APOLI POPROTEIN A-1 MM CS Cross-Reference to Rel ated Applications [001]
This application clainms the benefit of priority to U S. provisional

appl i cat iwo 288va93d25Nos. 61/ 152,962, filed February 16, PO0AIS2@2/014H86 966,
filed February 16, 2009, and 61/152,960, filed February 16, 2009, each of
which is herein incorporated by reference in its entirety. Field of the

I nvention [002] The invention provides peptides, conpositions thereof, and
met hods f orpdripat-alngdMinisti eeNbE PEbtENs ThQudia T FGF-B Sidiei ks Ménderslfsease,
endot hel i al dysfuncti on, TeaifRehOYESStEIndE DIsaeFSind DiseaseM Crovascul ar

di sorder. Background of The Tnveniron [003] Cholesterol circulating in the

human body is carried by ptR3iRerdrPRR @IEdINGd AWIfcRtigne particles of
conplex lipid and protein™conposition that transport Tipids in the bl ood.
Two types qhojasminlsi-AREAbRcAtmE HAbriGas s HAGTeLS by RNaCeAS] Y

| i poproteins ("LDL") a high density l'ipoproteins ("HDL"). LDL particles
are bel Sevetprlwaten Nesplohsli, W% fitalrFebhery ¢2,i2089 ythotorgbigb eSwhrcblard r om t he
liver (where it | ntthesi zed or obtained fromdietary sources) to
extrahepatilgcqrp%@%gy'irﬁ efq’ilgeg%rﬁﬁ}ls HDL particles, on the other hand, are
believed to aid in the transport of ghgbesiiRy ol fromthe extrahepatic
tissues to the liver, where the chol'esterol 1s catabolized and eli m nated.
Such transpgog21of 8BRE BREHoRENDHEPRAEIE (BMIP ioGhd brHeMill@ft he liver is
referred tg as ]"rever se %gesteﬁ?%tsgnspgﬁiﬁ% 804?b1$)§e regg)r se

chol est er ol transfanmpergrow thR@mtoy f hhChvayandzontrar edivanst sctof epldularangd chol est er ol
ef F1 Xyl - ey b SR b Blosd CORY A o0 c ENGESEETAL ol LT YRRLUR 1ORY % ©f
peri phetQaI 3 PE" I%I |13 RO 3P et el 8at|%n %lﬁ PHE GO NS

| eci t hi n: chRbestier RbuRthdalihgasd R5pasPrdcebscdin édulﬁtﬁ@ﬁ@b)BMPﬁweﬂ’étihﬂ“ﬂigllﬁ
re-entry of effluxed cholesterol into cells; and (ii i£ upt ake of the

chol est er yliselated by pheipility e indaps benoyandicastegcHprrsiome Bewexer, theit vtiliyonpl ex
to liver c T . I: i at by HDL particles. Each
HDL parti cle‘#g} ﬁ%lgl[tgsgﬁ% l%lll({d.l&ggi%gﬁ%ﬁl M%E)ngl rlg%rgélﬁtgg'orrponent. The lipid
conmponent dbo0IIL cdn dbe, arghablepheink forchondbedl dsliwrpbf § oliniealpheffeedtedade
ester), or triglyceride. The protein conpgnent of HDL is primarily nade
up of i By AT?SP?Céggsfh‘teﬁé@F%l%g@S;Pele% PEU@P’ Wibew senepted glwdnipttions
prepr oapol i poR! B NhMYI b dlife ﬁéoe%rﬁgtit?o?leﬁ RIAR! k&kiNe bBRfery §f fBRI dl ¥
cleaved to generate a mature pol ypeptide having 243 am no acid residues.
ApoA-| i s proteracdops adegicpgats genenll§ randihe pentansepedtchalhings. Pregteup of 22

o 10 2014 eBLOUES SRASE Bl B MRSRLTRLELN S0 Lo LGN B i, a0
types of stRhtiguco ey aniManl nbddMdhd pr&viBe therdpeRticdddieosr £BVHEXES referred

to as pre-b-1 HDL; flattened discoidal particles containing polar |ipids
(phosplR8l i giaticeind chol esterol) referred to as pre-b-2 HDL; and spheri cal

particles i ni bet h |l ar _and poppal ar..lipids, referred to as
Soher car a0t ur Efpe rrtlndes ol OfRRI | SlfPu iFuiil feodeftmlae 1o
reconbi nantdribypiijectitsie e oraliadheiistp-is oftén Papproptige fer prot ect agai nst

