁsf\ﬁiimhﬁheéﬁlhﬁy t&)ht@%:ﬁ%)io%l%k e/ ﬁﬁ@r%haﬁ of

ying t in an” aqueous of nonaqueous
integdhs exith, R@lﬁ):boatalmegqalrmleirts obisotthgrins thtid Blockadbesive functions

t het i atl C_ac cerides, esters of higher
andaz%/qq Ip@lej egatiof HK&P&{ glycol; and if desired,
Wi tb1@9]m’ﬁ’ﬂat hoBRliARAH “RHEE e rﬂédé@tbﬁ‘hh' WIS is a disintegrin
[ sot onic agents, suspending agents, emul sifying

derlagdrﬁtosn the ¥enOMAfGollasela e shodeatpmes  Rimpdastomin non-

ope . 138 . BT P o iriiabi tting

time By saHIbiiagipigteldteigeredatich fhaouigly ted bloekde pf prslet ytoprotein
may be purified fromsnake venons, which contain the

G”b&%l ni ne- gl yci ne-aspartic acid (RGD) sequence. W thout

[ i d

0P8 T ARSIt TROHASHATR il Bt 8
fu n¢tnin%y iagtivé prdteirm brtdmolypepudmbl any dénvati\m;rtheaaofa thiat

RGD- cont ai ni ng proteins. % ? t hus 9J<

compyises; afamine acigsequence erlve dified or muta ed from a wild-type
disintegrin such as rhodostomin. A functionally active disintegrin/rhodostomin
variant can specifically bind to and inhibit integrin av3 activity. The disintegrin or
rhodostomin variant of the present invention can be constructed by any method
suitable to the aims of the present invention, and in one embodiment by a site-
directed mutagenesis method, and in another embodiment by a polymerase chain

reaction method. Variants may include insertions, additions, deletions, or
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and act as platelet aggregation inhibitors. [0109] The
abbrevi ati on "Rho" neans "rhodostom n," which is a

waele@®snsssgs i n derived fromthe venom of Col | 0seP@®IH2007/026125
rhodost oma. Rhodost omi n nonspem fically binds to

susufBhh S fissen i AR e VAR LA esnst
seqPEh@é’Q thddtRe Blosdicsly sdtival p%lﬂh@?pﬂé ygaa@t ein all b b3.

The "disintégrin variant” or "rhodostomn
val{Dﬂihﬂ Petisles afdhe invendionagead inglugletnataraliyacsuringangd non-

natRY RERUG B PABY R e RBrGRlse ROy o

corﬁmﬁﬁﬁ@h ¥f bdahy meamm aties! And wﬁbugsdéd@ﬁ’@sb@l‘%yhthé‘tlc" amino
functionally active disi nt egrin/rhodostom n vari ant

acndﬁa&ﬁors@@mpiecﬁrmgatrml Amine agists, Genmesthy!iamiegacidsy @nd Na-methyl

sl e 107 R A e R OB AR b e
cyckidli Papliges oai h&:l@défaonfclééwcalraemﬁotadldwmn.*ordento mutd)duoe
one enbodi nent by a_sitedirected nutagenesis net

partigitia gonfarnaenal raelifs mékty mpvm penyHassica amap@c'é) can be used.
Ami‘[gggéli{ld %ﬂa%&% Pé/Btr dcﬂﬂfrﬁe Ved uftié O rhOEREd | irSS%l peptide to

I ons ons, orsu I ons conpare
indudwosﬁabpespemﬁo&ede:sdaryaitntmmrespmchnmr}gqetmt|nd>e||m|ted to, LL-Acp

LSRR RuGAL R Beb LR ot ncoo

-shék?c'IH&\?clﬁgta%ﬁieds‘/P%?Nfﬁdd&w@ﬁéalBéQ”@h@hi‘hﬁdﬁ&Edj Hhé!o@@ y-turn

am no aci des can conprisé D-am no aci
indunimg anatogsn Gy- Al}l tundinalegs; enideibend |aasteo@rordtmrazol and the
like “designer"” or "synthetic" amino acids (for exanple,

€b- net hyl am no acids, Ca-nethyl am no acids, and

Na{o®iZy A a%amrﬂybﬂaes@érsoky tESiGP B aN b%nﬁeworated at the
proFertl es. Additionally, peptides can be cyclic.

ternpippt erdssotthe peptided sortbat these is raterainaloamifioder ¢arboxyl group,

to B en S oRbETNEEMRIAE o TR0k RhpERBlaf Gl
funétioindl gradlpedaciude dmiae) dmrd@lRSwerSalkﬂnahﬁde dt gower alkgt), lower
into a peptide to i nduce or favor peci fic secondar

alkaxyy nwrl%sand garkeKyngndiie lower PSAT 9@6\/%/68@%05 and the
phalf'rlngcéuﬁégllg%c%epfa?qggbﬂ'?'ﬂ?er@ garboxylic acid), a b-turn

ucr n e ana sheet i nduci ng anal ogs;
b- Ot TB]I nﬁu;:tenm '&@gd bgls“thelhbh‘lmaxmaﬂuﬂiibig)rglwlnogatration" refers
anal

to Uik reNeaIGn St RO oF 88 agont iahis tekbireper SPgintiificp of ts
rec%ﬁéﬁmdk% i®h rﬁ@ﬁﬁ%k&%v& RRICHUST RRG ob fts VBREAPRMeR&dab inhibit a
biological process by 50%,such as the variant’s affinity to its receptor.

[0114] The term “therapeutically effective amount” as used refers to an
amount which, when administered to a living subject, achieves a desired effect on
the living subject. For example, an effective amount of the disintegrin or Rho
variant of the invention for administration to the living subject is an amount that
prevents and/or treats an integrin av3-mediated disease. The exact amount will
depend on the purpose of the treatment, and will be ascertainable by one skilled in
the art using known techniques. As is known in the art, adjustments for systemic

-19-



term nal ends of the peptide, so that there is no
term nal am no or carboxyl group, to decrease
WG msogsstbi ity to proteases or to restrict PCT/US2007/026125
conformation. C-term nal functional groups i ncI ude
am de, amde |ower alkyl, amde di (lo ralk

vemwl@pam@bs@hveﬁmgﬁqboddﬁmelsm epgraldiealth, gex o%t time of
adn?iﬁfs?rratlg a }’é?ré?ﬁcg}f ea‘??f fhfgé%q’f&flﬁ he@rég?’ﬁfﬁiﬁd Iy!b{eorrmecessary,

accepta I e term
and wmd)dﬁatdertmrxabmIwﬂfnfu%nnbcmgpemnmﬂaﬁmraby dndse skibed int the art.

a1l T fsmienenar antigopist {EisdBapifing faand of 2

rec@'ﬁ?f’ it u‘i’rf\l ﬁQYﬁé‘ﬂﬁ\'&tl@ﬁ JrAGeRE tdr%g‘fﬂééi@ﬁé the bﬁﬁﬁrﬁt?éf 4R agonist

I bit | ol ogl cal process % such™as th
to tlvare@erptto:s oafhich aljows agopist bi g;rbutpmnbaa}herabllltye@frthe agonist
¢ h tﬁéﬁeuuc IIy effective anount” as used refers to
O SGHVAJURICAR'CR, when administered to a living

suljp§¢s), ﬁféﬁteeﬁﬁ%uesféﬁﬁmrwemide@chteym @mopk?, aha@r a5p1
subj ect For exanple, an effective anmount of

receptor-blagiingractivitgh tefers caaredcadrctivity @h @t ipast éwe fold in blocking

T L

disifte3RRSEF ol BLarBB RS to aaRultte thé redlftiondn oallb;k@andtqmm1
of the treatnent, and will be ascertai nabl e

recetpr-biacking activityy theulsn §f RiTBAACStERNA vaast fOAénh'B't'QH&MPteQ”n
allﬂggq d{oPE5R1 %ﬂﬂ\dgﬁ%?@gtrﬁa{ql "orotein, fgqc‘ﬁhea %‘ﬁné@?‘?‘llé é@ﬁi\tpared to

ivery, age, genera
of thé h®soadf Risbri ni stration, dr ug interaction, and the

sever f the tion na e .nece , d wi.ll

e (64680 Hheriaim REDHMPELYARA SE0R, (DRI O Pl Rige?
mo&nhbét’mﬁ‘ﬂm‘tﬂ i 6réC|d [sgé %ﬁ&efﬂ%@sfmﬁﬁg‘thé ReDisequence of a

antagoni st” re ers inding I'igand of a receptor
contelspondmlgu wlld-typtehsequamel, such s dhe seqpence bgmiprisiigi RGD in

bi nd f th
RhGA SR T o RAEP 5 o/ R BT YRR : 4 aHEe sARELer
“SpRNDMIFSNSERIbMPT! bHaftARDBDLEteptor. [01 16] The term
"substantially reduced integrin allb b3 and/or a5bl

r ed8p18) -PietsumRRcrafersitpa thadestormis ariand iexing @ RGD motif
Va”ng hsﬁ&g_y[%llﬂ&sat | east five fold in blocking integrin

/ or abbl receptor conpared to wild type

r hqdos9P e BrPtHGEP” eifetgtocg Fhiddostdrdin exdant] faaviiga RGD motif
cal ggul at e tt}g reduction in allb b3 and/or a5bl

varigat e itRfPDARSCKi ng activity, the 1 C50 of a rhodost onin

var 9?@%} [@{ea{ef}H RRﬁ_'DCﬁL Féfef’snltogélj(\; nlr)rkﬁ rf’?’%@é@/ hCHvu‘Est RaGp
mottfwmwheﬂsARLIDLP%e I Cso of Rho. [ 01 17] The term "RGD

mt[qu¥ ]{M'Il'r‘;ien%ermIr g?rﬁhn[)so}yose{?eg \P y ng m%egrﬁ)n C(\S/bg gelatlve to allbpB3
and/or a5B1 receptors” refers to a variant’s binding selectivity toward integrin av33
over allbB3 and/or a5B1 receptors, which is expressed as a ratio of the ICsp of the
variant for inhibition of allbB3 and/or a5B1 receptors over that for inhibition of avB3
receptor.

[0122] The term “substantially reduced activity in prolongation of blood

bleeding time" refers to a reduced ability to inhibit blood clotting in a statistically
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nodi fication in the amno acid sequence that spans the
RGD sequence of a corresponding w |l d-type sequence,

WG 0wR/08854% he sequence conpri sing RGD i n Rhodospa@nius007/026125
Exanpl es of "RGD notif variants" include 48ARGDDP 53,

. DVP 53, 48PRI DVP 48 Al DDL 53. Th
sigpicamens asmeasye by Biesting Hi%njwée%" in the
spelgmclaf,o,x{arl ant 48PRLDWVP 53. [01 19] The term" PG

refers to a rhodostom n variant having a RG notif
var{0423] JBrREDeH Eylqted:RID” eiersttoravpe@yiad pretectot BD
.rhodostom n variant having a RGD notif variant
pro ';&RLDDL 53. [0121] The term"inhibitory selectivity
f Of[OHZA]GQThé‘te%Hb@alblﬁfﬂnﬁf-RD? drHSAIRD Drefértods hah albumin-
receptors” refers to a variant's binding selectivity
conjugaied predusgyof RRpEAedver allb b3 and/or a5bl

receptors, whi chmﬁ dl' IR be the 1 C50

of the variant f nd/ or ab5bl

r eqemzs]TSr 9/ pregem inviepitiohné rélatedoo d]élneed?ﬁh Vs that are
0122] The term "substantjially reduced activi t¥@ lated
-relate

selqmtyecqv@ét Intﬁgrtn amfpgenisks- e@!ﬁ'fhtsgﬂﬂ yariaptst ech 2%
com dpcﬁQMI Y |PPH%|8' FJSE dﬁ%e?@ﬁtlé’tlo‘?nt v | '?’Bgytahseo inhibit

I'Sst'i ca nmanner as neasur ed
ost@bcﬂa@tl resontbmigaaemrjtyr ameovadesomybiaduced trimease |n osteoclast

formgian [Bepmal SldisbalfladefioneR by BRENY the Girnat araynalsyman
prosﬁ%lté’HHB D&t d%fncg'? effCin E@rﬁf ng gnén | Eﬁrﬂjced hylpercalcemla was

bum nconj ugat ed product .
alsar EEed:tmEr\mo@kle{i by RD-reteded pesteirts. i Pagetis disease (@lsakadwn as

osteiie SGTATER B FPLAE bBNEi e GeT HIE) AV Sricreaiilh ingnlarged and
def(gilﬁf\é&béﬁég dG@WBW@@ﬂaPBFéHHd'oWH ahd Ririnaiphastdored tissues.

ferentiation in vitro. They also inhibit osteoclast

Bisphespheinatesabave begn approxed fos thetreatmenicelPagrirscdisease

s BEbRAER A FiBI4RR s b Y 8RG8 on e

SImhéﬁm%bhéﬁuGﬁﬁéf a&tldrs R desivgtivadrd handaro b dffeetive for treatment
per cal cem a was al so effectivel y bl ocked b

of ﬂme beng disopdense Andntravenraussinigciionf R o m%@m vefy large

dose at 30 mg/kg did not affect the survival of mice (n=3). In addition, long term

administration of PGP (1.V., 0.5 mg/kg/day) for 6 weeks did not affect serum level of
creatinine, GOT, and GPT, suggesting lack of side effects on kidney and liver.
Therefore, RD and its derivatives are potential drug candidates for treatment of
osteoporosis, bone tumor, malignancy-induced hypercalcemia, Paget’s disease,
rheumatic arthritis, osteoarthritis and angiogenesis-related eye diseases.

[0126] Many kinds of snake venom contain proteins that comprise an RGD
domain. These RGD domain-containing proteins are called disintegrins. A
modification in the sequence spanning the RGD domain resulted in a very unique
polypeptide variant with a reduced binding affinity to other kinds of integrins but an
increased selectivity to avB3 integrin. The disintegrin variants including

rhodostomin variants prove to be potential therapeutic candidates for, among
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osteitis deformans) is a chronic bone disorder that

typically results in enlarged and deforned bones due
W 2008/0885¢R11 ar br eakdown and fornmati on of bone PCHES®E7/026125

Bi sphosphonat es have been approved for the treatnent

of Paget's disease. QOstegarthritis is also related to
otheneeoei%@p@&%s i fHRPEETHRn Qgtura@i grawth in B9aeqag amé)genese-

r ni aTalm}

relalod Ll O TR Bl Hisifbar Yl Hd i sdstomin variants
havitiggaREDamoiregian witk rab Usast minecarnimo amd RDbetituRGP naay be

valgvaic{l%t%piis@?%f eiieleing 2sj6etve buldoticl oHays ilsdin.

'i‘?ﬁ]t r@hé %@g??t é:f%e(u'wéﬁt'on%% ﬂ&&ﬁ@ﬁﬁ’@é’ that ‘%s@nteg rin avB3

not ect serum | evel creati ni ne
rece;utdr-amagmmmmty]gnd aeduedd mtewnreﬂflbﬁﬁ @ndformﬁﬁ]hgecaptpr-

d t I
blogiing aciyf d e OkBrmt 1o 8 ik §pe chiaor or B Pal BRI #
encbbl@@fby AR ddIma gisiritaghis Adclevhes %@b@éﬁbé‘thd?@\%bdés a modified

di sease, rheumatic arthritis, osteoarthritis and

amnan@o@ s@quence, shick cesyfls Iau%@dy@epthe)mawpg Wptantialy reduced

intenafR3 ARG HERT Kb B BLRKER Aclf oy SR Adailidd iy be

peg@fﬁté@@r@bﬁﬁ@bww&ﬁ alburdpdi fication in the sequence
Spanni n e RG domain resulted in a very unig

po|[9a)%§1t i e digintegin aHeleokide sgauencs may ha@ d&flve% frpw gake
ven?ﬁh eﬁ\gé& | ﬁfge%‘;tlh'ﬁa%\?%ﬁ cﬁ’éfﬁt gﬁnk Wd&de, tsaerb‘?]‘a d?ﬂltteiﬂ to,

0 av I'sintegrin variants inc
albalabrio $ComiteNytreps aMdaMs)yapplagbe(AyMsimdc&i pllsbmamepiﬁcmorus);.

R T eI e SRR B AT
ane‘f’iﬁsﬁ as&ebehR' \5 EPNfius & ﬁ?&%@ %%&M@%&?&ﬁl n sl 8 @ﬁrastes

ostomn ari ants |nga ion Wt
cerastasy, cootatrarinn(€ratzls atroxl. idugssior( Gmga/m)ssdumamﬂmssuﬂ

elegqﬂq%ﬁ{o{o{b@ V2 SR %?aﬁsée qvo&&q ?‘E{ %?Fgﬁy?tfl%ﬂg{/%wg&s) flavostatin

(TriRRry 905 If@eomms) haslysiRt(Edyaiay %m/e@mptmmaﬁ@gemy@vus halys),
activity and reduced integrin allbb3 and/or a5

jararagie(Be @eyaraga@duaca&tetlraéB@tbm/@damaa kistrin-(Cpfleselasma.

rodh SblE3pRlesOF 2Bt A8 7RLg il RAD g dRdht tosus),
molﬁﬁﬁhf(mdtam NRIGSHLE rB6lsens): salhbsin Gﬁﬁydlw§blomla9ff
pol ypepti de havi ng substantially reduced integrin

brewee%ss)aﬁ@pxeiﬂma(sﬁqyd/eé 8{ys) - terasmininy (Sistruys %temﬁtéls
terg%%%ﬂ&oﬁﬂlrﬂgi%iﬂ ( /ﬂ%@gé‘b%%\/&'i//rﬂgg{ gg\t%cg% ?gtguyb%othrops

e drsintegrin nu
mua‘raqumdajs)vtfmlﬁtaem(s’rcabboﬂmmnnu&@smmm@tush udseristatin

(quy L?Sn L.Issounnensw ! Ultrlg%rzé]r%télﬂg lv;'lrﬁf S). but are not |imted

[0129] Another aspect of the invention is an isolated polypeptide that is a
variant of rhodostomin, in which the rhodostomin comprises an amino acid
sequence defined by SEQ ID NO: 1, and the variant comprises an RGD motif
variant.

[0130] In one embodiment of the invention, the RGD motif variant may

contain an amino acid sequence chosen from SEQ ID NOs: 30-42.
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al bolabrin (Cryptelytrops al bol abris), applagin
(Agki strodon pi scivorus piscivorus), basilicin

w@ aoensdsus basiliscus), batroxostatin (Bot hr opRCHUSZIR}/026125
bitistatin (Bitis arietans), cereberin (Crotalus

0 e TPHE ATGRE! 8destiat thRinybation 1 Ay SR Enarising the
amiﬁ@é&@%ééué’rl‘t’éé S§FYECHND NEPUD, wfﬁél@ﬂﬂfﬁér%aﬁ?pﬁr%{?&g@hbf 8RS three

el egans), flavoridin (Trineresurus flavoviridis),
of fouraarincaacid substitugons in pesitipas cerresperJingHaiaying acids 48, 50,

2 (ARG )| paytar (G ot us Talye)

ps jararaca), jarastatin (Bothrops

j aren3gp)Andthet bspedtGtlthe sRlention.is ngm@comprising amino
| achesi'n (Lachesis nuta nuta), lutosin (Crotal us

acichsebstitutions ehrsen fromohlesati nesitonod 8. ey, ey asd dis at position 50,

B 48 VAL B Bt o

NOc#@t enatus tergem nus), trimestatin (Trimeresurus
flavoviridis), trinmucrin (Protobathrops

mudP$33ureethey aspectalthe inventisnds aira!ieptide that is encoded

j [ oy4lisgs ussuri ensi s),
nuc\%@%ﬁ&@%ﬁg?ﬁg&g@ﬁﬁn@i@ I?ﬁ%] d%r?gt her aspect 01)‘
t hg01347e rﬁdrtr:]xaéﬁplenahd sbetiﬁgzm Iri:y peptherd@(;mbmiimemt af the
. variant odgstonmin, in ich the rhodostqonin . -
inveriias His BGIA MHT NN AR MayEaluhIe BLPARLONG S 3T Sygstitution
. ol i . :
at apestilfe colfestRINdAY OIN? bf RetX bt Wiy e RGDARoL s¢iorth by
SEQ4dDi N@t 268y heoatt laast eme amimo agid substititioncecatis aéa residue

SEQ | © 3Qp 421 f t.h .
CorERPBARIG oI eLa’ B SFCL T N Bt ISP RS S5 E 120, 3, His™ of SEQ
ID N©94BNAENBiof SEDID NO: 42 %r @y bf SEQ PNTHri ses,

one, two, three of four am no acid substitutions in

pod013%ndna@notheembpdigners of the investias, the RGH) nmetif variant may

corii i Tenet el aeong uREh M d0RF kefkahdifting to Pro”
andsMBeet | s aindFreehof thenwifd-8ypt RS hiotip 8ettfrthliey SEIG 1D NO:
and H s at position 50, As Met, and Asn, at position

29. sbhe ahlgaghiwo paiino i mstﬁétiq;ﬁsﬁnﬁv&e nresicyresyaspoRaing to
4. t $re, | ' i .
A'apoﬁ"g"gjé‘gﬁz e gﬁ IE)i @622’&8'258@1ugﬁded;@gﬁéloge%q%gégyghggén
f r o SHEQ 1hBtiNGsotHe-érfiboflidderd 4)f theinvextion) the RGMD motif variant

may amReis 144t HCCATINCgO SYPFTGRORS 51 USH GO RRnding o
Pro®CiMbtSURSE Préfi 8PGIy, Met® and Pro® of the wild-type RGD motif set
forth by SEQ ID NO: 29. The at least three amino acid substitutions may be
residues corresponding to Ala®®, Asp® and Val® of SEQ ID NO: 31, Ala*®, Asp
and Leu® of SEQ ID NO: 32, Ala*®, Asp®? and Met™ of SEQ ID NO: 34, Leu®,
Asp®? and Leu®® of SEQ ID NO: 37.