at heroscl erotic di sease. However, there are many pitfalls associated with
t he productMromplgcyiadiges mehAs proteras:ias ghost of the arqagt abepahed méachbythey; e. g.
, ApOA-1 I . I i LEf i guge, and
signifi Canfga%‘%%ﬁ{e%@aﬁ?@%téb@ﬁ% Q%ﬁecpdrIﬁ gléllflgbel tﬁ?tE @ﬁcggg%f%ﬁfﬂ%gfd%ggeg%gr core
Wi t h r @Spedilotcovat ahen a pyrtidulai thgraptaiagetcided proinacadusageads adieinptacdict and
half-life in vivo., [0Q7] In view of these drawhacks, attenpts have been
made to pr &weampeela{qcaénie 5. AR E EPIASURY IR a&rﬁesa\tange&-hecmevi vo.
There is a peRdglfts Ezﬁl?haﬂz'étsh&@ghérﬁﬁc&ﬁﬂéﬂcq&m%spfTh@s‘,‘%éﬁl@ﬁ%bpﬂ%péﬂade5 that
can mimc the activity of ApoA-1 in vivo,

routine means of administering medications can pose a substantial physical burden on

the patient and create significant administrative costs related to patient management.
30  [0005] Thus, there is a need for alternative modes of providing biologically active
agents, especially macromolecules such as BMPs and other proteinaceous

macromolecular biologics or drugs.



whi ch are sinple and cost-effective to produce. Summary of the Invention
[008] In one enbodi nent, the invention provides 22- to 29-resi due peptides
havi ng t hwofoldesg2sg Formul a | R1- Y1- X1- X2- X3- X4- X5- X6- KCTXB2049/0X0106 Xp

- X12- X13- X14- X15- X16- X17- X18- X19-X20- ¢ 21 ¢ 22 ¢ 23 g 2 R 2 Fornula | and
phar maceuti cally acceptable salts thereof, wherein: X1 is absent or an

achiral, , or L-basic am no e&nﬂmamoﬂme In¥éhtiom an achiral, D, or
L- basi c amn cid residue; X3.is.an achiral D- L-ali atlc m no aC|d
resi due; 3‘%681‘ EEﬁmﬁéw inpyentigp ls%aﬁ%?s%tham%ﬁveax thit PR S¥RRIAK W%a n,

D-G@n, D ASEEMPW c%b@ﬁ@vi’(ﬁh nof: surg%allkr -aRARbLE- l@d?ﬁl?@o Rlahthdi ERitHNR qnﬂfrlhg an

achi raI D, L-basic amno acid résidue; X7 is an achiral, ,
L- hydr ophobh@vmwltamracl’mcm@sofdh@premt 1119/eaunorapdmntalmull-1¢ and rdpeirtydir ophob| c

an1'noa dreS|d n, ac a L- hydrophi lic am no acid
Fest dues xibFReSHEy perp RS R forpr iy hor s e BRERET G y o
an achiral ,wikhout e alelv@dsé Bif@dtd Ber@d¥dR0 oB&ivbdl aSipthdBy, pétighérdl MRadGlBus al , D,
or L-hydrophilic am no acid residue; X13 is an ac iTa D, or

L- hydr ophi |admlmﬁﬁrﬁwnaxquMP@gsldg@unxm¢0§,1onénpthordsps a@pplpameqiém ratgy dags;Tr p,
X15 i s Leila.?@réfdnk%y b e%%{np%%y'n?arﬁ{d ]%8%}' rf% ts i ludl but ﬁgt lg'hﬁed%%] &Pe

resi due; i's an |ra |I|c a ’n0 " aci resi due; 18 is
Leu, Phe, DUreds, aqd f@nﬁh@n oKb&hd eﬁldlcﬁlctartﬁ’i'g%,m @ndl-@ﬂ@un@boﬂ@-t%@essé@ﬁdl s an
achlral D-, or L-acidic amno acid resid 1is Leu, Phe, D-Leu, or

D Phe: 1822 nesivasculs Hpsuss at the sitepf the mtmﬂ%&qncofém rsdlscand/or gathaige: These x23 i s
I np, N p, %Béﬁrarbl%' chai%?fg&tgpre@hMg@Ig 8{0956'fphé)%ro¥ln Into ARIEME V8§sela1%01aem no acid

sequence havin resi bsent or an am no aci
sequence hatham@deromlnwme,ttherzby a&e@ﬁﬂngﬁﬁeof&nzﬁhy@ffmnﬁpﬂﬂmem otssds,i ng group;