[0137] In still another embodiment of the invention, the RGD motif variant

may comprise at least four amino acid substitutions at residues corresponding to
Pro*, Gly>®, Met®? and Pro®® of the wild-type RGD motif set forth by SEQ ID NO:
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at a residue corresponding to Ay50 or Met52 of the
wld-type RG notif set forth by SEQ ID NO 29. The at
WO e@ssssme ani no aci d substitution occurs at aPCEBERIHOE026125
corresponding to Leu50 of SEQ ID NO 36-37, |ie50 of
SEQ ID NO 39, His50 of SEQ I D NO 40, Asn52 of SEQ |
29. Nhe at least qurmme_faoss%@lpﬁgmn%mawQﬂreﬁﬂuq%cqﬁ%ﬁ ing to
Ala®TPRGTRIL Ind NG IR EGIP NONGgRCED ot T variant may
conpri se at Teast two amno acid substitutions at
r e{0 838} Anothes pspeiitraf the ieodiBnas dni&olatzd polypeptiie that is

and ,Pro53.0f . the wi | d- tif set forth by SE
enchlen sy BN hevie ) maditddgiodesiiniacndrfeotids sgaishsacRosen
nNeSkLJuLSRC i i .
fro EEEQE(?%DN%Q b.s%lf%gf % 52" a éﬂ%e%@éﬁgfégg%%D%gg’go' or 100
fold[dcrease imaffinity to aHbBBandéeraifi hascoofpared to magdastanin. In one

th i f g [ . I h
emboifiment of e et e o e HI Bl srnidts, e TPRRL AT 7,200 fold
decfé£48in dRhiBLtAAbS aRd/ord5pH nbdyrinVed 88mpatedtefbdestomin. In

the wild-type motif set forth by SEQ 1D NO 29

y .
another embodimanttdf the inveintion athecp@ypeptideuexhibiés ablgaskabout a 1000

or RRY AR FRSSE WAl s o 958% PO 8 rec o
rhod@stoMin 4B, arindrlembedieétofahe Fiv@ntionNBe Sdlypéptiddexhibits at
Asp52 and Leu53 of SEQ ID NO 37. [01 37] .In stil]

least o £, BRLHO.MIA0, O ol dacreare in AEINtyo phtefet as
corﬁ;@e{gé?% rABNoSIOMR. IR Stifttaroffs erhBYdintiAtL P tRE fvention, the

uttons at residues corresponding to

polgeﬂgebdmsﬁ% aisdkgaggallpaeddoed}m'dtidity yrpproReiyatinn 6f lleod clotting
. fort y SEQ ID NO.,29. The, at |east four amno acid
tima 35 SOMAAESAR MRGOSSEMInor WildYRS SIABEHR ng to Al ads,

kﬁgtéﬂ?ag]m’t@é:t?arﬁﬂﬁ?#?ﬁ%ﬁt%ff thRveRtiORis §%hglfsg>ti%ﬂa&ally acceptable

er aspect o e Invention 1S an is
conmsjtieptomprisingta pslypaptidie df the inventiornand mgpharmatielitically
rho%?st om n nucl eoti de sequence chosen from SEQ I D
accrpiable Gakier. The pol ypeptide exhibits at | east about a

5, Jé@40}0we’lt%otfﬁ@ﬂ Assag R AsSinvenabh i tivethed dfluginipa disintegrin
and/or "‘aSbl as conpared to rhodostomn. In one . .
varignblsditreatment andier preeentiosrof amaevipdintpain-agsoertadisgase in a

t | t . 0Q: ' i ni .
ma gl SRR b afOore LS LR Berbh Bl bhffstlid o e
mamfid! e heedRehicde atthefagdutichly efféttive. armbanpol apiiolatdd

exhi bits at | east about a 1000 or 2000-fol d decrease

polyrepsidiei Ar @ phasmaceuticalrancsptaiie saltiherger.n The RAbRsAtigg therein
v SIS e R0 NSL BT S Rhnfl regycpa pean
allbR3, aridi6r, intédrih abB 1 286Eptdpbibctigy actvity ias cdnmpariedytotaowild-type
disiretle%tri(rell, gE\d ?ﬁereby results in treatment and/or prevention of the av3 integrin-
associated disease in the mammal. The polypeptide is encoded by a modified
disintegrin nucleotide sequence that encodes a modified disintegrin amino acid
sequence, which results in a polypeptide having substantially reduced integrin
allbB3 and/or integrin a5B1 receptor-blocking activity. The polypeptide employed in

the method may be pegylated or conjugated with albumin.
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conpared to rhodostomn. In still another enbodi nent
of the invention, the polypeptide exhibits a

wGeipsnssses al |y reduced activity in prol ongati oPCD1S2007/026125
bl ood clotting time as conpared to rhodostom n or

hdBIMERS sRsriel ahod. e inteByn RLEles s iencs may be
derﬁ/e Rsth tal Q{hkwmfdnsl é}sh Fhag:%é/ BRpSfifoRf rHo'ﬂ%stdiﬁiﬂ]nhIUé'lbbnn

a pharmaceut i cal table carrier. [0140] Yet
apmgmhmsﬂamnp,ebatr&)fostatm |bntwéa1tm w@erelerin, rerastin, erotatoniy, durissin,

eleggritn, 19 ridin, fhvoaun Hawdis AV EauR o, frgRlatiA]iddlrin,
lache¥ih Udidath, IndIBESA, sé]%éiﬂ?@%tlhﬁlctbgg@ﬁlrﬁﬁﬁtnﬁie%mtﬁf trimucrin,

adm'nistering to the mammal in need thereof
tnmtﬂﬂ%p@&utlﬁatlnya@d vigglin.ve anount of an isol ated

g¥£§ i 'I%ﬁj@ @BQharrﬂgo%ﬁ%:ugv | ltiﬁggﬁf e&tggﬂ(ﬁin%@@fs the step of

adnﬁlﬁk‘s@éﬁﬁg’ tcﬁl'hfe&ﬁﬁmrﬁél iBGidedi thereufé ﬁm@b@éémlcaﬂi/ effectvbigedunt of
integrin allb b3 and/or integrin a5Sb

an iseleéed polypeptide. ey apharmagewically ﬁsae@t@b{%sat thereof, jppwhich the
pol)girey @%t gﬁrﬁ}ge%qﬂgteﬁ\ﬁ/{r)@bé’m géﬂhéﬁcé Br SERR] . Afl{%he variant

grrnassocrate dlsease I n

contgrise¥edMRIGD hiwtif vatigpept i de is encoded by a nodified
i sintegrin nucleotjde sequence that encodes
modP14ad Ia.agxqwgtho@mqﬂ of dhel inventieRcihe Wethad includes the

ste;S Sﬁ%ﬁﬁmét‘élnﬁg Rg é ﬁrgérhﬁiﬁl WHéé‘@tﬁ&géf é'ﬂﬁér%lpleﬁtléélW’@f?éEtlve

ntegrin a or Integrin a
ammumteqjtanr isblatedk palypeptide,idna piaemacdutivafly adeeptapleosaltithereof, in

which i el pertds 4 vaReBrotmbadasiann RIS fgmip acid

seqﬂHﬁE@GbﬁH@d Ezcﬁ@QQQ ®Y 108nd ehe VEHaht (%m?né?ébag REBMHBAif variant
osen from r hodost om n, abrin

haVHmoaragﬂnno logisi $ewencebzttqsemcfmratsm lB. N0§t 3042,
CeIGREAL M Sf Rpindh b SaiR] rrﬁ i3k the ThEHSY ihBrudes the

step af aaﬁﬁmsterm?rt@fﬁﬁ@tnémrﬂau fit héed tHe’l@Bﬁé ltlﬁbrabéhﬁéalry effective
nol ossi n nosin, saxatilin, tergemn

ameyntaf andselated polypeptide, ara nhara@@ceuk@uy agﬁgmﬂhle saitithereof, in

b Ay o bRBE TIRHLIESY sBhybhce A i s o

NOs®es7T8b. i n need thereof a therapeut| cal y effectlve
ampunt _of an isol ated pol

phdPHRlepicng epb g@mté}ﬁ){gg o Iet”tlpﬁeé SoyPepkidginaf the fnyention is
usepgbmsgﬁggnagf&?ﬁf breSentids of8h %B@S%%gﬁﬁ%%t?{j d”¥edse, which

vari ant conprises
includes,dntt is hotlitaited to ammedumroslsbbdneréumoobr taecer growth and
sympr%gr%gtrle%téd tthheere{{)E tarﬁ%?loder}l%spsds ﬁategetumor growth and metastasis,
tumor metastasis in bone, malignancy-induced hypercalcemia, angiogenesis-
related eye diseases, Paget's disease, rheumatic arthritis, and osteoarthritis.
[0146] In another embodiment of the invention, a polypeptide of the
invention is used for treatment and/or prevention of an angiogenesis-related eye

disease, which includes, but is not limited to, age-related macular degeneration,
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step of administering to the mammal in need thereof a
therapeutically effective anbunt of an isol ated

w@eiopoessus de, or a pharnmaceutical ly accept abl ePGHIUS2007/026125
thereof, in whi ch the pol ypeptide is a variant of

) rhodostom n co the am no acid seguence, defjn
dialhgfogeRnopais caMmeahaeores TG d &S’@ﬁ??s gh %efR@j’WIHFPg

e I e Sse 1
t hgO 4Ye i sitl, artdtimerrmnbodmnentloicﬂlee; mvlee\tlene@ porlypeptlde of the
ni ster,i,n

invgiBngs eserdar IS eaanaer braenlosor oatdcporagisy The
ostd df@@l@tl‘s @%soéiéte% Wﬁﬁ%’@é’(ﬂébgﬁ?@él ¥nakioARNBBER fioth post-

ereof, in which the pol ypeptide conprises an am no
mempansaéqstmgen dleﬁsnency,rmosE@ry osteoporasis, gbeumataigjarthiitis,

ova B EAd A b L BBl b RBp L BBl peases

ost@dbl@éttfsrmaﬁmraﬁu NS hsts et Gt tiasEsivityt lmmﬁemmowéietae
but is not limted tO osteopor03|s one tunor or

osteepasresisgreiudas ot |gy@p{|@ﬁ§d te) an @uamq;@pmydnduced osteoporosis or

ast asi s,
bor B[ fes SABTRIT i IoHeR Sl HERORHNF4IS B B0 FE:20
hyqe148y ceén@otaégameﬁm fivehtion ¢y a rdetﬁed&ﬁsusmg the a
Paget's di sease, rheumatic arthrijtis

disiptegeparariant fcprstreqtmfmPﬂﬂfPfeﬁf@Vﬁ@fOﬂaﬁ%@W%ﬁg'Cé+ chapges in a
s g PV B LT BosnetSp
oste’ocmrdssea'rsma meltharhinchudescedminiistering torttie mamimatintged thereof a

e-r.el I de d b t at hy, ..
theeHHSA I EURANE ATPYD ATh I<CIAIe DOREDNE P52 PRATBaRbutically

accBBRMAS Sl ﬂﬁéréPF‘ QuHich hag FPﬁlteBYn dVE@r}e%Bfaraantéé%lst activity and

reti nopat hy of 'prematurit I'n" still anot
substantidilyreeducsfd mmrlmalébm and/cm q&wmepptcmbl@crkm@ ectlwty as

i nvention | r _treatnent _.and/ or..prevent.ion
comyR e 3 At iR disiibai oo & st PEEdiidhe Aharor
prevaititel StheadvafieBetinhy-my sﬁdl@?kﬁpﬁiammﬂﬁé&ﬁémmal The
estrogen deficiency, secondary osteoporosis,

polypieptinetis iencaded bytd modifies distrtegnn neslgetide sapueaeethat encodes

L e

reda@€dd Mitégrin GUbBB endrsrea5 B hreceptardslocking activity.ulihe dlsbutegrm
is not limted to, an ovarlecton%/ i nduced ost eopor 0s

nuclgotiggriequessenay pesierived Jiin Sa3nake Wi oand may bR f Ssen
frorh %?% oé[rﬂgxélﬁétoﬁgﬁ,t QBEIBg:h X Iﬁépl%gm g;aﬁgi'réﬁla'rgé‘fr?&pé%‘?lnl Bitidtatin,
ceréberirt, werastan dtatatroxiey datissin, efegahtis fidvagidia | flavbatagias halysin,
hal;llsrt]at?n, jararacin, jarastatin, kistrin, lachesin, lutosin, molossin, salmosin,
saxatilin, tergeminin, trimestatin, trimucrin, trimutase, ussuristatin, and viridin.
[0149] The polypeptide variant used for treatment and/prevention of an
ovariectomy-induced or post-menopausal physiological change in the mammal may
contain an RGD motif variant that comprises an amino acid sequence chosen from

SEQ ID NOs: 30-42.

-26 -



manmal i ncludi ng a human i nduced by ovariectony or

post - menopausal osteoporosis. The nethod incl udes
w@cekwsnssstering to the mammal in need thereof aPCT/US2007/026125

therapeut| cally effective anmount of an isol ated

Praboshl ' GrinenemboBiedtt e iidbstbos i Setind ukhides
ad nﬁ’iﬁg;‘té(t'lﬁg’ tPfie maRvhanhi r@é&th@?é%fcae@iekéﬁeﬁﬂfdaﬂy %‘fﬁe@tn@amou nt of

/or abbl receptor-blocking activity as conpared
an |aolated1pogypeptldeJ on 2 gharmaeceuticaly aebgptabiaisalt t’fgareaf ln whlch the

pPosier iR el PofinaiiES A i AeitheueHEE chEpET YRGBT b nos:
57- §@CI9|dé?€btﬁé(r é‘m’ﬂSBéIrﬁéﬁldtrﬂé 5b|‘§}béﬁfdé‘vé‘ﬂ@ﬁt€l§‘ﬁe@9la‘§@cﬂ B B6Rjugated
hat encodes a nodi f am no acid sequence resul ti ng

Wlth albumid. pol ypepti de haV| ng substantially reduced

actf 351D Vatahdlfef Aot o i BEERAE a2nBBRbYS wsjnaytpe =

d|3|ﬁt%fglrhaﬁbrfarn@ forainBibitich AsdYBRprevemtiohof kemeh esk gréwibnindome and
of rhodostom n, al bol abrin, applagin, basilicin,

sympdemsxetated ﬂmerem i amammal ingludiag arhursapadihenmethod includes
adn? ﬁ%{t/%@rigg@ {he rﬂﬂ mat i %eg yng%df'?a thfe'r&%lftlcg'll? effective amount of

Sln In, jarara

an iselated pblypepﬁdétdsn mphhﬂnhe@htn:ally ut:oeptablermdalbﬂmreof which has
sal mosin, saxatilin, tergemnin, trinesta

integFin YR iecepiorAntagenista thn&ﬁqbst%m@"v.rﬁaa?w integrin allbB3
andbcgérf'%jIr Rl P?‘Z‘J UIB?HQH%UV b@%ﬁiﬁ%@ggft@% Mcf—‘NdE?&%mtegnn and

ovarilecto uced
therebytreseltiog an srlibitibp sinol/erghresentivraobmaor dzdilegrmwmm boag and

SymP TSI BIAER QoeTel eiher P Bl 15 RESPBRITE B Sk ke
motﬂﬂ@d ANGRR rHuc‘lgothéesédi}éfH&b'tﬁEt er‘i&tﬂe@eé Hﬂﬁlﬁé@b#ﬁ% acid

adm nisterfing to the manmal in need thereof a
sequaecapedtthemuWeeﬂl’tem 53id m#maﬁtld@fhammg substaptially reduced

oly [ ph aI I ccept abl e salt
'”tGBHBF@@@% '?f"%?éﬁ {ﬂ‘geprp%f%)é% Y1 ant conprises an
am[OOSZF'"Fh@Q%Hﬂé?% ﬁh@%@ﬂdé%@&h@ﬁ& h2y\6& defive® from B snake
anot her enbodi nmen t he pol ypeptide varjant is

vengeyAngk eay de @mﬁ%rga@@dh@ppﬁtomlauﬂbﬁlabrmlaemua%tbasmcm
batl%%%t%?hr Bﬁlgfagfn Qb rdftrinl %Eé?%ﬁ'noEr%é%&lﬁeﬁnﬁéjsdr?felgaé%

grirn varia on an

flavorigineflavestat, Halysin, helyktatinpjararacin, farastating k&ymvtlaotsesm
related thereto 1n a magmal 1 ncl uding a human.
lutogite, RICsTIRI SRIBW Sy maAiiRterpHHn, TRt tr'mua%&"mutase

usshh&%ﬁﬂf ﬁd(/ gfiqpeutically effective amount of an
[ at e ypepti de, or a pharnmaceutically acceptable

sal[®1 53le r'léhﬁ paﬂdmi@cdiaasjmpwe@r rietated b3 tumor cell growth in bone
mclptﬁ tlﬁ{ﬁreggtpa%?éoséla Cécltl\\//}t)t/,yanalr}\%resauskés tgionr%eI "riéslo\épﬁo dL{)one lesion,
hypercalcemia, a body weight loss, and any combinations thereof. The tumor cell
growth in bone includes bone cancer cells and metastasized cancer cells
originating from prostate cancer, breast cancer, lung cancer, renal cancer, ovarian
cancer, pancreatic cancer, or myeloma cancer.