R2 is OH or, a.carbox r ot.ect roup,. wherein c.hiral ino acid
residue is laaﬁill&gfé?rﬁnr% platieg mﬁé%r@&)&@a&*ﬁnéﬁwa@% iBue is a

D-am no aC'dﬂm{c%Pftn‘AUt@oe Géve n€Of §i2h a@%r@ef?&'ts%r%ﬁﬁ&él%@nﬁﬁs‘@ﬁloln rﬁ‘(SFenO aci d
resi due, except that one or nore of each chiral termnal am no acid residue

and eadh crthauad)neamenwe@lcmdi pigi 4ioed mm%dmamdnyuaéldjlaaﬁ@m an hebiifpta igjeat
D- anm no ac .each chi.r aci.d residue is an D-am no

0 .
acid resi dlL}ge p@ié%g[{fatvﬁrgqus n8 Ooarllyrpgpgﬁ%?‘labgé%ﬁve@ﬁqlr al termnal amno acid

resi due anqoggmh cirhé ples@ftiim@naén ekpl6isd b disbovergl it ehenastraesillariynereto is
an L-am no ac resi du Ej%009 I n anot her enbodi nent, the invention provides

15- to 22- raémlm@@np@w do ﬁ@@rlnlgemlwetemtlm@msw ips iyl 2 the actual delivery
e
achiral20 Dof tiey prbtdim&hks z&ﬁhﬂitbtha&bﬁ;el’ &r8b theevessel wall, or into the surrounding
tissues, then the undesired effects of edema, fibrosis, and formation of bone and/or
cartilage in and around the vessel and/or perivascular tissues will occur. The distance
between the site of administration or venipuncture and the site of delivery is optimally a
distance that permits delivery of the therapeutic agent, for example, BMP-7, beyond the
25  point of any trauma or damage to the vessel and associated tissues including the lumen
of the vessel, the perivascular and subcutaneous tissues, thereby preventing leakage of
the therapeutic agent into the surrounding tissues. The distance between the site of
administration or venipuncture and the site of delivery depends on a variety of factors
including the type of the vessel (e.g., artery or vein) the size of the vessel (large or
30  small), and the anatomy of the vessel (e.g., presence of valves, branches etc.).
Prevention of leakage is of particular importance in the administration of BMPs such as
BMP-7 in order to prevent the particular side effects at the site of administration

otherwise associated with BMP-7, namely cartilaginous or bony growths or nodules.



Xis Leu or DLeu; X3 is an achiral, D, or L-basic amno acid residue; X4
is @n, Asn, Dbbd@n, or D-Asn; X is Leu, D-Leu, or an achiral, D, or

L- basi ¢ awDnro1saosesanm no acid residue; X6 is Leu, Trp, Po@/UuSBriosed100- Trp,
or DPhe; X7 is an achiral, D, or L-acidic anmino acid residue; X is Asn,
D-Asn, or an achiral, D, or L-acidic amno acid residue; X9 is Leu, Trp,
D-Leu, or [Fhiisppractio@ of shdj@usent ﬁlpentlbnl_iamlvasrdifécﬁng)delxzbiy bﬁprateira'mhj gal, D,
or L-acidi n Cld resi due; X12 is an achiral Easm am no
acid resid %@Sﬁ doyagfreaph Om@r@éﬁap&ﬂntﬁa ﬁéam9%f4at lgaswwut feabayt pey, or

D- Phe; X 'Q"I'n)adT afAG R fidh or El)&rnag%r (e |g Qﬁé ﬂiﬁlcﬁmnﬁ&tléﬁ: bAvAseSlaAMGicnsid Gitd: %hé—eu or

D-Leu; X17 is an achiral [-aliphatic amno acid residue; X is Inp,
Ni p, azPro admlmstram qpte) Dthh: pc;sscirm[oelsuqdl trafimd gr Mnmenmtsalnal@gﬁ nbthaci d
sequenc havi n to 4.residues H or .an am no
o1 ot ect Sng TP GRS fishes P6 e TR aFFn o FpBREE FinySyr Bie PRKEFEI R zero 1o
three of regkdurg h&geni @hhierlon ARBIBNprotd deley Bitda sébm@R6Nblebd K&dselam no
acid residue is an L-am no acid residue; b) each chiral am no acid residue