[0154] In one embodiment of the invention, the method includes

administering to the mammal in need thereof a therapeutically effective amount of
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and/ or a5bl receptor-blocking activity as conpared to
a wld-type disintegrin, and thereby resulting in
wo pdvslosdseon and/ or prevention of tunor cell grpow/oSion7/026125
bone and synptons related thereto in the mammal . The
ptjde i.s encoded bg a nodified disinte

an lﬁea¥§<§ppweega €eQfc PPAHY %&@Qx agcapigble sait ﬁmrﬁef ipwhich the
pol)ﬁfe\cﬁﬂﬁﬁqg aa\Féq'latrﬁ%"f ds?é Whl&?f%d%%:l Epédrﬁgnses the amino

ng substanti all yre |ntegr|na
acmhsequermseqi)efmedobpSEQlﬂ)awl 1/; and tHeOdari?t ciihmprlses an RGD motif

h eotl e _sequence nmay be der.ived f ﬁ
varight i She B Maftaatiar B HOSERSe PO AMIscRe SaAHENSS cRosen
frorﬁlggtbqgw@s gpabagi n, basilicin, batroxostatin,

bitistatin, cereberin, cerastin, crotatroxin, '
dur[D$85)n, Inear@glaen ¢mbodinamir0fdha lnvrelrmostr@t methathingides the
acin rast at i,.n strln

et AL Rerb36 T8 S B4 et §h 4Bl A fctve

ambuintBfdndisoiited gbim@bh@e orrd ﬁhbﬁﬁécem&%ﬂly iagt@ptable Qﬂdthereof in
viridin. [0l 5 at hol ogi cal synptons related t

whighy the p@kypepgrﬂ@womnrﬁescaﬁbamm aeid sgauenee ehgsen from SEQ 1D

Nog %‘f—%ﬁeiﬁ% r?%w ;ﬂé@é aﬁai@r[?]lt )28%@%9 Fbed g?&&gﬂgé@% with albumin.

anyoteelbi Yettaruiket asentiof tHh Ve tion |838|nhetgbd\»fbhmaiklng a
bone i ncl udes bone cancer cells and netastasi z

polypeRtide ofdhe énvantignnthe Mgthedb remPESING:tee SieReRS ?Qﬂ%%t(a)
tran%?cﬂ'ﬁﬁﬁ% é : rtr:’c%g gn%ggﬁﬁ{ a Pbmcléiﬁﬂ%eéncoﬁYr?g{ %5118 5;i;ﬁl\/'ﬁér'{ftrde to obtain

ancre oma cancer
oneemfandrerﬂ'ran ariie traasfonmant;i (b seblctmgatttmmbfonmamtdmmg one or

¢ f
SR ioe gam o Said (A oBeELIRBSaed intp g karigformant; (c)
groWﬁJ tFPI%RFérgﬁo énﬁn%}é\flﬂﬁf fhédiGAH id/arﬂﬁﬁ@%eﬂ!tﬁcﬂ)lﬁﬁﬁdn thereof; (d)

e po ypeptl e Is a’variant
harvé&im\gsiramformamt cwﬂhsc (e)rgroding the arvestedi tsansfonna@tmail@ ina

corBE e T o BB SR SR PR ey 5 A s

powpgpt'ggrrprl se an am no acid sequence chosen from SEQ I D
NGs: 30-42. [01 55] In another enbodi nent of the
i ‘[@h®7lonl he aterementianed stapite) ray furthes comprise the step of

oo BT 13008 B TP, 1 S 118 provession i e

trari@fdrmmﬂfcedg IrPbné ephitsodineeat theatély (glanap fatther aﬂhprlse the step
thereof, in which the poly tide conprlses an am
of pgEioFMiNgya 6AkENR ﬁamaﬁog@mﬁ% phiaigceat plysRPligie In @ further

om GRS R Rl TR RER T Al Eoby B8 6 o
perfonming a ¢iPLLG ta otridih dloe parifiedkisolgted polypeptide.

[0158] These and other aspects of the present invention are more
specifically described below.

[0159] Human recombinant RANKL and M-CSF were purchased from R&D
Systems (Minneapolis, MN). The C-terminal telopeptides of type-I collagen ELISA
kit was obtained from Cross Laps (Herlev, Denmark). All other chemicals were

obtained from Sigma.
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pol ypepti de of the invention, the nethod conprising

the steps as follows: (a) transform ng a host cel
\Nawmmmaﬁmblynucleotlde encodi ng sai d pol ypept i PET/US2007/026125

obtain one or nore than one transformant; (b)

sel ecting a transformant one or nore than one

copy of said DNA construgmgggx—gd into the
:T;‘nSfébﬁEﬂhcﬂWoﬂD ISBnkBRIndg REIqUStBRin' dhdVariahts ©
har0&60] r@md@aﬁerﬁm wastclorgd and exprepsedi mghe mwector pGEX-2KS

[20 arv St e 3’2\ f@ﬁgﬁ %rgr)o%ﬁrbg FZ@' i %ﬁglgjh\:g)g):sﬁg?z HPBS prgferentlally
use@hh @l@h/é?ﬂa‘ét@@ YRREDNIA wei@ém%?ff ed B? thé 96Wﬁ¢é‘ﬂa's@|tﬂh‘ém reaction

step (e) may further conprise the ste

(PGRYWith e senaeherimer 6uﬁé\Ar?€6¢GMHGGAE€éTE%TCA CATCAT

oA E R e PEATE T 15 R PR T eF LBl ) thikhad Eco

R1 Eé nﬁforp@id SixMRiStliAe ¢OSIHIBS fdﬂf@ﬁiﬂt&!@gﬁﬂhﬁlcbﬂoﬁbfl'ﬂhleﬂantlsense
0 eptide. In a further enbodi nent
priragrs M@@mm@@@T@@&T@@WW@@A@@%@A&Q@ oF 5-
{
co g R RO ey L3 S0 1 N1 4
withp§86 tinecognitioh iadd ATEA(orel BAEstopicodbhy Td@I@CIROpnbd uct was

below. [01 59] Human reco nan KL and M CSF we
punaaeiaawgs%enﬂnealﬁqqu@ L ECitL RIArSas JbBHias Ok F Year fecombination

vec@éﬁﬁ@f&& TR # ﬁ%%ﬁt aswgﬁyeéﬁ e%’éd @ﬁgn kr_ﬁpaAPHSa strain,

al ned oss aps

andcxto”n@meslvm“recsela:twba agdrgplated vitrolowssaltra BEXAV By ptohe, 0.5%
Constructi on of Encodi n% Rhodostomi n and Vari ants

yea[sbq@@ctm@a/oﬂaﬁh h-S% ager ghell GRkaed Zosesehantipietie Zeocin.

R L i R

polyrhérase dhaii ardctionRPC RINfsing ainasweriabpiryy dgdrueleotide strategy

pol ynmerase chain reaction (PCR) with the s_lense

WItfspﬂwmmém@lﬁmréwdﬁeﬁmﬂon sites. “The nutleotide

ﬁ'f?ﬁ?ﬁ% I
squﬁ@ g@%ﬁ%ﬁ&{% Yon an'sb gl’)‘%o At @598 Varldrts are listed
in Tabks tluD-HBA fusion pteteingag eonsiraetedarsing’ bmkmtpreeemges The

CD@ ogﬁ{.lmlasn sSeruWurcﬁTqa—from Inc\ﬁ'ergen an _hg structural
riseey M@Hﬁﬁ%%ﬁgrﬁﬁgsgé v&d?\hé’ G%Gsés ﬁﬁ@r

ID 4 W|th Sac recogni ti CA (or T
amleowld:selquenc‘érm@mhmuoms@dmmmdues at the N-termmus
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purified and then ligated into the Eco Rl and Sac ||
sites of the yeast reconbination vector, pPlCZaA. The

WO eomkssmant pl asm d was used to transform a DMSHUS2007/026125
strain, and colonies were selected on agar plates with
low salt LB (1% tryptone, _0.5% yeast extract, 0.5%
NaCl , 1 5% agar at pH 7. O)Meﬁi’Srrg/m anti bi otic

=2 n4n41
LCU

and ffl ed b;SPﬂgeﬂgpynerase chain reaction (P

UDI Ul 1T varl d.lll.b WCT © Dylll IIUDI L I Q ID NO-

RLD{%! ng agbr%\ée” apGWG@GM&@NQWGP\CﬂﬁG@GﬁN{GGQY W T [BEQ ID NO:
Eco and Sac I| restriction

[grl nmers cont ai ni n%
RLOsZt es. AHiseRR| b p&-“é:% ARSI TTGREABLS pri ner SEQID NO:
RHmbLged f0$en°slént hesmmcuomfxcmemmcenm@re (SEQ ID NO:

listed Iin T 1. rotein
RHR-gnst r u%'it%ni%l n@TQTQQ%T%TGQJWp@g GGT@IQT'E@NA of (SEQ ID NO:

RIDDUMEN S al bummmmshme@prdmwxet«mgen<s@mb NO:
the structural gene_of bumin was fused at N-term nus

RID& Rho Ayisenst t hGJCmT@Tﬁ%WWﬁﬁ%TECEequeﬁF@ ID NO:

P48§@Jﬂ10I Wi tdprglex hi S’fG%Wﬂ?G@"ﬁ&@A@*GﬁG}@C (SEQ ID NO:
N-term nus. TABLE 1 Priner Sequence SE ID NO RLD- 1

P488chse AUiFerTAARETEEEACRISIMBCSARTCHAW 5) RLDISEQ ID NO:
ARG°f§1t2' S eNGRiselSEECAGPEASTETTEEEATTETACRE | D NO 6)NgEQ ID NO:

RHD- 1 Sense AGAATCCCAAGACACGACAT GAC
RGRYNP:T2 BRNSGense CHAPAGATEA @éﬁ@ﬁ@&@ﬁ%@ﬁ(SEQ (SZEQ D NO:

RG@#@D 28) Blt@eﬂse‘sené%ﬁ@%@@éé TEREATETHE\GAC (ggécb b No:
2 Antisense GTCTGGCATGTCGATTCTTGGGATT

RGQ@EQ | E§3€m®e 10) PABRAGGERAE CAGRAGACSAFASR GGT GASE!D NO:
RGHSER | DA\dSendel) B#&%C%BMGGGW&@TCACCTCHG (SEQ ID NO:

CATGTCACCTCTAGCGATTCTACA ?é’ g ?G)B
RGD@Frker%@S@TCAccﬁMﬁéﬁﬁ Q/S@QC QQ@ATLQ) (SEQID NO:

RGISPI- IantBss CACRMETEMGYEFEAROCSYLACCRERT '\gSEQ ID NO:
RGD @e RGDNP St | sense CTGTCGTCTGGGTTGTC‘ACCTCTTG

flo SenseRGDDPCAASARGT @M@&&ﬁ@@@@é@&@ﬁﬁm@i? ID NO:
RG[§[§_EQ | DARNSendd) o‘&ffctﬁ&@é?ceTCACCTCTTG (SEQ ID NO:

CITG (SE
RG@%Msb @ﬂ@m&@@@%@@@&&@%@ﬁ’@ é@éﬁ%fﬁﬁ Gl8§SEQ ID NO:

RG[EWQ’ %MEh@nSGA%WﬂW@F@ (Sgédzib NO:
RGDDL- 1 Sense CAAGAGGT

GACGACCTAGACGACAGAT
RGQ@EQ | [§;eN@e 20) RAABAGE FRACGARGTAGACGACAGATG  (SEQ ID NO:
RGOV LT CIAH el ACTERTEASTFLETETAGERCGROM@CcPdITG  (SEQID NO:

a-factor TATTGCCAGCATTGCTGC (SEQ ID NO:
5-A0X1 Sense GACTGGTTCCAATTGACAAGC (SEQ ID NO:
3-AOX1 Antisense  GCAAATGGCATTCTGACATCC (SEQ ID NO:
RLDDL-1 Sense CAAGACTTGACGACCTAGAC (SEQ ID NO:
RLDD-2 Antisense GTCGTCAAGTCTTGGGATTC (SEQ ID NO:
RGDDL-1  Sense CAAGACTTGACGACCTAGAC (SEQ ID NO:
ARLDD-2 Antisense  GTCGTCAAGTCTTGCGATTC (SEQ ID NO:

5)

6)

7)

8)

9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
74)
75)
76)
77)

[0162] Note: Primer a-factor was used as a sequencing primer; 5-A0OX1 &

3'-AOX1 primers were used for checking for the presence of the inserted DNA.

[0163] The polymerase chain reactions were carried out at 95° C for 1 min,

55° C for 1 min, then 72° C for 1 min for 25 cycles. A mixture of primers was also

-30-



RGDDM 1 Sense CAAGAGGTGACGACATGGACGACAGATG (SEQ I D NG
22) RCDDM 2 Anti sense CATCTGTCGTCCATGICGTCACCTCTTG

W@ SEQOSMNO. 23) RGDV-1 Sense PCT/US2007/026125
CAAGAGGTGACGACGTAGACGACAGATG (SEQ ID NO 24) RGDDV-2

o5t 03 o4 e TSRO s34 BEP B ehRgatated on
%?31? f@g&% iz ﬁ%dn@d@@talﬁﬂg 3Thé\@§§|red PCR

COCATT CTGACATOC. (SEQ |
pro&ucBiwelre Janifie dENERRENTGEBSATIT ABAE CO EFEI@ndDSNOI gitys of the yeast

a1 OISR AR A RESERIERTRA  SS 3dp tRpsfim an

Esc%@h@?faszL ﬁ%ﬂf@s@iﬁ@?@“@éﬂ%@%@é@@oﬁ%r' phafdsl cohfaining

[0162] Note: Priner factor was used as a sequencin
antlprotneZQOCEon ADEE. asater.Atahluqowlameg, wereepioked) Flasmid DNA isolated,

and B oL RER aob NG By eavensing fen 8oy 7Ral Sl e

seqﬁeﬁ@é 1B NOS. used forfsghthlesitifg DN eddoding Rhodostdmfrpand various

25 cycles. A mxture of priners was al soused for
Vafl@@tﬁeratl ng nultiple nmutation sites. The PCR products

wer e separated on 2% agar l.s and vi sualized by
et hi di um brom de staini ng%ﬂési red PCR products

Wrﬂemlfdr splﬁthe%mhg DNAS epebddiflgiRHcddstemircandRvadods $adants

sites the yeast transfer vector pbPlCZa A The

S@\Mrlmn plAsfisenses used Rbodostemin Magiant
Escheri chi a coFI,{ Hf%rl bl ue strain and col oni es sel ected
on agar pl ates d ai ning antibiotic Zeocin. The E.

SEQ/|IDMNG: 8! Uue SeQIm RD:wEer e pl W,“pk@wdﬁw_
I sol ated, and the sequence confirmegd b sa%lé?nm ng the
SEQEPINOTA6! e SEQ I8 BQsrTidrer &’éﬂﬁ@tncé GPRES. used for

SRANONGT 242 30 EPREE ), o OEGRI ARGV R s ™
SEQIDING: RyodsEQNDINENG var i vuﬁamaﬁ“AaGBDBé%se Pri ner

Ant Rhodost V. t P 3 SE
ST B NG i o SBEABHNE! Mo | Walignt TERGRDLE No. 15

SR IAKOAAREERIDNS: 3 NO VBfaiERaRRBEV RS Vari ant
SEQIDNO:22 SEQIDNO:23  Variant “®PRGDDM®
SEQIDNO:5 SEQIDNO:6 Variant “®PRLDMP>
SEQIDNO:74 SEQIDNO:75  Variant “®PRLDDL®
SEQIDNO:76 SEQIDNO:77  Variant “ARLDDL*
SEQIDNO:9  SEQIDNO:10  Variant “®PRIDMP®?

SEQID NO: 7 SEQ ID NO: 8 Variant “*PRHDMP>?
SEQIDNO: 14 SEQIDNO:15  Variant “*PRGDNP®
SEQIDNO: 18 SEQIDNO:19  Variant “PRGDGP>

EXAMPLE 2
Protein Expression and Purification of Rhodostomin and Variants
[0164] The protein expression of rhodostomin and its variants in Pichia was
performed according to the protocols of the Pichia EasyComp™ Kit with minor
modifications. Briefly, a total of 10 pg plasmids containing DNA encoding
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SEQID NO 70 SEQID NO 7 1 Variant 48ARGDDL53 SEQ I D
NO 20 SEQID NO 2 1 Variant 48PRGDDL53 SEQ ID NO 72
WERQs0E3sMO:. 73 Vari ant 48ARGDDMb3 SEQ I D NO  2RCTBES00 1026125

NG 23 Variant 48PRGDDVB3 SEQ ID NO 5 SEQ ID NO 6

rhog\jr%?:imgl o ‘51%5 gégawﬁ%sw%%%@%% (E)é E%(&;%E%%?F tovl?r{eiaan%te the

plaﬂ‘ﬁ@% %@% %Egu ?@3:@&3 g'aggg }n%dNﬁth g% !ﬁ%rﬁz@d constructs by a

heﬂ%ﬁaﬂmmﬁﬁﬁlm@m&h%m@dmwnir'fom/mwtwgen® The

RGDNP53 S NO 19 Var
trar R SO 1% SHROPC] 1ok By Gl GRgcover. PCR was
useB%'Jda‘Fﬁz‘é‘ Preni intkidat @adteAnhe\RtHeARh8 Jebbfd B&én integrated

protei n expression of rhodostomn and its variants in
intoRthe iRishiagenoené, cﬂntbdellscwerajiyﬁgdtbw lt)fﬁléaw ¢Bigeea)s ©@olonigs were

s LS AN 1 D8k Il 4 i, 24

|u<ﬁfs@06ha§2f°}e Qﬂ%ﬁi} A 100 ud/in$ Z¢aEiIna M Huie? dwrdrfesadltraﬁdmuple
ested wi th Sac | to i neari ze the Rl asm ds. Pichia

copm@f Rhxgengdrsartians waraselegted ta piskitha glanesleaving the highest
heat shock nethod, using a Pichia
Rh%ﬁ@%ﬁ‘%{pﬁﬁggﬂﬁt fromlinvitr ogen(r) The transfor mant
I n[eg65]t RecdmbinanbRhAME ito oasaritg werel prodaced ass*.olujws
was used to anal yze Pichia integrants to deter

Selec.eteti [Folamies g\@ﬁe arn iz Ehe YL Eredivm (v yeasiextiech b peptone,

0
and22 3ot oSl g AT Pt A0 AR BBougs ot were
collé&feMQ%BéerﬂNfdgmbn atih gropinoinet litdvof | minemal matishrittnegdiumn
/M~ Zeocin. A nunber of clones with multiple

(contgjiing 1634 @w@agbn@ogﬁgémedﬁ%h REMBORIIML sYlERte vy thaus »@mmo acids
t h

ond 1 =A00R| 8 hEobA A 5ein g Rk SIG 6E E5ECRL s to

mdtﬁ&; thlwmrlaﬁeémtaedloudbommsméﬁr&a sumematant was dGHected by

confEGR LAY AR Ro2 G8aIRSt & NSLBEHer ALS S EDRA, 8M urea and
O N 0L 17 A 386 ikl
chelatingtcxilurinngard @m%@wﬁbta gnadliejg@ﬁ 2083vMyinvidazoleo niihem
recc?r%t)lfn%tn? rr\{gc}ohs?gmmaénncri] s vanants were further purified by HPLC (reverse
phase C18 HPLC). The purified recombinant Rho had a purity of greater than 95%
as judged by tricine-SDS-PAGE.

[0166] Rho and its variants were subsequently subjected to electrospray
mass spectrometry analyses for checking the molecular weight. The amino acid

sequences of the RGD motifs of Rho and variants are shown in Table 3.
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and 4 10 5 %biotin). Atotal of 1% nethanol was added
once every 24 hours to induce Rho or variant

wezpsesssion for 2 days. The supernatant was coPCEUS®A7/026125
by centrifugation and dialyzed twice against 5 liter
buffer A (5 mM EDTA, 8M um& 10 mM Na- phosphat e
buffer, pH 7.7). The fina on was | oaded into a

SEgI ckercneratltng corunm and eruted Wt @[{ g{,gﬁbﬁm of

00 NRGDMERE AN Vdiiknts 2sérgdf nant rho omn-and its
IDN@riants were further purified by HPLC (reverse phase

3f gr eat erArgHaly- ©$o as judged by trici n@@&- PAGE. g
1664s Byass bse
Z[S?Sbj ec%(lf@n@l %9 0 pr n&vﬁagﬂﬁ%t r o?f'gsre’i/dlgngsl yses

Joor cﬁmwv? G|Eet\smAspmmP3 wei ght . Th¢®aRGDDRE d
seque&ces 0 RGD mot i f;s of Rho anggvarl ant&, are

Hhown Aa-fugi@yAspafse- \(@'SEQ Abbr evi at TARGREV bt i f
d \ 2 49Ar g- Gagp #OR G 5
9 48‘2:'0‘(')@%}%%9%%2&3‘3& ro 53 (ng d tgly'Qé’*Sbl§
czfstlso“%é\mégxmlg-ﬂpLAsppLeqéa Pro 53 48Aﬁmrmr5|3 33 1
48 3 48ARGDDV
Al g"ﬁ%ﬁ“@{ﬁw&ﬁ@gm\_@% 53 48ARGDDL 455"%530'\"53

5353 48PRGDDME Mo
BN a; ﬁ“g %KB@% DB e ARGODN R gPOM

363Pr ot Rnrg—ﬁ@QyL—e@sAspeMeﬂ\/Eto %83 48PRGDDM4?BRB®MP53(RD)(RLD)

Frarr o ROATGH-AERSRANCEP D TRsialead) = RIBRRMED oK ok

377 48@%% 'LleQJJAéﬁms‘bilQeLlr@U 53 48PRLBatRE©[ﬁ_93
48Al a; Ar g- Leu 3 48ARLDDL

43%?? 39 5
38gPr o N@Nrgée MSPF&@J 3 48PRI DVP ‘BARRPBL*A0

Forr o EALYIEARP AR’ o3 daproowe SAREMPURID)

48 Pr 0P g-ARGHIAASIMetPre’53 48PRGDGP “BRRAGNIP

41 48pro-Arg-Gly-Asp-Asn-Pro® ‘8PRGDNP>
42  “®Pro-Arg-Gly-Asp-Gly-Pro™ 8 PRGDGP>*(PGP)
***PRLDMP>>-5K refers to pegylated “*PRLDMP>".
EXAMPLE 3

Effects of RD and its Derivatives on Bleeding Time

[0167] Measurement of bleeding time was performed as follows: Mice were
anaesthetized with trichloroacetaldehyde (200 mg/kg), and bleeding time was
measured by a method described previously, with minor modifications [21]. Saline
or proteins were injected intravenously through the tail vein of the mouse (ICR,
male, with an average body weight of 23.5 + 1.8 g). A sharp cut of 0.5 mm from the
tail tip of the mouse was made 5 min after injection. The tail was then immediately
immersed in a saline-filled beaker, kept at 37 °C, and the bleeding time was
measured.

[0168] FIG. 1 shows the effects of RD and ARLDDL proteins on tail
bleeding time in mice. Tail bleeding time was measured 5 min after intravenous
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*48PRLDMP 53-5K refers to pegyl ated 48PRLDMP 53.

EXAMPLE 3 Effects of RD and its Derivatives on
wBk@ensssgs Ti ne [ 0167] Measurenment of bl eedi ng PCHES28%026125

performed as follows: Mce were anaestheti zed Wi th

sl 315915 B AR 58Tl G o

RD %;ﬁ?éc/kggdl\ﬁ' Wé\?é?fbils[lﬁjgctloﬁ@f IrRGdSStoRi @(@5%g/‘§95 Bxerted a

i ntravenously through the tail vein
pronourseed effiest imprelongingtthercletting digee lmmcaNengeverr, b@@ KD and

R 305 BTt i oL SofBIHhPHR: B Blebah Bfsibhey
affeb&fd“tﬁe”é]&ﬂingttﬁhé( in ﬁ’(’!@éé@%o e8ab IRGddstbrl R@@KI% are
kept at 37 t he bl eeding tine was neasured.

expresses] asihe mgaslmo&/s‘f M) ects of RD and ARLDDL
t t bl eed | bl eedi
Pl e was moasured 5 mn EXAMPLEN™ ce. Tall bleeding
i nt ravenousadmn ni spidteictadireaationcAs ARLDDL,
rhodostom n (O Tkg fTor each) of HSARD (5 rrg/ ) .
A 10769INaRsIS BIRPELS haisosampks FoBTAPAITTY GoRRIENS had not
rec@?g& ta?\ﬁ Aed EQFQ@&%\%J@@%% \}ﬁ%e %E%t%@ﬁgﬁ@‘ié%}ﬂum

cntra/blbl(a hfpalebyelgo?di whpleﬁlwemycémnfu@eu:htnrﬁoegg ifor 1@mip to obtain

Sl | t alrrte t he

platglsiish o ERDATH IR dgfﬁé%m@p 854 &iRBvas eollected.
t

BB Y AT R UL b e i S o

centrifagingyat2009xgy far@ Swaih.nidte PEEeplataletagountwe scaneasuredoon a
o s R S T o ot

and]‘ggb?oﬂel ll?t?o Wghp l?# reofn SE@d fH g%@ﬁﬁ%ema Tracer

601%@dr@?bﬁ@ter@t@?ﬁ‘tﬁﬂ'@nﬂhrd@@lﬂé@bﬁ%@ (\/Pﬁ’&énd@ﬁe ﬂgw%pﬁdte
fromthe remaini n‘gmbl ood by centrifuging at 200

(ADPYwers futther addedfpmeanitos the respomnse splat@@mggcegﬁiloa by light
trar%ﬁgg%ﬁbogy anal yzer and diluted to 250, 000
ts/m . A solution of 190 m of PRP and 10 m

of either Rho or PBS buf EXAMPLE 5 ncubated for 5 mn

in a Hema Tracer 601 agregometer at 37OC Ten

mcrollters of 2&ellAdh hibitiom Assay; ¢ (ADP) were

f ur r eg ftg%?%dﬁ?sﬂﬁ rHHlBﬁlOE'%%S’é% Wé?é %e‘?fforrﬁleaté‘é &&scribed
prewously [27]. Bneﬂy, wells of 96-well Immulon-2 microtiter plates (Costar,

Corning, USA) were coated with 100 ul of phosphate-buffered saline (PBS: 10 mM
phosphate buffer, 0.15M NaCl, pH 7.4) containing substrates at a concentration of

50-500 nM, and incubated overnight at 4 °C. The substrates and their coating
concentrations were fibrinogen (Fg) 200 pg/ml, vitronectin (Vn) 50 pg/ml, and
fibronectin (Fn) 25 pg/ml. Non-specific protein binding sites were blocked by
incubating each well with 200 pl of heat-denatured 1% bovine serum albumin (BSA,
Calbiochem) at room temperature (25° C) for 1.5 hr The heat-denatured BSA was
discarded and each well was washed twice with 200 pl of PBS.
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transm ssion. EXAMPLE 5 Cel |l Adhesion Inhibition Assay

[0170] Cell adhesion inhibition assays were perforned
w@2008088508 bed previously [27]. Briefly, wells PET/US2007/026125

96-wel |l Inmulon-2 mcrotiter plates (Costar, Corm ng,

ted with 100 hat e- buf f
sallDAéT] FaRmess ﬁﬁaemt@kﬁé}?é\ -Bessintips (o-aved)

ond g gaCh o R 844 R2r2manGMSPI, 190 by Slivecco's
Modifibd tHagle's Mediuth@MEdManedyne.oChiresesh aroster wyagy (CHO) cells

NI E T TIE ST AN R

proWd@Q B;gDF'\t' e ﬂ%riﬁ%@%é@érbmm&ﬂhb?gH@ﬁﬁh é@‘tlﬁroleukemla

00 m of heat-denatured 1% bovi ne serum al’bum n
KSQEE&US nare)pommenjed drom I ¢ amdarudiuredin the RIPMIch640, medium

conlisMahilaieb Ity GB 46 kbRl oA ATAR ptBtk were
detBéﬁ@d BY t@EQFnYza(tiGH@nd?Qééé irPthier Ayt 33 hG° 4KdHD-5 A IoS);eus/m|

allb b3) integrins were naintained

respactwdy rrRhofarwmwwtg wargiadded tedbe suiurashieells anshingpbated

o s 4 5L, e, BT, RS (T e e QR s o

the Wdheekiratbns &f @Y)Od%bdﬁP(MD'The\freaTéﬂ 2eRs (Vere iters added into the
Research Institute) uman eryt hrol eukemi a K562 cel |l s

coaled plate e@ldareedteﬁraimﬂﬂ@@%r@oe dor Lhedr.i hhe fircutatipn sedgion was

theE éﬁcgr%écgﬁ}\ﬁ d\ In gﬁirg%"egﬁéaei\é v@@;&eﬁﬁ{v%g‘ sﬁiﬂs tiR&with 200 pl

PBSr B@ﬁh@lcéﬂé were godntified byncrtybfal amysta:hm?g Briﬁfl@ ’fhwlwell was
x 105 cells/m, respectivel é Rho and its variant
S

fi xaﬂe«@ 4804 of 30¥hOrnalin dPe0 sunKIEsANY HRedIEMISTOtErs of 0.05%
cry%fgl gcﬁe(t\’% quer}édﬁba Yh&Sthe A1 8¥doh fenigé a?ﬁ%sf%‘?bgmnutes

rs at he concentrations
EashVvell heast washediwithl 2060 memfem;tiﬂenl wdtdaedowrrttmes hadarieded

pl.ate and reacted 1 ho

Colgafior Vas Gihe PURDYZ dmeff%vke Qerind 3isioniands aisonol

and619% aﬁ@f ‘[e aE:i\%ZWWéJI r@ﬁlw baWEE Qvé’ﬂ r‘e'éd?é?%O@‘ nad the
Bound S re quanti y crystal viol et

readingswerg. ccBreletfeldywutm tee mHMbewaﬁ atihexrng oglish Infgbitien was defined

0% f or mal | fo dd 5
as 4 BhERQTEr < 05 BB ARl AT isaled RemPLal QPso
(untreg@d@nﬁ@Lx aporoom tenperature for 20 minutes. Each
was washed with 200 ml of distilled water four

ti mes and dr| ed. Col ori zEXAMPLES® carried out by
Irz?‘rgl gltOl%/ I%f? cts of ?{D %%cl)trsl 6en§5tﬁl%lslgni I%E‘eér?n%"/&\?ﬂﬁ%ﬂ%s, and a5p1
[0172] The ICso of RD and its derivatives on integrin binding was obtained

by the cell adhesion assay as described in Example 5 above. Briefly, matrix
proteins such as fibronectin, vitronectin, or fibrinogen, were coated at a fixed
concentration on microtiter plates, as described in Example 5, and Rho and its
variants were added to the cells expressing integrin at different concentrations
ranging from 0.001~500 uM to obtain an ICso. The lower the 1Cso, the greater the

specificity or potency of the variant.
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and 0.1% acetic acid). The resulting absorbance was
read at 600 nmand the readings were correlated with

wo basngssier of adhering cells. Inhibition was BPef/Usm®d7/026125
as % i nhibition = 100 - [OD60oo (rhodostom n

10T BBl eABrianty B0 alh 4/ 7R Bl Tiald effects on

Rhc@@'b'id‘l@énbé?éclztﬂl‘hésmtﬁ@ bt fiﬁhﬁhlbﬂlﬂgﬁh@ame@ﬁﬁ AMBB or a5B1’s

Its derivatives on integrin
bmdhng do rH@e weadrin lpmtenmuay rediecastand ﬁlﬂweeleottmta/stgatyeaetegnn avp3

wa [RFease ot Ameat Phine s oG TRAGpHen oy pRis BhOYS BE resu

of |@9)afoed1rﬁbmanfdf>eed a@@.eﬁ@merw ROB a1y 18 geAvativss. pl at es,
described in Exanple 5, and Rho and its variants

vvere added to the cells e)Itﬁ@eE.lﬂﬂg integrin at

speciti CI ty or. potency of the var i ant 0173] The
modi fication of the RGD motif of Q66 (h uni que

RGPMpRkY#iaNtng t he integrin allb b3 or a5bl's binding
&SEQH RAGRLT T X dif] 3§/3|fgawas redyessl/ gd the sgbgelipn ty

e |Lntearin s increased aS a result of the

4F§enmo fﬁé%(zmgu be1cG&| ’ohf2 (Tat;l e 4:1 3100w, 7 [20)r esB56.80f 87 5(21)
r | I
AREHRER G0l Haa. St 28 Thl P oS agd Baanesihs 1554.5 (3)
48 ﬁ@ﬂ 53 é@).,, RGD f
Avar |%t I%% %5‘5,5?\86{07\/?&3%93 ! ag%/ Fg gg%H 7 74 4 )
BB (2@1821 £ 740440 (471. 3@ 163 () 5. 526.70% 2oo 3 (5)

oL AL 0 s i yr 5

48Aﬂ@@§lw531@1%2 (6'?)7 43. §17 62) (3) 4813+ 19.2/(5)4 (350 8 +81.0 (4)
48A 32) ‘1518.1 '740.4 §4 413 1

“*PRGOOM @@)3 15174&am (38 (23).01294, 30(5)23405723@;7843(4)

“wiEolr i (i bacie BTN s o

*48p1:a_Fgmp[9N5§@ (@54)081(1171(190 81 71(83B £51. 11( 93730 (%)
1784. 3 48PRLDMP 53 &3 ) 2219.8 996, 91

“F’BBD@L 181 (57 3 1117.6 #43.3% 110. 13) 3880 4)
“8ARLDDL>®(38) 59217.8+966.4 (3) 36.8+12.8(3) 23171.0+925.5 (3)
“PRIDMP*(39)  >5880 (2) 119.9+19.7(3) >5880 (3)
‘8pPRHDMP®®(40) 2109.0 +810.0(3) 131.6%35.3(3) >5880 (3)
“*PRGDNP>3(41)  185.0 £ 61.7 (4) 248+13.1(5) 357.0%80.6 (3)
PRGDGP>?(42) 2591.0+572.2(3) 204.1+87.0(3) 3462.0+ 1525.5 (4)

" “PRGDMP>* (29) refers to the RGD motif of Rho and comprises an amino acid
sequence set forth by SEQ ID NO: 29; “PRLDMP>? (36) refers to the RGD motif
variant of RD and comprises an amino acid sequence set forth by SEQ 1D NO: 36.

®The numbers represents the numbers of experiments.

[0174] The rhodostomin variants have a much lower affinity to allbB3

and/or a5B1 as compared to the Rho (Table 4). As shown in Table 4, for example,
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* 48PRLDMP 53-5K 2408.0 1090.0 (2) 114.8 51.1 (4)

>3730 (3) 48PRLDDL 53 (37) >5880 (3) 342.3 110.1(3)
WO-B®80s¥549 4SARLDDL 53 (38) 59217.8 966.4 (3)PGBUS2007/026125

12.8 (3) 23171 0 925.5 (3) 48PRIDWP 53 (39) >5880 (2)

the §65 &f RE)(1-65 PRIDME) 4 Bhisbene! (ipoimpibRba9q qaBi increased

mo%g%x@% d ?Q)fo%‘L spé'c?w%l;é% %ﬁp%g Qt@%t(cﬁ‘)th% Rho. Moreover,

the 38 520fOARILBPA. i6 iGHipition: of4nlé|§@‘i)m'llb([3295)nd abpi :mareaseﬂb more than

2008501q Gmpapd deion68 Fie. ThiaRonbragy Bl RECALT Bifpn

albliffh- Eiﬁ@ugsfédemadd éﬂbB@BlmS%m:ré%@H H$85- @ﬁdamm@ fold,

acl d seqlence set fort he nunbers
resp@qiwese @scanhpanedrtbdhat @ffthe@lm (hable D). ﬂ'(blevelfprqrtbe variants’

affipe 0 Al AP e e e o e @ bef kb pble 5).
As shown in Table 4, forgxsPLE.2he I1C50 of RD (i.e.,

PRLDMP)_in inhibition of Tntegrins allb b3 and a5b1
i ncr ea&dfeats of RD andite Detivativescon Osteeglastp

R L S RITY T T TR Y-

that diffeeagiate ﬂbhﬁb@rﬁ@mamﬁﬁh%orhaiopo@narpeébareotéw aCuliresiuf
Rho. The |1 C50 of yl ated RD and

osteQqiasti me@@rﬁpt@m@@ n@sgrrw%lpf M- Q§Fb62.€)or'Q@I) ard sRANKL (50 ng/ml)
for % P’Z o?cﬁ{}%d]tﬁ% f8rr{‘|18t€n ofsfa?ﬁﬁ.mértéféo&teﬁﬁ é@\}g?lflﬁ Zﬁuﬁlchuclel

whielh were tcheaadtenmdabye ltiee acqeisitiomeoflaaiuye pbdnotwla:mﬂeeredsuch as

TRAB T methad Skod Aoegsitbisnasiedianaibred femgfopoistic 8ols of
bon%rhng%{nﬁéﬁ&tlﬁ EfSRE Of WD 2AE IIFUEHELIVLIBAIHIEGESstogBhbYis were

' ers that differentiate from bone marrow
mvdﬂ@ﬁ&ﬂoasmllowqorecursorS Cul tures of osteocl ast

CSRIRKESL o malio et Sreni by Emos I 6-6-

wedl@blS DAY SnPAUSHARGABE Donktraffditdavity it a-MEMCRhIRNGas
characteri zed by the acquisition of mature phenotypic

supptemented with: B0 saMttfAPESrard 100k baabinactivated FCS, 2 mM-

glutgﬁ‘f %, r#ee}ﬁn%ﬁ%g(\ﬂlﬁﬁ'lz(rﬁligﬂé %We@ﬁrﬁggngzg@é g@%ﬁt HheFRon-Sdherent
cellﬁlehematdp&@tlml@w&o@ﬂé@@dm gsedns olstecmséstgﬂéad'saﬁs after
24 mrergquqq\gegqeﬁg?q,eq pbﬂ,{@;&gcr:erli)s/well (OS5 *ﬁ r|r(13 ZEEﬁgl?plates ?;1 the

presence of human recombinant soluble RANKL (50 ng/ml) and murine M-CSF (20

ng/ml). The culture medium was replaced every 3 days. Osteoclast formation was
confirmed by an assay of tartrate-resistant acid phosphatase (TRAP) on day-8. In
brief, adherent cells were fixed with 10% formaldehyde in phosphate-buffered
saline for 3 min. After treatment with ethanol/acetone (50:50 v/v) for 1 min, the cell
surface was air-dried and incubated for 10 min at room temperature in an acetate
buffer (0.1 M sodium acetate, pH 5.0) containing 0.01% naphthol AS-MX
phosphate (Sigma) and 0.03% fast red violet LB salt (Sigma) in the presence of 50
mM sodium tartrate. Osteoclast-like TRAP-positive cells in each well were scored
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week-old SD rats and flushing the bone marrow cavity

W th a- MEM whi ch was suppl enented with 20 nM HEPES and
wQaslgsses | nacti vated FCS, 2 mvpl ut am ne, peniRBCT/U51907/026125

(100 UmM) and streptonycin (100 ng/m ). The

adherent cel | rrato oletic cell re -
by aBGAER TamS T RAP TR S Fyffiuigidatl'ils gpntaining more
thaﬁlhre@q{dc“ﬁel\’\’ere seeded at 1*10 6 cells/well (0.5 m) in
plates in the presence of human reconbi nant

soI[Qb?é] F&l&ld_er(vaove@mﬁr)(edludntmbﬁe@éhwd([fgperqtmjlqmgpfmgteoclasts,

iR 5t t MAP RuSR SR EHE 5 s2lage 51 On e otver
hand2 AKGD@/N a8t PRGEMR iwkrehesd e |6TMB)tlr@ﬁnC@rmSavBB and
I'n bri ef, adherent cells were fixed with 10%

differentialien: pf astepplastioCiaie §)buf f ered saline for 3 min.
After treatnent with ethaﬁ_rﬁ‘gﬁone (50:50 v/v) for 1

mn, the cell surface was ed and i ncubated for

10 mi n dhahilsitiontsfPlitélet Atidregationc Cedit adtedidbar afd. 1 M
sodi um acet at e, pH 5. O) containi ng 0.01% papht hol
tepclastgganesigb Destyall

AS- MX phos A28 g2 andils V€Set LB
salt (Sigma) in the presence of 50 mM sodiumtartrate.
Gsteoctast=1TKke Iﬁ/—\l"-pUbl tive cel ( daClt Wwel T —WwWer e
scoredby counting the nunber of ‘HQZB itive and

mul t1nucl eat pratet! S CRRRB! NI NG GBRE tharhlttﬂa“:ieeOsteoclastogeneS|s
nucl ei. [0177] RD derivatives markedly inhibited the

d| fferentl aggoegaiforbst eocl asts, whi ch was correl at ed

o€ )
Rh?‘i']%SS’m'é‘r hand; ™~ AKGDWN d PRGEI\/B re |l es effectlveﬁa2

ARGDDINhi bi ting 45% egrin a4b3 and dpfyf erentygygon of 8.02
osteoclasts (Table 5). TABLE 5 Inhibition of Platelet
PGRggregation, @83 adhes2dn, and 489Qocl asta¥enesi s by5.76
RD and its Der tives PI ate avb3 allb b3
RDOst eocl ast ogeﬁie;?s aggr at| on R*ﬂ‘%%stoni 252(;% 13 257 %32
RIDL 5.52 ARCDDL 4485 4 1 5820 1518 85830PCGP 2&HRsp4 4000 5.82