is a Dam nﬁhlel@iSd‘reeeﬁuhQLcé,, f@yrSeea@FpréWilmun@wpdxby&mIdlys@ghmetmt@naﬁ the ani no
acid resi dg)q e%g t that one or nore of each chiral termnal amno acid
resi due and €ach iral amno acid residue imedi ately adjacent thereto is

a D-am no 6{00@3]resA@l¢6mteﬁ1ﬁ)la(ﬂﬁ)d leaeih, thbimahtie@nRolvaspldcdregitdoe chtheten D-am no
acid reS| due, except that one or nore of each chiral termnal anm no acid

resi dudfand @&ghaé%waémea#?ﬁbaa@h@rem@p%@rﬁbﬁ%d.%@m a4 HjesicabREt t HBreto i s
an L-am ”Oéﬁgﬂ Gud §'c%§atLPQ%QJsté uft %P&rstﬁﬁtlﬁ;fol 85 LA a§tpt\ﬁ?nt' on

provi des 2 res ept aV| ovmng orrruaIII

R1- Y1- X1- X2reKipukdtuiXssitspbuXia Xﬁy oBe Xﬂﬁa@(}beyond any induced trauma to the vessel. For

- X12- X13- X14- X15- X16- X17- X19- X20- 2 2 R 2. Formul I I
and phar m&éamp@arhefa@é@éé% prwitaoyt fhe Itﬁﬁéé@éfntr%ﬁl@?rgrs%’lmwosr%on%g%f

achiral, DimnQididic BaSdGn@ERAAR RIS HeBRb Y RimetandSs 8idn AeLAdea! ef@r‘ablyo
L-basic amno acid residue; X3 is Leu or D-Leu; X4 is an achlral , or

L- basi d Samiaboutakim, stdeistilwut X5 paouad cag b keast 2 do, mae thanPagn.omairsi no aci d
o500, g Ry BB r e B e T o 8, R R 3%, 0
Gy, Leu, ofenfpub@iic 28HZripastAhg a®ocitedteiumbl Dl tiRn igRipiétbin dotuallpr L-aci dic
am no acid residue;
delivered. The diameter (gauge) of the needle and catheter, as well as the length of
catheter used, are dependent upon the species, age, sex, weight, and/or size of the
20  patient. Any peripheral vessel can be used (e.g., veins or arteries in hands, arms, legs,
feet and/or the jugular vein), but typically the preferred vessel is a vein in the subcutis
of an extremity.
[0009] As is explained elsewhere herein, aspects of the invention further include a
protein formulation suitable for minimally-invasive systemic delivery, including
25  formulation parameters such as pH, excipients and/or concentration to name but a few,
as well as the rate of administration of such formulations and effective dosages of the
same accomplished via manipulation of formulation parameters and/or rates of
administration.
[0010] Given the availability of preclinical evidence confirming that a number of
30  systemic disease states could benefit from BMP therapy, the importance of the above-
described minimally-invasive approach to systemic therapy can not be underestimated.

In particular, metabolic bone diseases including mineralized as well as non-mineralized

tissues affected thereby are of significant importance. Additionally, preclinical



X14 is Leu, Trp, Gy, DLeu, or DTrp; X15 is Leu or D-Leu; X16 is G n or
DA@n; X17 is GQu, Leu, DDA u, or D Leu; X18 is Leu, Phe, D Leu, or D Phe;
X19 is arwachiw®B92sD-, or L-aliphatic am no acid resi duBCTXR010924F& Or
DGAu; X2 1is Leu, Phe, D-Leu, or D-Phe; X22 is an achiral, D, or
L-aliphatic amno acid residue; X23 is Inp, N p, azPro, Pip, azPip, D N p,
or D Pip; Ytsdaschaloagihs mnumbermﬁsyﬂeratci ctiseﬁmmaascﬁ)r h\&ﬁémBMPrtthanaﬂly tan We

resi dues; hsen no aci ce having.fr
resi dues; Efn? cigj 1ggl u@ﬁg élﬁ%ur% a‘g’/@i ‘E&f“?%?@vfe@%&’ﬁ i %ﬁQqué)f%ﬁ rsa“‘& ra%oxyl
protecting &F&H@and"ﬂ%’feelhﬂnefalse%@@ Qt&%s@ﬁ&osﬁ%ﬁ‘lﬁl&iﬁfﬂﬁ&@ﬁh YbRsityS dRBetes,am no

acid residue; b) each chiral amno acid residue is a D-am no aci d resi due;
c) each ¢ hicanéer aovulry seariidg rlast besissindammatry disoadsidandosindwe Sygsmwept t hat
one or gore of ,each chiral termnal am no acid residue and each chiral

ami no aci d P¥%8dte i nmedi atel y adj acent thereto is a D-anino acid residue;

or d) each gpirnal ﬁﬂ&ﬂ%t@ﬁie@t E&Sprékéﬁtﬂnserﬁ{bn[?s éﬁ&dﬁéﬁt@cd &)nﬁ itidye, except
t hat one or nore of each chi ral termnal amno acid residue and each chiral

am no aci d qoeRriging a|bﬂzﬂl@aicatgémtwndajV@@@ﬁ@ctvmp@@@tu8§ora¢dmm§mrmé theeagent @si due.