500 5.76 RD 433 35 3043 2220 3.32 RID 448 120 >5850

PRGB&HO 5. 82 396 76 3017 1224 3.15
ARLDDL 10380 37 23171 59217 -
PRPDDL 3530 188 21381 13590
AKGDWN 138 96637 >119000 69 78400
PRGEMP 4908 >17850 >5950 >59500 68200
Pegylated;RD 398 115 >5880 2408 3.88
HSA-RD 438 45 >5880 2750 6.68

- EXAMPLE 8

Ovariectomy-Induced Osteoporosis
[0178] Female Sprague—-Dawley rats (3 months old, 270 ~ 290 g) or ICR

mice (4 weeks old, 22 ~ 28 g) were used for this study. Rats or mice were

ovariectomized (OVX) bilaterally under trichloroacetaldehyde anesthesia and

control rats were sham-operated (Sham) for comparison. The animals were all kept

-38-



PRGDDL 396 76 3017 1224 3.1 5 ARLDDL 10380 37 23171

59217 ~ PRPDDL 3530 188 2 1381 13590 AKGDWN 138 96637
WO-203083@ 69 78400 PRGEMP 4908 >17850 >5950 >5PG00S2007/026125

68200 Pegyl ated-RD 398 115 >5880 2408 3.88 HSA-RD 438

45 >5880 2750 6.68 EXAMPLE 8 Ovari ec - |
undespeaﬁe\?%p@n%qn%} theemnﬁ%apa geita 9%@@%12 hr light-

S

darRei8? Aifhel(re Wi b ding b dPafiy S EloetEi, & Louis
MO(W&QB%:Calmm'eﬂamM)eMd hbitural ITyweutnmﬂy weights of the rats were

trichlor acet al dehyde anesthesia and control rats were
recgrﬁiga )é‘ted (Sham) for conparison. The aninals were
al | keptunder control | edeggyMPLE@S at the room
tenperature (22 1 0C) aTmTtI:'Z_h_ Ilghtdark cycle

= 95% i
Kbmﬁ ﬁ*hﬁg'@%&k,o pRREE By §? m&%ﬂé’?%%ésﬁ%%d by
dec‘égﬁéﬂﬂldh FréWBldEafd )PéthWeﬁe EmBeae, de@écabfgbf@ﬁséue and the
MP) and Content (BMC) [0179] At the end of th e

Ien@th@\du weight of thestikja an f@nwmer@aaeasur@@ldfvma precision caliper (&

0 ATHARaS s B e S 8T BT BIRS e i wer

meéélﬁea I\Ahth’ia @mdl éﬁmg"y Xeap abeemtioatter (mEx KRe26; sNonand Fort
as descri bed by Weinrep et al

Atklpzem WﬂB}w/DTB‘h mcm\acaéapﬁeﬁéwth%.ﬁéﬁ%%w&se? wpallsuhiegts was
adog"@c{ %?E 'GRih- )ﬁgl%t aPS et fid apt ?@f-onégg@ﬁbrm%leﬁggs and

i nson The 'no
Bonneﬁsnmnalmnbys B@Slcsﬁlbmblasmwtb Momiamrebbm%ﬂase C-Dependent

ot it Rl e Slttss NP RSE e LA GRE8. o) oy comicn

of vﬁ{%ﬁ‘o@?ﬁ;ﬁé Méa‘ls‘sé‘aslgu@i&i ﬁo?ﬂh mgﬁw@a&ggtgfﬁnDWa lumbar

phanR9049r. mare theri 1 <y|een{223f231aﬂ‘hatwiawiedfbla)am%fe\mr were scanned
ul a rom dai | nts.of BVMD on a | unbar
and;@gh %’Ffa gg’n]ér’(’b‘?rg ULEE urnﬁjga n §orp§ %’ﬁe whol e tibia
and fermur were scanned éE)dAﬂWEiI'Id BI\/C wer e measur ed

by an absorptioneter.
Histomorphometry of Bone

[0180] Tibiae were fixed by 4% formaldehyde and then decalcified with

12% EDTA and dehydrated in an ascending series of ethanol solution and acetone,

and embedded in paraffin. Serial sections (5 mm) were cut longitudinally and
stained with Mayer's hematoxylin-eosin solution. Images of the growth plate and
proximal tibia were photographed using an Olympus microscope. The bone volume
was measured using an image analysis software (Image-pro plus 3.0) in the
secondary spongiosa, which was located under the primary spongiosa and
characterized by a network of larger trabeculae. To measure the number of
osteoclasts, the sections were stained with tartrate-resistant acid phosphatase
(TRAP).
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EXAMPLE 10 Hi stonorphonetrv of Bone [0180] Ti biae were
fixed by 4% formal dehyde and then decalcified wwth 12%
wEDInAosssas dehydrated in an ascendi ng series of PE€r/ns2w07/026125

solution and acetone, and enbedded in paraffin. Seri al

sections (5 nmm were cuanally and st ai ned
W th Mayer's hemat oxyl i ution. |Images of the
growt h plat e g3BehdtiHafliEal Thidy- ﬂoﬂﬁrﬁelﬁ’ﬂ'@ﬂééﬂohed

usi ng an A ypus Mt Ccroscope. T € VOl Ume was
med808¢td Mechaniaal propgdiesncf] t;mestnss@:fesmmre rheaagrediryvperforming

threbsiSinERStein8 el S e e SRR e RBEAITS System Inc.,

Min*mé rrgorbetn\m; KTRE ép@lh&ﬁ’rthé RO ST P@ﬁ polfts VP25 20 enillifeters and the
er of osteoclasts, the sections were stained with

deforamatrcm eate seisst arm/raioi d.qadé@@mamagen CUrvES) WeTeNppPLEto a

corfuMBE A BHER 517 5% BogBEAEPE 381t 18 Riciptspsiyment

TedPRbloyies . tN?IéGl%oﬁOWIg @@@b Bacticitl pararfeters werélmeasured from
testing system ( MIS- 858, System Inc., Mnneapolis,

the pRiptograehs pad usediindhe \gglcgiq;m(@f tbg,c,r@gs sactiongl moment of
mer‘lf]gagljrgée{:l%@ st%%ﬂoﬁglemgﬁfe% e Hecrlﬁa (Af’atsecé‘i‘aﬁat]eo‘m&r‘}he e assumption

Orat1on curves Were input to mput er
thalathélQ@&ﬂ-sb&tﬂ@%@@ll|§ﬂéalll}66lmdede[l24]on 4 10 Ni coI et

lc:]csltgiuﬁgz‘r l-;e hg]:glér(() LFS%SE(L %B?l%&ggﬂred fromthe
b gb‘i’@ﬁ]agﬁﬁe@‘? |s“t$1%%1dﬂ1 Pf‘&epélo‘%g's@&h&*ﬂ irPfhe f@diolateral

Ss-secti onal nonent Inertia Cross-secti onal
directiomnb isothei wieith bhtheasrosalseatian étithenanterapasterieudiradtion, and t is

thetag%t'agtﬁhgﬁ ros rtifajg%lcgn?%s XAEPf %l | téefr)%lglj rssg\% ed %éf’r]éd using
theWﬁS@é s@ftwféré Py ®rb Mﬁs@@f&“ﬂ?ﬁﬁio&%ﬁl\ﬂ@dﬁa'@yﬁ&ﬁeﬂcs Silver
nmediol ateral direction, b w dth of the cross

Springc MBh T?e T@“m etre@s;sxlwnatﬁ smes%and@iasmquuw ffaung’s
h
mof i AR talbllBES b o g S b R v o

| mage Pr(bE|FE|_ScB4|O for Wndows (Media Cybernetics,
Silver Spr| 'gl The maxi mal stress, ultimte
stress, Haxk$/@8hodul us (Young' s modul us) were

wheﬁ@lﬁ 4 Lﬂflﬁ%té@{rggs,té]% th8!did4h B8 B e &fet 6Past (Bqlikfto % b

as described above), F is the applied load (N), d is the displacement (mm), and L is

the span between the two support points of the bending fixture (mm). In addition,
the energies in the ultimate stress were measured by computing the respective
areas under the stress-strain curve.
EXAMPLE 12
Inhibition of OVX-induced bone loss by RD derivatives in mice

[0184] To examine the effects of RD derivatives on bone loss, osteoporosis
was induced in female mice by ovariectomy (OVX), as described in Example 8.
OVX mice showed a decrease in BMD and BMC of total body. Treatment with RD
derivatives (.M., 1.5 mg/kg/alternate day) or alendronate (p.o., 1.5 mg/kg/alternate
day) for 2 weeks inhibited the loss of BMD and BMC (Table 6). The blood
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E = F/d L3/48] where s is ultimate stress, c is the

di stance fromthe center of nmass (equal to ! b as
waele®snsdsesl above), F is the applied | oad (N), PCT/BES100E026125

di spl acenent (mm, and L is the span between the two

support poi nt of t endi n xture . .In )
congghiratiom o i éﬁ@ﬁ@aige%memﬁ% 9# q'@@e@(ﬁgr@éecme&steoclast'c

cctFPSA5 i TR B0 Rpcf SRS et Ydaniic
ova@dkﬁtonwmm:ebanerelaeesn logt ol akt ractivity (/"Eable |6)nitcaapq&med]hat

the effects of RD d |
sorge pERbLYm aiEes REFSE SELS M aEcHYE Ehas AsparmAt B

R IS n Wesle
A e Ao DAB) PrEEir Wk B Z RIS elso
mhlamed ¢he lostsiof BMDI andeMQ (Ba!nlg/ﬁog/Tmetserdfaa éndiegte tbat RD and its
Endronate {b@ lﬁg/ al t(irnate day) for 2
e'\)@ O oosctﬁ%P‘i’r8§§ G RSP e 6). The
bl oodconcentrati on of the TABEE® nal tel opeptide of
col l agen can reflect the ml_astl c act|V|ty As .

uLuLJ.'. o k€ u

act|V|ty (Tabl e 6). It appeared that sone Eerm_mal
derivatives were nmuch nore effective than aI %]gb@ Eof
In addition, treaBmDigim?) RD “BMMﬁq)l 5 once
per week for 2 weeks Pso i nhi bited the |os§<btt(1awbcham
and BMC (Table 6). These data indicate that RD n&r‘hts
derivatives may inhibit osteoporosis at |onger

(elugl.%gzy%p_ TABLCE _b | n_hl bi t! on _o’r OVX-1 nd_uced bone [ oss

its derivatives in mce Cterm nal
Shdthopepti de of BMD.@(98x01801BMC (®4920L(11 ) al c3E6x11.9
(ng/m) (Alternate day) Sham 0.0950.001 0.6490, 011
0g¥511. 9 OvX 0. 0750.05629. 01)25‘170 @617+69072. 1+ OBRHR1

0.0910. 001 O. 62700%%§ 89]O

OVX+RD 0.627+0.008§ 39148.3§
OVX+PGP 0.092+0.001§  0.621+0.006§ 372124.2§
OVX+ARGDDL 0.093+0.001§  0.624+0.007§ 389116.4§
OVX+RID 0.091£0.001§  0.622+0.004§ 3911128
OVX+Rhodostomin 0.090+£0.001§  0.619+0.006§ 397+13.6§
OVX+PRLDDL 0.091+0.002§  0.563+0.056§ 410£25.1§
OVX+Alendronate 0.086+0.002§  0.607+0.051§ 5041+19.6§
OVX+pegylated-RD 0.092+£0.002§  0.629+0.008§ 39849.2§
(Once/week)

OVX+RD 0.085+0.002§  0.582+0.009§ 533427.4§
OVX+pegylated-RD 0.087+£0.005§  0.595+0.009§ 538+19.8§

Values are means * SE.
*Compared with Sham-group, p<0.05
§Compared with OVX-group, p<0.05
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OVX+PGP 0. 0920. 001 0.621 0.006 37224.2 OVX+ARGDDL
0. 0930. 001 0.6240. 007 38916.4 OVX+RI D 0.0910. 001

W@ 2®28885@04 39112 OVX+Rhodost om n 0. 0900. 001 Or@I/882000@26125
39713. 6 OVX+PRLDDL 0.091 0. 002 0.5630.056 41025.1

OVX+Al endronate 0. 0860. 051 50419.6

OvX+pegyl at ed- RD 0. OQZOM&@. 008 3989. 2

( Once/ wepinibitoti-GPoVaf8efdomydndue8d b Idss3ByY PGO

OvX+pegyTat eo RD B JR4RBGerivat, Phte3819. 8 Val ues
Th a

are neans mpar ed Tamr group, p<0.05
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proté«zlgtlon dtoiny esane\ctoatys CN)XBIh]duE% domeR@ssim ratat iAde)t feale rats (3

chosen to exanine in otection fro

mowamﬂ)awpmwaﬁ&m@ﬁﬁ]v niSHPlgS A B VORAS Measured 6
|

weRTEHR g l oR, h lRoBs LAY FATULR P poti

inhibiteal betht ovariecdsmyrinéncegbese Yolunme detrease arithbastepnkast number

GP_protein inhibited both ovariectony-induced bone
'nQFGF%nE decrease and osteocl ast number increase. [0186]

As | Q’F@ﬁs]” Ad'shdwh it AIGCoAPasRPaleY td thesdiimpRrate8tats (Sham),

rats ovari ecto ( ) caused a significant
ovarlestonm)f (QYX) caused alsigniticard. loseakther trabeaisamiene. wilQwever,

vodBfent W o8, TV S0k 0k P TR R AR5 rcanty

mh@ftedl tht-e HVAREROMILINEAOS] I03sSFARS dabecale bdnesa seLOAddily
2B, tartrate-resistant acid phosphatase (TRAP)

SpO§9kﬂsﬁr ng showed that osteoclasts were predom nantly

nﬂ?#? 4 3n Gl %%Xumguc g%ﬁé:t‘éh%c*a spRBfhdd! R/ﬁgfstammg

the I ncr eas n ost eoc ast
shofvednthbt osteoblasBBvefd/Preduminahtiy Ictatived asoundtirectaalzecular bone,

and tha%/ P%BF; I%rl]ltlbltaetd t geO\elp(-mducég increase in osteoclast formation.

[0188] OVX rats also showed an increase in body weight at the end of the
experiment. Treatment with PGP (1.V., 0.3 mg/kg/day or .M., 1.5 mg/kg/alternate
day) significantly inhibited the OVX-induced increase in body weight.

[0189] Rats also showed a decrease in wet weight, BMD and BMC in both
femur and tibia 6 weeks after the ovariectomy (Table 7). Treatment with PGP
(either LV. or .M.) inhibited the reduction in wet weight, BMD and BMC of both tibia

and femur in OVX rats. Histomorphometry demonstrated that ovariectomy caused

the loss of trabecular bone in secondary spongiosa (FIG. 2). Treatment with PGP
markedly reversed the loss of bone volume (FIG. 2 and Table 7). In addition,
TRAP staining demonstrated that osteoclasts were predominantly localized around
the trabecular bone and OVX increased the osteoclast number. A long-term
administration of PGP antagonized the OVX-induced osteoclastic formation (FIG. 2
and Table 7). The serum level of the C-terminal telopeptide of collagen reflects
osteoclast activity. It was found that the value was markedly increased in the OVX-
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experinment. Treatnment with PGP (I.V., 0.3 ng/kg/day or
.M, 1.5 ng/kg/alternate day) significantly inhibited
W@ bes/@s8%48 nduced i ncrease in body weight. [ 018B(T/Bs1087/026125
al so showed a decrease in wet weight, BVD and BMC in
bot h ferrur and tibia 6 weeks after the ovariecto
groyg gempared Vﬂwa@ﬁemh%ham:@wewm&aa r%at%?ntuw'?ﬁ/?GP
' I
effdgﬂb%l? érﬁéi%éﬂg%é ?ﬁjéj@)“\/)? fhd cf‘r‘é%%%r?rg tog%m@r b omsﬁb@ Bfable 7).
dermnstrat ed that ovari ect’l’ﬂEa?used the | oss of

VoI uire \IEI%‘ Z and rapf e / ||| dumq X”PGF’WS OVX+PGP(|

st ai ni ng denor{ iy ﬁﬁbc?ha(t)V%(tn%‘Q‘?%

S were
predom nantly | ocalized around tram@w)ar bohp (anti2)
QX jncreased the gsteocl

Borgilangtltmat i on of PGP ant agoni zed t he O\/X i nduced
ost astic tdon (fl nd Thg ng¢
I evg{lﬂﬁéf t he %1 tgrergﬂal ngIQ()' éo?l deI' (ﬁa en@oﬁ-b.‘ﬂﬁ‘
r effFeralis ost e362&9t01act|8162¢0 02 was. GO&OrmZthatSBheO 02
val ue was markedly increased in the OvXgroup conpared
We&m"\ﬁ‘gh hEl9 of the Sham group, whereas treatnent with

ective oni inc I
| n gﬂ%éocl ast#%c?lmélayf;y (qulﬁéa% %ﬁgugegnhl b?f(?gns 78
of F2mur ect on946.0¢d0<] BBH@+A.68s by9@GB+FPOcﬁ§e| n9040+13.5§
Q/X+PGP(IV) OVX+PGP(I Sham(n=22) OVX (n=22)

BM&: G149 M) (n=12) Bone length, nm Tibia 4.040.01
4.040. 01 4.050.01 4.040.01 Fermur 3.620.01 3. 620@@314.0 002
3.600. 02 3.640.02 Wet weight, ng Tibia 755. 56.
647 TH8a5* 735098850002, 68.089E0AH5*90.8 0910, 0@%50@ 9*
904.910.2 904.013.5 BMD, g/cn2 0.1110.002 Ti bi 3% +0.002
0.1080. 002 0.0990. 015* 0.1090.002 0.1360.002 439" :

0. IRdAuP12 0.4284+0@32 00.13600@V3* 0.130+0.002§ §
BMC, g

0.316+0.009
Tibia 0.301£0.011 0.269+0.011* 0.286+0.010§ §
0.437+0.009
Femur 0.420+0.005 0.369+0.011* 0.422+0.013§ §
Bone volume, %  18.1%1.5 9.4+1.5* 14.3+1.5§ 16.8+1.8§

N.Oc¢c/BS (No/mm) 1.77+0.09 2.06£0.17*  1.83+0.10§ 1.811+0.09§
C-terminal
telopeptide of

23015.1 459+18.4* 259+22.8§ 221+156.1§
collagen (n=5 for

each)

ALP, alkaline phosphatase; N.Oc/BS, osteoclast number/mm bone surface.
Values are means * SE.

*Compared with Sham-group, p<0.05

§Compared with OVX-group OVX, p<0.05
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BMC g 0.3160. 009 Tibia 0.3010.011 0.2690. 011*

0. 2860. 010 0.4370.009 Fenur 0.4200.005 0.3690.011*
W@20088885@8.3 Bone vol une, % 18.11.5 9. 41.5* 14PGI/US2007/026125

16.81.8 N.Cc/BS (No/mm 1.770.09 2.060.17* 1.830.10

1.810.09 C-terminal telopeptide of 2305.1 45918. 4* .
254939¢] 2> {hreepQipt !P%cang (tgﬁ_tsyva%iaeré’%ﬂ?d ALé\eaﬁ}emri tRexamine

e BRESETASE L SE B o Cofi ARG AT eratod aroup.
maﬁhg{lrz)cgicg l{mggategoaﬂ, \Zoupg’_sedo%\illug a0dultimate stoeds decreased in
< . - t bending.test | d
ovRiiatsm et eaient with BEE ittled 2 erriRfucr Suaiiel i OYK-fiiced
i Wi ot O .
deckEe L BTLFE 1oLy TS EREAI S it oG ke prote
drug$ mayamarisediy srhibit thecbemrel Idss cavgeddiysovariestomynt wi t h

PGP exhibited a protectio inst the OVX-induced
decrease i n bone strength&@gﬁ&. These results

sugaRpéadd'i bidmethkRidil Qirsgenﬂésu By PGP prot&idctin/OVX rats
i NHTDIT_the bone 10SS caused Dy ovariect ony
I ncrease i n bi onmechiadvincal groperti es OV )EXEGPr ot@VX+PGP

OVX rats (tm) === Sham OVX (WR2PGP, OVX (n=22
(nzzlrzfl ?IS/)n)(n=13)(n%£1M (n=12) Maxi rra('vl)&%%{,h)N Jimy (n=12)

13— 1o 1A 355123 949 120 8F O IhT '
Maxifal Iad. N70" 43 132738, 11243455 & %%-?g%mﬁ'ﬁ%@u%‘?’%
UltiGRae 201G, 18 185. 855837194 703448.199. 9810£N28gy 88.2+2.5§

ultimte
Young's modulus, GPa 203.7+3.6 185.5£3.3* 194.0£3.0§ 199.916.2§

Energy to ultimate
stress, mJ/mm?® 5.9+0.4 3.540.3* 4.9+0.8§ 5.1+0.9§

Values are means * SE.
*Compared with Sham-group, p<0.05
§Compared with OVX-group OVX, p<0.05

EXAMPLE 14
Post-treatment of RD protein inhibited OVX-induced osteoclast activation

[0191] To examine the dynamic therapeutic effect of RD derivatives on

osteoclast activity in vivo, osteoporosis was induced in female rats by ovariectomy
and the C-terminal telopeptides of type-l collagen were measured from blood at
different intervals. Compared with sham-operated rats (Sham), ovariectomy (OVX)
caused a significant increase in the osteoclast activity. Measurement of the serum
level of the C-terminal telopeptide of COL(1)a1 chain showed an increase in the
osteoclast activity in OVX rats. The C-terminal telopeptide of type-I collagen
increased from a basal level of 361 £ 25.6 (n=15) to 708 £ 50.7 ng/ml (n=15) 28
days after the ovariectomy.

[0192] RD or alendronate was then post-treated one month after the
ovariectomy. The post-treatment with RD (I.M., 1.5 mg/kg/alternate day) or
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stress, mi/mB 5.90.4 3.50.3* 4.90.8 5.10.9 Val ues are

means SE. *Conpared with Sham group, p<0.05 Conpared
WORER/08FI8 gr oup OVX, p<0.05 EXAMPLE 14 Post -t r BEI/D82007/026125

of RD protein inhibited OvVX-induced osteocl ast

activation [0191] To exam ne the d c t herapeut.i

alerdrogate (-OR -%mq/wtait%r@t%ﬁauéfejé/@é%/%i{“eaevarm yrinduced
48 in SPASBSUCARAVEAL RIVGA ok 8030 il Blen lencronate
(FI®03). aQsteostast asteityurendveredratiértbe withdrawatotthe RD or
sl Sy e ng C RO S ket EUeepteg n e
_ oYt r | okt

oeREAREL ASbir ol ion e RO Gloup 408815 sfplion o
RD affecticely ashibited theovatiedomysinduce nargaseninaystepelast activity. The
vale it e siSpfast 76 3B5RSs K BP'ainesg Wetilgh dgwer than that
in rdéfonseQto thaHéndroRate feathfemtayriG ad) eThéddteredvts ikditat@that RD-
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rel protainsdiavertbenarautisceftagis omtibe booe-lessaaugad byovariectomy-

. al ternate day) oral endronate
'"dlﬁﬁ%ﬁ?e%'@sﬁ%g&%@eme day) reversed the

ovq01 3]t Ofker theusdndrirugasatinentpédod, ratd werd sacrificed, and
much nore effective than al endronate _&FI G

and RD was
BMB)andBMe of the tibiatand tepnyravereemeasdfade Astshowh théirbiRad:

n . .
posfleAErED) Rp BHERRIAD R o AT ¢Boh IR Re0Y digbomy. wi
regaitdetothepaesetvatieh ef thye bope tvolumeé,RDRIZAs meae extfegtive than

}—awever, re-application of RD effectively inhibited
aleRqrangifar i ect ony- i nduced increase in osteocl ast

activity. The value of theggteaecl ast in response to

the RD treatment was nuch™TOWET than that in response

t o t IRostrireatment of R:inhibits Q¥Xdndaredbenelossul rats

indicate that RDrelated proteins have therapeutic

oL

Uffcbto Ull1 CIre |9/ LA NT"'voo cau IlJy oOvarT uv \4;
ost eocl astic act?VaMi on. [01@5?( After th&Xecon apéﬁanate

BIde@hGR mMeEr 1 0d, Tars were sacrif| ced, and BNVD and
BMC ogﬁ?he tibia and femur were nmeasured. As shown in

'gabm't;iﬁ, pofs#l(M&@tOﬁant o4 .OBEO €13 ecti4/.©|1;z0106\éerset102h@05
' . W
or G | orS SO0 oncS SEEIRE RO DALEU0e of FHEBEAL5

wE\RBight, mg

1 UlTy T 11

Tibia 766.6+19.9 661+18.2* 749+20.1§ 712.1£10.1§

Femur 1002.6£17.4 861%10.7* 985.319.8§ 912.4+10.9§
BMD, g/cm?

Tibia 0.114+0.003 0.1011£0.002* 0.113+0.009§ 0.108+0.002§

Femur 0.137+£0.002 0.1211£0.002* 0.135+0.004§ 0.131+£0.003§
BMC, g

Tibia 0.315+£0.013 0.272+0.006* 0.299+0.011§ 0.289+0.009§

Femur 0.442+0.012 0.391+0.008* 0.441+0.018§ 0.401+0.017§
Bone volume, % 18.1+1.2 7.9+2.1* 16.3+£2.7§ 12.1£1.3§
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al endronate. TABLE 9 Post-treatnent of RD inhibits

OVX-induced bone loss in rats Sham O/X RD Al endronat e
w@ee/08ssmyt h, mm Ti bi a 4. 040. 03 4. 050. 03 4. 01 BCDBS2007/026125

4,.020.05 Fenmur 3.690.03 3.680.02 3.710.06 3.680.05 Wt

eMiGsdhe abBbvatpriotamaciabdensbi BiqG s frp Gofeyation of bone
min@t8®nldki @ 0. 1140.003 0.1 0 10.002* 0.1130.009
0. 1080. 002 Fermur 0.1370.002 0.1210.002* 0. 1350. 004

Val@ed 3600B@RsEVBD. g Ti bi a 0. 3150. 013 0. 2720. 006*

.. 0.299Q.011.0.2890. 009, Fexur 0.4420.012 0.3910. 008*
Comeﬁigwﬁ‘gsg%a@%?@oﬁ% vol ume, % 18.11.2 7.92.1*
§Cgﬁ1p%2e5mﬁ{%-@‘]/)(3§r@pi@vb(b?<@*§(§5 evi ati on of bone m neral

ensity; BMC is the abbreviation of bone m neral

RDggwt ijectiona(1ue/sgike/alteenate dep) " Conpared with
» (4P i th - ,
WoBBRRGEE REB: (T RaaBERRE oY) o, O, 07 S0P O

n=5foeedeRigpdégp P-o0. ( 1 .5 ng/kg/alternate day) n=5 for
each group EXAMPLE 15 Inhibition of chondrocyte damage

by RD in osteoarthritis animls ! 0194] An
osteoarthritis ani nal t ai ned by surgery

gB'thH?tiBReoffé drgRSEe daimae B %qglb'%’t?gﬁhﬁYitfsaéﬁimals

t r J0$24]t i Am ostedbapthritis animaldinadehwas obtainedpy siirgeny driig on the
righ? gagésr %f T%?% %g%qqg\g?@?ﬁ gangén gaigeerrggn\?/%a 2}1 ?ﬁufsé(r:uuc!igtre ligation

transaction and partial medial meniscectomy. After the surgery, RD protein was

administered via intramuscular route (1.5 mg/kg/alternate day) or local joint
injection (once/week) until the last day when the rats were sacrificed 6 weeks after
the surgery. Each joint was embedded in paraffin wax, sectioned and stained with
0.1% safranin-O and haematoxylin. As shown in FIG. 4B, the chondrocyte layer in
the right knee joint was damaged by arthritis and RD in either intramuscular
injection (FIG. 4D) or local application (FIG. 4C) inhibited the chondrocyte layer
destruction.
EXAMPLE 16
Inhibition of blood cytokine elevation by RD in osteoarthritis rat

[0195] Osteoarthritis rats were generated by surgery as described above.

Six weeks after surgery, serum was obtained to measure the blood level of
cytokines. As shown in FIGs. 5A-5C, the serum levels of cytokines, such as c-
reactive protein, IL-1B and IL-6, increased in osteoarthritic rats, and RD
administration markedly inhibited the osteoarthritis-induced elevation of cytokines.
EXAMPLE 17
Inhibition of blood cytokine elevation by RD in osteoarthritis mice
[0196] Osteoarthritis mice were generated by surgery as described above.
Six weeks after the surgery, the serum was obtained to measure the level of

cytokines. As shown in FIG. 6A-6C, the serum levels of cytokines, such as c-
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i njection (once/week) until the last day when the rats
were sacrificed 6 weeks after the surgery. Each joint

wor®sesdsesided i n paraffin wax, sectioned and sPEI/N807/026125
with 0.1 %safranin-0 and haematoxylln As shown in
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osteoart ti’s uce evatl on I nes
subt8tanepus- (Somuagecmmcnnwrdaﬂy for adotal ef 66 doses<{b daa{scm 2 days

oft B8 Fpekall 0T LR MEIST TR o cARHSh s h g erved and
rec@r@ea?e\ﬂar{( WetRedFing the SiRFiméntanpéiivdTeAftepeha@ndnth! e mice

racks) under a specific pathogen-free (SPF) condi t1on
werstsazzlﬂced:awértbe vesight ofithahing egsavas measoced.ciTherweight of the

conlrbl g Fer BuBlatttd reledihe i8RHEE «8pL Weight: i Fodhidy. biood

sanﬁ;hés Waﬁé conestew actfth@@hh dthie leﬁbénmﬁt forghté blddd sowit of red
m ce or nude nmice on respectlvel

bIOQﬂhy‘elis (BB@héNfaFﬁ higod Gﬁélr(MVBQhaam%lat&@ @fﬂfééprth?d"?wg@me"t of
o 2 R eI RP BEET BeRCTa0 Bt U EgS
conbehtrammcul ar (IM injection and alendronate ( 1 .5

o/ k%] %8]%]?1 o%der to ggtermlne bone osteolysis, radiographs were taken by a
soft X-ray generating unit (Young-kid Enterprise Co., Ltd., Taipei, Taiwan). Animals

were deeply anesthetized with trichloroacetaldehyde monohydrate, laid down in a
prone position on a Kodak Scientific Imaging film (13 x 18 cm), and X-ray exposure
was performed at 45 kV for 5 seconds. The degree of osteolysis was measured
using image analysis software (Image-pro plus 3.0).

EXAMPLE 19

Inhibition of tumor growth in bone and hypercalcemia

[0199] The tumor cell growth in bone is related to the bone resorption
activity. The effect of RD protein on the tumor growth of prostate cancer cells in
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subcut aneous (SC) injection, once daily for a total of

15 doses (5 days on, 2 days off for 3 weeks). The body
woweioghsssahd tunor growth condition were obser vROI/ESZH07/026125

recorded every week during the experlnental peri od.
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serum cal ci umconcentration. [0198] In order to

off igeBeweeks). dhecswelliagiof ingd Iegaovvaﬂgﬁdpw@t%t@rqflmbth%gdr@pr

growﬁbon éﬁgza%ie ré?%?%w%uglﬁm %g\%ﬁre tg gﬁ@t{;ﬁﬁ WVE‘ %x&*’nmental

peri@ﬂesltﬂéffésljﬂd indictedrthahRey gef. Gth%MﬁeG@anﬁro@he|nh|b|t|on in
laid down in a Brone position on Kodak Sci en

tumorggl-indyqednswel nglqblw;?gsaw@w-%w%ﬁpbéd e Wa%" 22) (FIG. 7).
Hovgg\(ér fHEegut?éutéﬁe&ys L8 Jﬁst?‘gt%)rpgisalemfor%?& %FS.%%\Q{I\(I%PQ not

SI'S WwasS neasure

mhbltMﬁ:mbﬂ%mvﬂa id1éYs (FEEGAIYI?LE 19 I nhi bi ti on of tunor
growth in

nd h | h |
o Shesiol G destaws b eaeial Hh oDRdeceserei Gapy weight in
res@?ﬁée"fo the tﬁrH\%r?r&ﬁm q‘?CﬁPnﬂEQt BhifeQ2dl dntid MREe ghSWe'a a

prostate carncer cells 1nbone was thus exam ne
decR&as® inddddy Weight @t e erd of thecexpgrimente cireatrmanbwithdRD

o BETRL Y S R o258 by o R, Senr v

useur’gg g@bg&,\,gr&og,iro]unor cells. RDat 1.5 ng/kg was given
intranuscular (1M route while al endronate was

y
gi \[@201a]t FIGs Snshiawes the inhibitien of tummeragrowtisendiagteelytiohone

oo 8555 S Bl S el e B Yoot

wereahkat By%dsdfﬁxtr%fwgkﬁ'ieréhﬁg UHITOIN BIGVOA, piotdgbaphs wéhetaken 33

bod I ght was neasured throuahout t he experi nment al
dayg e@me imeatibia injestiomeaf P&r3gelinatt vigible spheticay ygor grew up

rorf 45 ], A B VR0 1 SRl g e
tumbFgfawth) . InHIG: 8, radlbgrzmﬂsmkenmﬁay&dﬁirewsaleduhm‘osléolytic
esighs AonSaiadiodbe trnesPvaliresleatbia A pebast oHEB nniciec
ost&SIY &St FiG. 56 Mdvidhelqidmiaton Bf PRUAACFRNI9D Bhows that RD
inhibited a tumor-induced increase in C-terminal telopeptides of type-collagen (a
marker for the osteoclast activity) using an ELISA method. FIG. 9E demonstrates
that RD and alendronate (1.5 mg/kg/alternate day) also inhibited a tumor-induced
increase in the serum calcium concentration (i.e., hypercalcemia). ": p<0.05, as
compared with control. #: p<0.05, as compared with the PC-3-injected group.
[0202] Breast cancer has a strong predilection for metastasizing to bone.
FIG. 10 shows an inhibition of tumor growth by RD in nude mice. Human breast

cancer cells MDA-MB-231 (1x10°) were locally injected into the bone marrow
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response to the tunmor growh in SCID mce. Untreated
control mce showed a decrease in body weight at the

wepasonsssthe experinent. Treatnent with RD prevRet/es2opie26125
Ioss of body wei ght caused by the tunor growt h.

oo e SRR i B R RGER . fhahBBne A Hterea 10

dayQSéf%?'tB{é irﬁgi@ﬂwldrﬁéﬂ RfdheeiPfona &thPofM 4 8ays. nrr@bdﬂént wnh RD
det erm ne bone osteolysis, radiographs were taken by a

(IMsbbtmylkgiday)dae? aveeks mhlbutedlMDArmB 2N -inshiwedgnersigse in tumor

ol & 8 1S, A SRl Emor 2P S bR Binte T - Py

mcr@é@éWBhtebk:his@ach@ﬁ(FﬂGnﬂOﬂ)bhdmpékcalbémlal(ﬁG 1OC) but did not
bi t ed turmr@cgrowth

n‘g g/ al temate da 23&]
affegbthe alepdgioalptﬁsmé WG plaipley Had 10 OF). - p<0.05, as

I [

corrﬁ:?z#r?f] VVIJ eﬁe cgﬁit%g gggﬂsﬁggt(%e e?E%B? MDA-MB-231-injected
grogst eol ysis. FIG 9C shows the quantitation of the

data. FIG 9D shows that_RD inhihited a tunor-induced

increase in Ctermnnal tmg_ags of type-collagen

(a marker for the o o usi ng an ELI SA

met hod. FIG 9E deng%gtgfdotl?é{bu IEH tlé}nd al endronate (

1. 50203k A pegplated prathuct oabsmnjugationt with albumin can prolong the

t unor - i, nduced |t||}jlgre€%se in. thFeserum [

duration-and ,dgprqﬁe( An |g¢>r,15€}t)5 9 é’r?‘i’?j“ 8%}_99' I%Bnorggr tg minimize the
antlgeﬁ’eé‘i[yegnd‘?wloﬁgﬁﬁé Auration FRDGrotels, ;%g’m@@@mﬂptrbte‘imﬁvas

C-3-1'nj ec oup. [0202] Breast cancer has a strong
preparedi dastollpws: belD mem(ﬁmgz)ulngmmNbNa@Nmﬂﬁt pid Swesgeacted

witrch ol e o iooa e LR R GTe B- 145 6) e e

oxobagﬁiylamin@o@tﬁwﬁowé |drieegl @aes 080 ma gt 4 forAIQt M. The
tibia in nude m ce

pegstatied RN pratgingag pysified &Wr revesse %aaﬁ@ﬁy %RL& Therfnal yield of

pegifRied B brfal o SLhaufan disBRughah e T (1
I\/D:{OW]Z% sinelua Gl Tiably Sap@gylateﬁmrlnlglbﬂeﬂ hhe mffmeatlatlon of
10A) . . Furthernore, al so prevented th

osteasiEstsi MASKIloN Eaalmen RSO AIRDAbM v1 &y mgfiaconcelweek)

or £ ABegRI AR 5 ST, B0 88 (70 o, 8 it

peg¥Rfed-B¥) did notdebe S, activitg onpioed Wi th the control . #:
p<0. 05, as conpared w t%ﬁm& 231-injected
group. EXAMPLE 20 Pegyl protein [0203] A
ng?ﬂoﬁé eghgmmasmﬁ@mﬂdﬁaq&hwsawsm@ can

[0205] It has been reported that integrin avp3 is related to angiogenesis.

Whether RD protein can inhibit angiogenesis was thus investigated using
MATRIGEL™ plug angiogenesis assays as described previously with minor
modifications [32]. Briefly, an aliquot (500ul) of MATRIGEL™ (Becton Dickinson
Lab.) containing 200ng/ml VEGF was injected subcutaneously into the dorsal
region of 6—8 week-old C57BL/6 mice. The MATRIGEL™ formed a plug rapidly. RD
was administered intramuscularly (3 mg/kg) daily (RD/1d) or the other day (RD/2d
or HSA-RD) before sacrifice. After 8 days, plugs were taken and photographed
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duration and decrease the antigenecity of a protein
drug. In order to mnimze the antigenecity and
wWpe@BOSE§48 he duration of RD protein, pegyl atedP@DUS2007/026125
protein was prepared as follows: RD protein (4 ng) in
mM NaCNBH3 at pH 5 was reacted with 5 PECK
(FIGpﬂ - d)l@@\(p@ﬁﬂgsélv@@ aranifieddyy meagpring the hemoglobln of the plugs

as ??{f%ﬁﬂ t?yr{a Bg@?fpg&a fgﬂ'h?éﬁ%%tﬂr}ﬁeggﬁéggl@e% and Drabkin

rea\gaat hUBQBI(S@nha!) (Fe@en $B) pAa%oWl*BmHFIGQ 1'Mearﬁd maB RD protein
pe ated RD roteln af t er. fication was .
waspRaptNe ITIRRNERS Sngoaaness i MATHEERY HGuo BBsdls. « P <
ooswg@ﬁtggm%p Bhbb' ted the differentiation of
oc

oste asts n addi tion, treatment with pegyl ated-RD
(LM , 1.5 ng/kg, once/ VEKAMFPIOEZZ weeks 1 nhibited the
| oss of . B ] af. o i .
t hat f i e
Exgg@bq 2ré d%ﬁﬁt.ﬁﬁwﬁew&eﬁh@gam&s aeavmpsmbmsmﬁher

t has been reported that integrin avb3 is
receploas beSUesdemm, KD anditsatervptipe RGP werarused to analyze

theigaeiet spe Y BT Fes Diniroliios ST G TrolhP Raspayed by

MDIE’EIVPIﬂiianf?ﬁér|s}ér\)4‘d:ésl1 THi rTHmhrf)l cations [32]. Briefl y an
al i 8UOt (500m ) of MATRI GELi Qv%’ ect on D ckins

Lad! )ZOanAaushpwg indcang A0, B SR ficpeteaffect the binding activity

o GUSEH RN 5, RSB Ere 3940 Sy S e,

trartsformingapfowtt fdotoel ('II'GIFI‘-la)mBmmIr aekyosiSfauidk@NRiard/vascular

r th her RD 2 r A- RD
endofoplial BEaWABELT (Y BRib (P geSARhtErgReRtomg 1S indicates that
f

RO PO She *’e‘%gl e R S e Rt frBiivBa in
vivaf bl ood vessel formation with the Drabkin method and

Dr abki n reagent kit 525 (Sigm) (FIG 11B). As shown

in FIGs. 11A and 11B, RD protein was effective in

i nhi biting angi ogenesi s using MATRIGEL(tm) pl ug

assays. *: P < 0.05 versus control group. EXAMPLE 22

Radi ol i gand- Bi ndi nq Assay: Specificity of RD-rel ated

proteins [0206] To determ ne whether RD and its

derivative PGP bind to other receptors besides avb3

integrin, RD and its derivative PGP were used to

anal yze the target specificity toward receptors whose

| i gands are proteins (assayed by
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MDS Pharma services, Taipei, Taiwan). [0207] As shown

in Table 10, RD and PGP did not affect the binding
wW@ewswsssys of cal citonin, endothelin ETA, endotP&l/U82007/026125

ETB, insulin, leptin, sodium channel, transform ng

grow h factor- b (TG b), tunor necrosis factor (TNF)

and vascul ar endothelial growh factor (VEGF) to their

respective receptors. Thi ABLE 31t es that RD-rel at ed

pr ot ei ns : ' bR Lty towar d

t ar get pr%hmg\%g%é%?%ﬁ%@%@ Obaﬁgéembi ndi ng assay

of RD and PGP protein Target Inhibition RD PGP

Cal citonin 404 - RQ_ZEEannf heal | N ETA_2604 Q%—EQQQ&Q&EL n

ETB 10% - 798 angetl i n - 6% - 8% Lept i nlnybition Sodi um

VEGF -14% 19% TGF-b: transforniiiy growth faclor-b
growt h factor EXAMPLE 23 Inhibition of angiogenesis by
REndothelinGEe model of retinopi%y of prens%rity

[ @20, i mal nodel for retjappathy of prgmaturity
i%ﬁ%@%@f]@enerat ed by usi ng1 poxi c-i nd c’gd
angdudigenesi s as descri bed i n W@%i nson- Berigg,et al.
[28]. Briefly, seven-day-old pups and their pother
wdeBtiRoused in seal ed chanbers1dntaining 230 % o2 and
Al i [ hn the changer for five s
(t?&’é’é%ﬁé'ﬁ@i@@?% to P12) ngr{é wer e the%gz‘%used in
ra@gr-&ir for a further seven difs (hypoxi ¢10%duced
angi ogeni ¢ period, postnatal 1%(,/jays to poicwat al 19
(1] 0

VEGF -14% 19%

TGF-B: transforming growth factor-f3
TNF: tumor necrosis factor
VEGF: vascular endothelial growth factor

EXAMPLE 23

Inhibition of angiogenesis by RD in a mouse model of retinopathy of prematurity

[0208] An animal model for retinopathy of prematurity in mice was
generated by using hypoxic-induced angiogenesis as described in Wilkinson-Berka
et al. [28). Briefly, seven-day-old pups and their mother were housed in sealed
chambers containing 75 % O.and air. Mice remained in the chamber for five days
(hyperoxic period, P7 to P12) and were then housed in room air for a further seven
days (hypoxic-induced angiogenic period, postnatal 12 days to postnatal 19 days,
or P12 to P19). RD (2 ug) was administered via an intravitreous route on day-12
and the mice were sacrificed on day-19.