accept oot e Sa “oxd I57“Pllhelyss abperRbndecyo Pl SudiRF FRERH S Endlon of

preventi ng thyBlobp iveeol which i Ceduth DS Clil @ftaidli jsefaged cabeditieats] @blomgsd unct ion,
a macrovascul ar. di sorder, or a m crovascul ar di sorder geach bei ng
" Condi ti0on"agentipg IIEPMF%lYa?ﬁB{bILF‘eWO@%o]&l%W oflgent.rihepiof Wcs?%hlal@glc

conposi t1 ol a'I&l d gkoﬁélﬁ% s &lbbGhfidl chHRME. gsf%noo@é)ag?ﬂ: e and a

phar maceut i cceptable carrier or vehic n anot her
enbodi nment enhﬁmelirhmﬂht pmnelpac@musjlaslorgéi dyedsis faonerbee af thedl GF -Peupgeréantilyng a

Condi ti on, risin n effective anou f OA-I Mmc
to a rrammIOf|pﬁ ﬁlé‘édAgﬂ@P’é?ﬁl 0 %ETF?%% YD Erﬁﬁﬁﬁ &Eﬁé’éo%@‘i SFI G
lAis a Sc %&B%e aQQIWHQ%QQnEﬁlHePQ# th%‘@@@ s&BfQﬁﬂ?'&TQ{e T&HF- 'B%ﬁﬁérfa%ﬁi

anphi pathic a-helix in which open circles represent hydrophilic am no acid
resi dud$ amdotshaddéuond ergbaskmerimt esepresdny dvophobite moicmacemis diolest daad .

0015] FIG. o) he iz hic helix
of FIG 1 AT BotkT B rr e B BT R bSO 2o SEPET TR e | 2
anphi pat hl casp&it bEthRfpréskft intéhiohOBd plotéihbacods bidlaicehf k@M EdMIMdson hel i cal
wheel diagram of Segrest's consensus 22-mer peptide (SEQ ID NO 1) [0018]

FIG 3A il |mgieﬂtam@@nt@ntaéiotprwyle&)ﬁoaémrﬁelawnéﬁblﬁ&gymg@nbﬁlat heeqysBee | M mi cs.
e e s
t he Ap@d-1 GDRITCSn ah@t@&rldspEdtht&tpredehumbéﬁtoastlﬁmhacqoug bivdodi¢ &g nt Braanched
networks Ofprgtggl Ié%m%- alt lel\alllst about 50% amino acid sequence identity with a member of the
BMP subfamily within the conserved C-terminal cysteine-rich domain.
[0012] In accordance with the present invention, a venipuncture apparatus is one
which provides access to a subject’s vasculature; the vasculature is preferably a
25  peripheral blood vessel. In the case of the present invention, the venipuncture
apparatus is adapted to deliverer the agent to a region of the subject’s peripheral blood
vessel which is trauma-free. As contemplated by the present invention, a preferred
vascular access structure is implantable on the exterior or the interior of a subject’s
periphery. In certain embodiments, such a structure can operate to deliver a biologic
30  agent into the subject’s blood stream at a site remote from the actual implantation site,

for example, a venipuncture or insertion site. In still other preferred embodiments, the

venipuncture apparatus is equipped with a non-damaging distal end.