[0209] Three sections from one of the eyes of each animal were made,
deparaffinized, and stained with hematxylin and eosin. Blood vessel profiles (BVPs)

were counted in the inner retina, and included vessels adherent to the inner limiting
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or P12 to P19). RD (2 ng) was adm nistered via an
intravitreous route on day-12 and the mce were
W@ 208i0885¢22d on day-19. [0209] Three sections fPORUSNET/026125
of the eyes of each animal were made, deparaffinized,
and st a| ned with henmat x n and eosin. Bl oog vessel
mepERng-e & OUBIRG JWageR TR 6¥lﬁﬁ el & RhtARICTRREPPS Bigifa) atd
& %Jﬁi&pl | s adherent to the inner
ma#; it ngmne (?)gne Counting was perfornmed on a
phc[OErIrO}: rAs sbpwn(lheﬁIGa)l 2At RD pmdeinfinbibited mngioged@sis in a mouse

mo ﬁlgq]f(;égrh%gqtgym PLema hggy i;lé@g R?flgr g%ﬁﬁg}%{] hL o eg BVPs in a

mo§& Fdddl 8? }"et(n%g%}hy &1 SrerdABrig\®RBPy ﬁ‘@ﬁfé%%ﬁ\/'ﬁq) 'pPotéln

nouse no retl nopathy of prematurity
Angmgemmjs wasmmtpatedmmowtgngd@]ea@yesselamél@ar( MPs) dnfthe inner

rotid AR BRAR R4 R dBEE Rty i éosin-
stainB &R chisH& Ty ROP gf&uﬁﬁéatwwmﬁlﬂb sEp Rog)g@s R@PB- RO7 reduced

group treated with RD (2 rrg Rggmreduced
abaath 8606 atsa@@lpgangslgg?@nmrgd @ﬁ@gP&Pg@mee yitdwghicle

ROBSTHE s RO ofouis P2 101 S o] Baebilre Hegshped o

Med@r+9E O8: p< @@ﬁ@mmﬁaﬁe@ tolthe Sham graupl **:*g< 00010 a8&bmpared
as conpared to the ROP group. MPLE 24 I nhibition

to the RIBGredR-omv- i nduced osteoporosis by
al bum n- conj ugat ed RD [ (2t PJ@94effect of
al bum n-conjugated RD o iIs was examned in
Inmmhioﬁcbbﬁilzﬂdcfmlmduced osteoporasisiby albumin-conjugated RD

ZL?{BE} 2} g‘? e ggqedcﬁl?ggé'@'acgmugg?%ﬁgg qy%,%tqo,popcpsg waggxamined
in o?%ﬂ %%El %J@?erﬂéfeam . ﬁ@rﬁé‘f\ssér‘]ﬁpélpgrrﬁﬁ %@njd@}a@ed: RE5 (i. e. RD-

or conpari son Serum | eve the“c-term nal
albyrapt)ivezs adminigtered ae||m¢gateddnda|aDWalshnwrplno%I@wt1ééeand 13B.

The etz L was nerppra ?géfB@L 81 TARE et RO ighR: Serum

Ievé’l@"o‘?tﬁé é—Qeﬁﬁﬁ%Ubéﬁnd@/éf |wb%en aﬁdsdnme phddpFatase (ALP)
C and 13D. Treat nent o RD- al bum n ng\/k g/ week)

weneanaeewrydr@jw@wt@ﬁ@@ﬁtwlasmd oﬁ@pbwéac vity, respectlvely The

aMErand BMGReasp ot BBl Bvoird Regkhy-Rpyd Jp 1cs. 13 and

13N Freieing oft ROMaiHUngini (3 5angikganéek)syisikeaiycreduced osteoclast, but
i nfl amrat ory di sorder of
increased ALP, activities in a reversible manner.
EXAMPLE 25
Inhibition of rheumatoid arthritis by RD

[0212] Rheumatoid arthritis is a chronic systemic inflammatory disorder of

unknown etiology characterized by invasive synovial hyperplasia that leads to
progressive joint destruction. Osteoclasts, derived from the monocyte/macrophage
lineage, play a crucial role in subchondral bone destructions in rheumatoid arthritis.
Radiographic studies have shown that in rheumatoid arthritis, osteopenia of the
subchondral bone and bone erosion begin at an early stage of the disease, and are
gradually exacerbated [29]. Bone-resorbing osteoclasts are observed at the
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unknown eti ol ogy characterized by invasive synovi al
hyperpl asia that |eads to progressive joint
waele®Bo0sssss on. Osteocl asts, derived fromthe  PCT/US2007/026125
nonocyt e/ macr ophage |ineage, play a crucial role in
subchondral  bone destr ions in,rheumafoid arthritis.
eroRbiaYGPUHAYEOSE MIPEECRITY. IhERePn e A R HSRLBP Jole of
ost@EAAEts i e&ﬁéﬁﬁ’d}%ﬂhﬁtié’pﬂherrﬁwé@?@,fﬁbﬁgjéiea%r&%ﬂﬁ?an
erosi on begin at an early 'stage of the disease, and _
matked lyginhititabstgoeastianbtiorsl agpe usefid-foetreatment of rheumatoid
Oﬁ.t eocl asts are observed at theerosive synovi um bone
arthiSer f ace [30]. A recent review discusses the role of
0S (g2 ¢312 9 ewik Rafsare i én thtAiddifral/sebsdaheod$ €8 €1 Mjéstions of
RD-rel ated proteins,” which markedly inhibit osteocCl ast
bovinentypeedheollagen @emgéek inl Freondisripaemplate @djuvaathed®rats develop

thritis.,.[0213] Lew t ol
the P aalaid diseadte ey s rangedy hijdkd i sevarab sty groves.
TrebttRéntlib ifigdteadstHefirgBAAY whenthewNidical siypergtlzetieitis are clearly
adjuvant). As rats develop the rheumatoi d di sease,

visiblgegs gvidengadofarexamplechy ankle jeiel swailing: \flergneapuring the paw

o it . '

voi B a5 B ortéet, Bhiaril A KhbbiiniYreliiReletffor the

exathaort efihistapatiedlagiiaechémgeinkl e joint swel ling. After
nmeasur i ng:It he paw vaol une, rats _are sacrifi

. . d, d .
A D14 cF 135 & 4As P $hows pinipg ci seapansesiaf kG and its variants,

Cnat | ot !
SEGIRNOR, 1oand 578, 1eBsedReRY FR8s L shoW ptdlediid®Sequences
of rhedostomin vaiants DPSEQs ID NOsiiB-56 - FIG St 4 6Add tshowd gmino acid and

) - h I i d i
nucleqiz seaiuegees PhoAeann Vagant Seu 18 AOs ISR no

. ¥ . L . ! ’

e I THEIREL0HE RARHBIGHSI e SxehDIAIEHT,IMMCAL Shthe
inveftionHwaselxeem peasented odiyfenthe parpdses iofiilustratian lradl derseniption
anchs 587 o gt 2o DEREE B b B T8 88 gPBss fpros
disdiésBd. M'é_ﬂ%/irﬁd@iﬂ&éﬁﬁhst and Rarigties s pedsiBledh ﬁ?hpéﬂﬁe above

Many nodi fications and variations are possible in
teag¢higdt of the above teaching. [0216] O her enbodi nments

R R

in the agtfiohR cohsideeatiohvehnthewpetification emdhsaetice of the imvention
. intended_ that the specification_and exanples be )
discleses] bereiy Hds intendeiatdhe ppedification apdexapwies RRgonsidered
i i he.sel. NV i i i adi . L
as %rﬁgaﬂnﬁénlgl \glllth% ﬁlﬂé tseg?g‘égpgslﬂéﬁgcggﬁé &l diiohBeing indicated by
the following claims.
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angi ogenesi s and anti angi ogeni c agents using
reconstituted basenent nenbrane, heparin, and
WO pisokdsast grow h factor. Lab I nvest 67: PCT/US2007/026125
519-528. CLAIM5 WHAT | S CLAIMED I'S: 1. A nethod for
treatment and/or prevention of an avb3
i nt egri nassoci at ed di sease conprising: adm nistering
to a manmal in need thereofLAifger apeutically
effective anount of a pol ypeptirde, or a
W_&M@JI_& accept able salt thereof, wherein the

Car Lot v WesFBdThL tERr By fiadIor HeentEh iof ah /e nlekyp-
assWorRiréEd G|§e|é§edjo‘|‘=rh i n is a variant of a di si ntegrin
chosen from rhodostom n, al bol abrin, appl agi

basadmisisteringte amgmmalnn neeitseeaaf @ th@&&%’é'ﬁaw effective

amﬁﬁé@?% g?lxﬁéﬁﬁ% i aph%ﬁﬁ#%f&gﬂy Skggéﬁtﬂepsalt thereof, wherein the

polypeptideciamplisesas daintegrikivariant thdtas belective fartangd3nintegrin.
nol ossin, sal nobsin, saxatilin, tergemnin

t ridrest athemethed ot elaim 1, Mhﬁf@ﬁs@e qisiotagrin ista wariaptef a
dlsﬁé{ergrm Ehos%n 1316, rﬂS{jg%nﬂﬁ SibBidBrity, a }5@%{9% ][bats'ﬂﬁ:m, batroxostatin,

I'n vari an rises a var
b:tmtlat)do&trebenn cerastim, crretd’umknmfdmisalnnelbgamler flavoridin dflavostatin,

rhodost om.n vari ant ,conprijs s a variant of the i NO .
el AR B PR SRR, Kbt A oISt dpolF ey salmosin,
saxﬂ\tlllﬁ‘hﬁfgeérﬁlnﬁ?'tﬁn{egf’éiﬁﬁirﬂ’ﬁh@rn’{ qrnhﬂﬂésé Cl!'@%'i.l'r@t%ﬁlnaﬁnémlﬁd?n

ci d sequence chosen from SEQ |
rret310d ofhe mEithod of slaémedl, wheteth Ma@tegrlmvamntmmpnses a

i,se n am no acid sequence chosen from SEQ ID
Va”ﬂ@gB% ‘%’5? N-The method of claim1, wherein said

pO'NpeptTW@Me‘ih@@%Yb@'irﬂfB Wherem étﬂétrﬁddé%tbl‘h|@|vbltl§htfbomprlses a
8. The nethod of claim1, wherein the avb3

variant egmawarawoamdtswuenge@é@m IRM¥Qeh from

ostgeopor r cel

051G Do PR P BBR B RS S BB S SHBH P BYERY Effrses
an amiras héidisequenoe ichaséasions SEQ 1D INDs;, 30-42.

mal i gnancy- |nduced hypercalcen1a anglogene5|s rel at ed

eyd.di seH ain e Adhereimzaisahpdostpmin variant egrgprises
an Qﬁm‘ir?d’ééihréréqy?r e?gthegaﬁ 0, 3@ @b bl 5789 wherein the

angi ogénesi eye di'sease IS chosen from
ager.r el artesimetbod af cidrgeln eviadreomsaidipobgidaptide is pegylated or

conﬁuegtatgg W %hg/lbu%%.neal

8. The method of claim 1, wherein the avB3 integrin-associatéd disease
is chosen from osteoporosis, bone tumor or cancer growth and symptoms related
thereto, angiogenesis-related tumor growth and metastasis, tumor metastasis in
bone, malignancy-induced hypercalcemia, angiogenesis-related eye disease,
Paget's disease, rheumatic arthritis, and osteoarthritis.

9. The method of claim 8, wherein the angiogenesis-related eye disease
is chosen from age-related macular degeneration, diabetic retinopathy, corneal
neovascularizing diseases, ischaemia-induced neovascularizing retinopathy, high

myopia, and retinopathy of prematurity.
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neovascul ari zi ng di seases, ischaem a-i nduced
neovascul ari zi ng retinopathy, high nyopia, and

wOo edosmgssat hy of prematurity. 10. The net hod of PCHUS087/026125
wherein the avb3 integrin-associ ated di sease conpri ses

ost eoporgsis. 11 he. met hqod of cla 10, wherein
oot bnor i Figtiod ol Atk e ioninglhapssotiatet disease
Congg?‘gystdﬁgomg%n from post - nenopausal estrogen

I ciency, secondary osteoporosis, ovariectony,
Pagkt.' s Theamilrod bbalairo difk Mherelor&aud @staoporosis is associated with
ncreased osteocl ast

a pthoaRal FobbltinsrReER TR s} e Behse hlRia ey,

secohdatEstebPorddfs, @%ﬁ@@t@h@sw@wsm PORk dapeepaeRl tumor,
osteoporosis or bone |oss The method of claim 1,

osteparthyitis, ineceasathestepslast farmationg and MGreased ostgoclast activity.

{r % mentn2RliRka B E4GR" Qﬂ?p@%ﬁaﬂqhg g &ergsg%gao[mows%@ post-

mef@samRial b@tdmdoénber eohedosdier apeutically effective
anount of pol ype or a pharmaceuti cal |

ac c@pt abT'te %W‘OQ ﬁEP'@éﬂ" 1, whar einﬁhﬁﬂeaw%%st%ean
| &8 nietflbg {@rt ﬁ%ﬁﬁbﬁ{%{;ﬂaﬁ&i Cﬁﬂebﬁﬁtléﬁ' P&h %%hlé@toﬁ?SLQd uced

avb “integrin. 4 wherein
phySictogitaigghamgescamprsingnt of a disintegrin chosen from

rhodost om n, al bol abrin, ilicin,
bat3BEHRHIRG O Bimamma .'mnggéa@%ﬂf ﬁ%’S‘E@P&é‘@'Fﬂ"Y effective
{ I
oAl S oo 15 Pryfh AARAELRy LIt rreot. wheri o
pO|ypBIﬂldeaIGmprISbeSSa dlsnntegan vagiant thatissélectivenfos i3, mteg rin.

sal saxati ter emnin, tripestatin .

triTinor | Fhe et abelaihddamrer o the Al avaragt of
dlsﬂ—fé%rlﬁﬁiﬂ&én‘ﬁorﬁ|rﬁb6&>§t5mlﬁ\’f@bél'aﬂnhthSI'a@IrNb%@ﬂn'crh batroxostatin,

variant conprises a variant of rhodostom n. The

bltlstemmmreberm lerasts), onplatrexin, sarigsing etegantni ﬂna‘cdﬂdm,u fb?e@statm

v Yl S B 3SR, R B samosin

saxufilin, a8tgePRiATY, ltﬁm&swmnatﬂrﬁmmItdnﬁﬁé&@ﬂ&%uﬂb@ﬁlﬁnaﬁd Gm‘Idln
SEQ I D NGs: 30-4 The nethod of claim 17, wherein,

sailf-r hoﬂlﬁmﬁﬁ‘?ﬂ OBﬁlﬁﬂﬂﬂ 5 whereiadbelisiniagh ariant comprises a
Varlgﬁggfg‘%%o%%?ﬁmet ;Ionm §E|le p[))oll\lyc/l;ep?rdggl szgeg;rgt ggt ggd
conjugatTte mietiodbbolaim.16, wherein said rhodostomin comprises a
variant of the amino acid sequence of SEQ ID NO: 1.
18. The method of claim 17, wherein said rhodostomin variant comprises
an amino acid sequence chosen from SEQ ID NOs: 30-42.
19.  The method of claim 17, wherein said rhodostomin variant comprises
an amino acid sequence chosen from SEQ ID NOs: 57-69.
20. The method of claim 14, wherein said polypeptide is pegylated or
conjugated with albumin.
21.  The method of claim 14, wherein the mammal is a human.
22. A method for inhibition and/or prevention of tumor cell growth in bone

and symptoms related thereto comprising:
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2 1. The nethod of claim 14, wherein the mammal is a

human. 22. A nethod for inhibition and/or prevention
wo@boosnsssus cel | growth in bone and synpt ons r el BEEUS2007/026125

thereto conprising:admnistering to a mammal in need

RECIRAEE IR TR T -
ambi i % pol?ﬁ@éﬁ’dé‘ drrée[t) hap nXéE?letlb?H?y éeégﬂtbﬁfésseﬂt thereof wherein the

di si ntegr ariant I's selective for avb
polyp&pmgeuommmesmdlsmegud vafiaot thiati2geleativg ﬁzrvaBBentegrln

R
d|S|Hﬂ§grrW‘c§Pﬁs@h'bembhbdéét@tﬁuﬁ‘ aIBSIraBFIﬁréFplagﬁf ®3ksilidin, batroxostatin,
crotatroxin, durissin, elegantin avori d

bitigtatiy, malpemn ceqastin, rcroﬂa@oygt, giurlﬁsm} glegeatin nﬂaVOI'IdIn flavostatin,

hal)Jés ﬂﬁaﬁ?%hp gdggqsr%lﬁnﬂjar?gfaggnkﬁ H‘H‘%%Se'r%%tllg{&sﬁ?%&ossm salmosin,

saxhfilifTuerdemninir, itfitneatin, HEAUEHS tamutaseaudsviisiadhnand4iridin.
The nmethod of claim 23, wherein the disi ntegrin

varddant U‘tﬁrb’leiﬂé@& ohchaifni2an whereipribastisiplagnin vasiantgemprises a

4 m 24, wherein said rhodostoni n vari ant
Va”g}éﬁgr'?‘s?ggsgé erant of SEQID NO 1. 26. The nethod of

cl @8N 23 hehwstiend) of elathn 1240 ddeireini Said aiodustomimparisrescomprises
am no acid seqéence chosen from SEQ I D NGs: 30-42. 27.

avaﬂ@t@éﬁ%& BIN@| 4i m 25, wherein said rhodostonin

Lo EETPAGEoP g 2 SR G 005N

ammalatld)séqmmme cleosen ﬁne@wt"oEQelﬂ) NOscaﬁHRgat ed with
in.said

th d | 22
FomT e stk CECIAm A Sfiecein <SR SRBUL A fomprises
an éf’ﬂn:dd“%&%%%@eﬁéé %ﬁ%éﬁ?roﬂ?SE‘Q I NOSHEeged bone

resorption, bone lesion, hypercalcema, a body weight
| 028, aﬁl'dTQametlwﬂrbf elai @2s Wheseisaraid polypeptidess pegylated or

erein the tunor cell growh in bone
Conf%t%gith@gﬁlé Mlncer cel | s, and net astasi zed cancer
celdgs orfHe mkthdtd of élamwmemﬁPferaars%@%ymp&ahetc@mm
breast cancer, lung cancer, thyroid cancer, renal

pathelagieal syspidraeheser Fom parkrereasee ostenstast a&ﬁwtwétpréﬁﬁed bone
res RS bor sy BEL e, ) i RS G ombinations
the@op3 i ntegrin, wherein the polypeptide is a

30. The method of claim 22, wherein the tumor cell growth in bone
includes bone cancer cells, and metastasized cancer cells originating from one or
more of prostate cancer, breast cancer, lung cancer, thyroid cancer, renal cancer,
ovarian cancer, pancreatic cancer, and myeloma cancer.

31. The method of claim 22, wherein the mammal is a human.

32. A polypeptide selective for av3 integrin, wherein the polypeptide is a
variant of a disintegrin.

33. The polypeptide of claim 32, wherein the disintegrin is a variant of a
disintegrin chosen from rhodostomin, albolabrin, applagin, basilicin, batroxostatin,

bitistatin, cereberin, cerastin, crotatroxin, durissin, elegantin, flavoridin, flavostatin,
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variant of a disintegrin. 33. The polypeptide of claim
32, wherein the disintegrin is a variant of a

waele®snsssgs i n chosen from rhodost om n, al bol abrP@r/US2007/026125
appl agin, basilicin, batroxostatin, bitistatin,

cereberln cerastjn, crotatroxin, uri,ssin, eIe
halysin, Ralygfalin, jeraresty, sarastatiay %@trﬂﬂ 'ﬂ%}%@ dbidsin, molossin, salmosin,

saxjaﬂ{r‘?rt@qu&n rf‘rtﬁ‘ﬁltegfdtﬁ‘r trlfrhﬁFﬁl:l],rlrunhﬂg;t,@sdééurlkféttlﬂs.'aﬂd viridin.

sax ter
t r i3¥est afhenpolypeptide ioh clalmlmmelnmgmlsmtegnrmompdses a
Viri 34. The polypeptide of claim32, wherein the
Va”@f"gpﬂﬂwﬂsp@ Brmpri ses a variant of rhodostomn. 35.

rer eEﬁdé bREEIRS2, ‘Wrﬁirélrﬁséé'rﬁodc‘&ﬁgﬁﬁﬁ oahant
varl ant co ri

a variant of SEQ 1.
conpmﬂlgqse@t/adanmf SEQi I NO: twher ei n sal d rhodostom n

éqa FEEBalyPERNGE oF Tah d?"f'ﬁf%b"t 416 FnSESi6R) (8Rbnt

corﬁ\b}ﬁ@l ah aatitb BoR u@rnce drwsearﬁorﬁ@&mulersoshsom no
aci ds sequence of SEQ ID NO 29 and conprises at | east

one37ani i patyipeptide of |o!am 3% wherginpsaidtrhedostesye yafiadin

cor BB i o B SN A s ason

amipolsdid sUbstit0Soirea PoRitRIh dHawanAremalositistist 48604382, be63 of SEQ
lie, and H s at position 50, Asp, Met, and Asn at

ID N@siltion 52, and Val, Leu, and Met at position 53. 39.

Theygol hb@?eg{ldéﬁ‘b r'r)iﬁa75 rgglnthte%'nﬁﬁ? 419d 36b&titutions are

substi t u p03|
cho}seh)fmmAlalet pbsitibai4d, Béu, b ecard hllst akepgsitigp 6Pt Adp, Met, and Asn
conpri ses an no 35'%;@ stitutions_jn at |east two
r

at postion; Ihanth¥akek igtiRasdiongd3.50 52 and 53 of
SEQd D Me E)oll)(ﬁnétldé— B?cfséﬂtwmﬂé?@mothecérﬁln@ 4did substitution is at

wherein the a aci d sti'tutions are chosen from
posklcmﬁﬂ)opﬁﬁltlon 48, Leu, lie, and H's at position 50,

d As Val , d .
£Ph YU By ASRAS RS e e yp e ffprices
am%eécﬁ‘d Qub@tﬂuﬁ&héﬂﬁl a0kHsEMRSpbSitibhOBRoSEIERrin POSitiénHA8, 50, 52,
43. The pol ypeptide of claim4 1, wherein

andﬁ%OQﬁE@i[&N@ Bubstitutions are at positions 52 and
53. ‘41, The polypeptide of claim 40, wherein the amino acid substitutions are

chosen from Ala at position 48, Leu, lle, and His at position 50, Asp, Met, and Asn
at position 52, and Val, Leu, and Met at position 53.

42. The polypeptide of claim 41, wherein the amino acid substitutions are
at positions 48 and 52.

43. The polypeptide of claim 41, wherein the amino acid substitutions are
at positions 52 and 53.

44. The polypeptide of claim 37, wherein the polypeptide comprises
amino acid substitutions in at least three positions chosen from positions 48, 50,
52, and 53 of SEQ ID NO: 1.

-60 -



44. The pol ypeptide of claim 37, wherein the
pol ypepti de conprises am no acid substitutions in at
WO e@sssss ee positions chosen from positions 4BCT/B682007/026125
52, and 53 of SEQ ID NO 1.45. The pol ypepti de of
claim44, wherein the amno acid substitutions are
chdden fthmpalyaentide & cleinf4s avherein thejamingasidisybgiitutions are

[ t n 2 n
onclf 20 p85fon 8. o8 o A3 B 80504130 7B Yt anc Ao
at pm‘%ltrolnaﬁmaflfﬁi Vaheéeaj and Metaatiposition 88.substi t uti ons ar e
ons nd 53 _47. The pol ypepti.

S Cagh h%ehrereat'éqae? R 45 Wiere B AT d SpBStiptions are

at p%$ﬁfo'h 525 and 53. 48. The pol ypeptide of claim
erél n t e poI ypepti de conprises am no acid

subit.i t uThne)perpapwe bt alkimf4n, wheseint theraminiocagich stibstitutions are
8, and 53 of SEQID NO 1. 49. The
at 9;985{&9%% oT’é 3?8%3& m 48, wherein the amino acid
lS:Jgﬁ g; gth%ég?regggtelﬁgﬁ.@gfmwéemtthe%@%m@corhmes
amiposicid substitutiomsiinvatl leastfour andltwés chpseo&iom pasisens 86, 50, 52,

of claim 32, wherein said pol ypeptide
and ggﬁ%bﬁgﬁfh{ﬂa ‘pol ynucl eotide conprising a nucl eotide
Seq&l@“ﬂr@ﬁégbe fi Mbﬁa@lmmg\'%eréﬁrth@%mﬁo]acﬂ babstltutlons are

pol ypepti de o ai m 32, wherein said pol ypeptid
chosghiftairn dlat pesition 480 Leualls, arshHisat Be%teR A, Aser Mebeand Asn

ffiit L].b / conpared to

at ploﬁgﬁgs%%rﬁq\é V%' Le [Ilhgﬁ%gj@pagﬁogg of 'cl aim 32, wherein

saigh. pol THrepodl ?epﬁdélbbclfaﬁnm , Merees binadaid tpoty p2plid & 6 éncoded by

decrease in affjnity to allbb3 and/or ab5bl _as %IB)?[S?\FO
a pelynyeleatide samprising amHele@ém?ﬁ@,syPaee ogen rfm% s: 43-
56 Wherein said polypeptide exhibits at |east about a

1000, or 2000-fold decrease in affinity to allbb3

andor aEtdpalypepm&moédlaim amwdmem\mald p@typeblhde exhibits at least

aboih 0, o ofuiald dedfase i Sy e giioband/Br 856 bs compared to
rhoglﬁgg@g,?gnlﬂ affinity to pl atel et as corrpared to

The polypeptide of claim 32, wherein said polypeptide exhibits at least
about a 200-fold decrease in affinity to allbB3 and/or a5B1 as compared to
rhodostomin.

53. The polypeptide of claim 32, wherein said polypeptide exhibits at least
about a 1000, or 2000-fold decrease in affinity to allbB3 and/or a581 as compared
to rhodostomin.

54. The polypeptide of claim 32, wherein said polypeptide exhibits at least
about 5, 50, 100, 1000, or 2000-fold decrease in affinity to platelet as compared to
rhodostomin.

55. The polypeptide of claim 32, wherein said polypeptide exhibits
reduced activity in prolongation of blood clotting time as compared to rhodostomin.

56. The polypeptide of claim 32, wherein said polypeptide is pegylated or

conjugated with albumin.
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55. The pol ypeptide of claim 32, wherein said

pol ypepti de exhibits reduced activity in prol ongation
w@booblogssdls cl otting tinme as conpared to rhodostPen/ns2086026125

The pol ypeptide of claim32, wherein sai d poI ypepti de

gyldgt i‘d %é%&%%%&@%%aﬁq% QN mﬁplgggﬁaetpﬁg/peptme
of O%W@?@bfidae H&rn?é&!dfgéﬁy Qegﬂﬁaﬁl@éé}:ﬁQEUtI cally

acceptable carrier st ol ogi cally acceptabl e
corﬁﬁnsu tA mhysnolqgmailyrqp@p&atpelcppmsntm ccﬁmphsmgwthe palypeptide
eut | caI tab rrier. A
of C&&%?Bél%ﬁ"?rm P‘éc%r@e}ﬂ‘ﬁ <FaTgh corrprl sing the
polageptA ¢y §fold‘dlé’élﬁﬂ é’(ﬂ:e%[@blé cBFrﬁJ"dEﬂRﬁiJédrﬁBhéMg th% polypeptide

accept abl e carrler siol'ogi cally accepta
of alaimpds and enplanmadetiticglly aecmappecmrrlaé of claim48 and

ony ol dupLupEPadaBATRPEtE ciBidsRlan Cofpripog the pplypeptice

of cRAIhY48 Bht ¢epRarntactiutically abestableadarseput i cal |y
acceptable carrier. 62. The physiol ogically acceptable

corffosi tA ehysiplagiealiy arepiatie sompositonerpEgng dae ipslypeptide

0 63. A
of cg%%%@%ﬁ g(?eFls %@%g%&%ﬁtgégﬁrﬂesequence chosen
f r CBB SEQ H@ph@blo?ibaﬁi? actéptableredinpdsition ofedtaing52, wherein said
ypepti de accor to cl]ajm 2 conprising the

polme@élgedﬁ pegylAlech AL FRRHORIPLWHRADUBIN. wi th a
pol ucl,@go ﬁ%p‘ﬁaé L’rﬂ:ﬁtszrfdegn RiphinBeRid gé%u@ncégfmgé?ﬂfrom SEQ

sal ost 'C medi um and I solati ng
ID N@stMQypeptl de. 65. The nethod of claim 64, wherein

(b). furt rlse addi n anol t id cu

odidom A getid Kpmabincg PoarRlge acraidndfo Hiali A4 cRprising
the SEEPY &9 the host cell in a culture nmediumfree of

amno acids. 67. The nethod of claim64, wherein (c)

f ura her transfectingsa pest celhwith aapalghucteotite eneedigg sy

| Igt ain said polypeptide. 68. The method of claim
pO)@)ZFp frt ner conprising performng a HPLC to

growing said host cell in a culture medium; and

C. isolating said polypeptide.

65. The method of claim 64, wherein (b) further comprises adding
methanol to said culture medium.

66. The method of claim 64, further comprising growing the host cell in a
culture medium free of amino acids.

67. The method of claim 64, wherein (c) further comprises performing a
column chromatography to obtain said polypeptide.

68. The method of claim 64, further comprising performing a HPLC to
obtain said polypeptide.

69. The method of claim 64, wherein said host cell is a yeast cell.

70. A polynucleotide encoding a polypeptide selective for av3 integrin,

wherein the polypeptide is a variant of a disintegrin.
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obtai n said pol ypeptide. 69. The nmethod of claim 64,
wherein said host cell is a yeast cell. 70. A
wp@odognssskeot i de encodi ng a pol ypepti de sel ect i R€T/I/82007/026125
avb3 integrin, wherein the polypeptide is a variant of
a disintegrin.7 1. The pol ynucl eotide of claim 70, ,
whetei n T PalvaualeadAs et o (hevaarehedianisgrittis kariant of
o - N, . g e s .
= RIS BHOSE OO, RSN sty b fiin, batrovostatin
bitistatimst¢erabexin oderastin,i erotadroxirs sdunissial, etgganitin, flavoridin, flavostatin,
flavoridin, flavostatin, halysin, halystalin . .
ha'YSA?’é?%thﬁ,{}nj J&f%@f’ﬁ\* ijq{,astatgt Hsir,mql% .ril,.r{g{qsm,d'gpl[q,san, salmosin,
saxaBliP &t demipi, TR tatie6@hUb R, tribRIt4SET W¥shiristatin, and viridin.

trinmestatin, ‘trimucrin, trimitase, ussuristatin, and
vi ridi n. The polynecieottide wf ickaimi T vaereirathe disintegrer eomprises a

1h i,Sintegrin conprises a variant of rhodostoni n.
Va“?§f°$ﬁwff§&$‘3ﬂlﬁ‘u eotide of claim 72, wherein said
I hogpst ophd p¥RnLBRIOtIEE IICIRMS7 2 Witdrea$aifrhS8&3toRiNGariant

1. 74. The polynucl eotide of claim 73, wherein said
conprigast@yatiantehr$@t Il ses an ani no aci d sequence

R ARy bR ar i, oI A A

consSHEYsl L aniing asgid seyuRhicescHaeerdrsmm SEQ IBQOB: 34229
and conprises at |east one am no acid substitution in

a pidsi ti Oie pRbsealectigmab slaimy dhyvhgreinsgaidshodestonn yariant
co %elsﬁh A miho dds I@&Lé&‘?é%%%@tolﬁ ®): g Qﬁc?;‘bm'n ises at least one
SUbStT T U rom

erein e am no aci ions ‘are chose

amifbaacid spbstitutiom irt8,pdsétion ¢hasendfremibasitadnsptBi g0, &2, 56 53 of SEQ
Asp, Met, and Asn at position 52, and Val, Leu, and

ID INE¥ 1at position 53. 77. The pol ynucl eotide of claim

76, ergi ] ) t [ j i) i
{579 FAaghRLERL RS Bt S AP dmffo B8 dbdutons
aretdheseolfrome pa de positipn i48e & eanilecarat His supasitiionb0pAspi Met, and

at, | east j ti,ons chose rom.posi,ti ons 48, 50,

Asrsgt p%@%gﬁg?'ﬁ)‘%?@ﬁl LE?LNén.dg'.aeE@{ pq{ﬂntg'b???ynupl eoti de of
cl aj7m 78rhevBBlyALBIcbiBe BTCRAMATS, dvisarafi HeldiftSagiisubstitution is
chosen from Ala at position 48, Leu, lie, and H s at-

at pos#ion ¥ho662. Asp, Met, and Asn at position 52, and

Va2 b R NGBl O 8 un B g ot omrises
aminelsdid bUbst0Sons in at least two positions chosen from positions 48, 50, 52,
and 53 of SEQ ID NO: 1.

79.  The polynucleotide of claim 78, wherein the amino acid substitutions
are chosen from Ala at position 48, Leu, lle, and His at position 50, Asp, Met, and
Asn at position 52, and Val, Leu, and Met at position 53.

80. The polynucleotide of claim 79, wherein the amino acid substitutions
are at positions 48 and 52.

81.  The polynucleotide of claim 79, wherein the amino acid substitutions

are at positions 52 and 53.
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are at positions 48 and 52. 8 1. The pol ynucl eoti de of
claim79, wherein the am no acid substitutions are at

wEomBnssses 52 and 53.82. The pol ynucl eoti de of P€CT/a52907/026125
75, wherein the pol ypeptide conprises am' no acid

o1 oS BoBlciRpEUS B gl T, et oberRe GBbrises
amnBB'éHW%SéﬁtUﬁ'@né’fn 1Bh & tﬁf? oﬂa&&@hg chB§eﬁfPoPr9péﬁhQrﬂs 48 50,

substitutions are chosen at position 48
52, Ia@d Sthdf $EQ ) Nebshi.ti on 50, Asp, Met, and Asn at

42 d Vval., L , t_at i ti 53..84.. ..
ol yHispediiagolre of Siafesz. Wbl R&Carbindacid suBftputions
are%%6§éh e AP aﬁb@sﬂbn R8SLELONS, i Hiat FoxitidP50 8§sp,TMét and
ol ynucl eotide of claim 83, wherein the am no acid

Asnsatpesition #3n@ndival, ahetp@@dtMehet positigpp3and 53. 86. The

Cori <P fnTtepife B Emits afctel Be By Fhostiutons

arem bg|t|@n§4xahggegna|53m p03|t| ons 48, 50, 52, and 53 of
IDNO 1. 87. The égucl eotide of claims$8

i n theepelnuelegtide 0§9 mi 83, twhereinaihe %ﬁt@e@led sgkstitutions
aregsgogk)gﬁgsjot naﬁ§,53Leu lie, and H's at position 50,

Asn at ‘position 42, and Val, Leu, and

Metggat pPRisd polqnuél&oﬂ&é of ¢ladmprs, ywhmbmmectmlwﬁemlcm' comprises
70, wherein the p nucleotlde conp Blses

amigR A SHESVRTS PACIBESt f99r BASHRRS PRO3R TogsposHans 48, 50, 52,

f claim 70, wherein the pol ynucl eoti de
andg%:}gﬂggtfﬁﬁe polgpeptl de of claim37. 90. The

pol8muc| e polgnadeotide gf algil aﬁgevmerdm thel aroinovacid substltutions
b3 int ' wh tid
are Bhpae TRTLALR ShBrSlin feLBY! T Aeols daiinad A Mot and
AsrPSY paaRiA 42, é}ﬁd VapiBuA ndMét atpissifen gucl eoti de

encodi ng a pol ypeptide selective for avb3 integrin, )
whd&i n Theepplyhygleptide of claim Aamwhareinothei palyaug eotaiﬂ:lcomprlses

e

pO'&goeptTKEpé‘I?h@@Ibbﬂ@efo%laﬁ’hbﬂ) iwHerain the peIgigileotideeencodes
tide iS a variant of integrin and wherein the

the p@lmogde@f clggm 37.

90. The polynucleotide encoding a polypeptide selective for avB3 integrin,
wherein the polypeptide is a variant of integrin and wherein the polynucleotide
encodes the polypeptide of claim 40.

91. The polynucleotide encoding a polypeptide selective for avB3 integrin,
wherein the polypeptide is a variant of integrin and wherein the polynucleotide
encodes the polypeptide of claim 44.

92. The polynucleotide encoding a polypeptide selective for avB3 integrin,
wherein the polypeptide is a variant of integrin and wherein the polynucleotide
encodes the polypeptide of claim 48.

93. The polynucleotide encoding a polypeptide selective for avB3 integrin,
wherein the polypeptide is a variant of integrin and wherein the polynucleotide

encodes the polypeptide of claim 50.
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encodes the pol ypeptide of claim48. 93. The

pol ynucl eoti de encodi ng a pol ypepti de sel ective for
wW@2w8/088stegri n, wherein the polypeptide is a vBCT/ER1000626125

integrin and wherein the pol ynucl eotide encodes the

ol ypeptjde of claim 50 94. .A polynucleotide that
by ol 7 SohiuslecliofithgkRybridizds vt sistigopREcondtions to the
p°¢ﬁg?@?“3é%*agﬁh?é-0|ai”173' 95. A pol ypepti de encoded
9

e nucl eoti de of claim 94. _
A polypeptide encoded by the nucleotide of claim 94.
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