[0022] FIG 4A is a cartoon depicting the various aggregation states and
peptide-lipid conplexes that can be obtained with the ApoA-I Mmcs of the
i nvent i orwwokefoa93dell ti meri zati on process of the peptidegcrasadmwiontgoé r om t he
interaction of several peptide helices and |leading to the formation of
oligonmers in conditions of defined peptide concentration, pH and ionic
strength. geotyr: Trhend smlgyddatntpthe divehtien prooick a Mathaisfol troataya dikcakdese
states of aggregation) with lipidic entities (such as smal.l unilanellar
vesi cl es (ﬂ%%xpggsl)t byeyersmically @E@Hﬂ%%ggaaﬁ?%?% OZREYHPLOIRY QHBHEThE t he

lipi d: peptifeq MRI&QST, TAE hidthodiihfIBI&Mhe §tﬁ8§acﬁﬁin&?&fn?%e? bdd HorpRERINERES can

be obtained, fromlipid-peptide comcelles at |low Iipid-peptide ratios, to
di scoi dal paeteinctodhe paignf atraladninistrdtencgee mal a vdsarted dcaess stnphiex ddicat

i i | hi .gh | i.pi.d: ti ti ) 0023] FIG 4B.ill trat th
porer o b et O am i Pl o &5 bORs R oRM TrotRd® Rty o e
in a defingdtit@ngRripherallPldta®B@Verisiig & 16AL I @ fré&ache ARRifistralibiiife. In

surrounding the disc edge is in close contact with its two nearest

nei ghbor s. 4 yoha]enthadiment; the dekieqsy sideistahicagte’ ¢gpl orge fogslat ¢rarpreh teepat @gr am

for a Peptide. é}ﬁe/ Cgeﬁiiggﬂydsit‘ép ﬂ?%@’%%e&%%%ohn‘nﬁ’énq Sth?ﬁfe&%d?t?ﬂe@%&w elrs gL, st%; (E’fgf and

DPPG . [00 Fs a p aseline 1ncrease in act’

total chol shptaking alvagom dr@cedsstiidicat thepetiph@alPaiptihideatidy sileiipitie apiom. ex
(the I|ipids_ beingsphingonyelin, DPPC,  and DPPG. and the conpgnents being
pr esent!0j n Eorgsimgple. tha Praphstal pdpinisteatiog site piv vigo iyehand 2 fepefogppasy 1
1.35: 1.35:,.Q. r jo t Hgg% i ] LG i.fa. HDL
fraction of rh:eéga 8';@]6 t%e?érﬂél ﬁ}% ovmp%lragg meﬁtl’ Elt?erl%{ l?g%%gfioacla%ggg ??jegy i@? lipid
conpl ex (t hesdlspindsllpedong Sehindgabstaitiatly nDRPEtuded, iHRGnianothemwei ght rati o

of 1: 1.2125: 1.2125: 0.075, and th eptide: |ipid weight ratio being 1:
2.5) to ra@&?@@f@&?fielﬁe@ @ltmévan@@q?vaﬁ& %téka‘%rﬁﬁgayg?%awaphy el ution
profile at bagaihaR, hdabke hbfmbeardc 2RiBhRdahliGtr-adiBMBY I altaQingflto 2- 5

ng/ kg of a Peptide 16/ 1ipid conplex (the |ipids beling sphingonyelin, DPPC

and DPRG i rfughepsingiodiment tbe bénelmorphagatic pra@din Bdminigzed aaledsttthiee pepsi de:

lipid weight ratio being 1. 2.5) to rabbits..[0028] FIG 9 is a plot of
i ncrease | r}nf)lfr_ggf“ﬁé)abaﬁ%% lgfsltrﬁfl%gsf%ﬁ?eoﬁgﬁ 15&?{? $6n of a Peptide 16/ Iipid
conpl ex (theoi4|pi ds ARG EBBHRGANUES intentldRRfFoviderh MRRGIIfr Beag@ht ratio

of 1: 1.2125: 1.2125: 0.075, and the peptide: lipid weight ratio being 1:
2.5) into fdsseedinragmbicatdyatysigasendly gimpnigtsyjngp dpne morphpgengtgpeoteinz@a( circl e)

or 30 (dia ./ VAl | I t..dose, . olipid

| evel s wer 2821 ﬁglﬁgﬁ?gééﬂhg@é& ?lﬁlée&fg/% %é{:@ dregﬁgei Srtl% %‘fa&@%_@%@ﬁ% g{%%%% g/L for
the fo@0 groHphdganetiep®idit (bt @dtidm atat sdmiiniBeratiNesitenta easeulan a@eas ma
phospholipid | evels. There were 3 aninals Per géqoup. Bé]@30 - .34 hours post
dose the vafyelrqiatlsddntorthepatest aAgeardiag g thy e a2 penistraengite Fl G

1A is a pl; ' (| ]R#@ﬁ : r j ng i nfusion
of a Pepti g%@“@%ﬁ%%@%?%ﬁt e ﬁ%ﬁ# g%%é?‘?%f%ﬁ’ﬁg% éte |%\AA DPPC, and
DPPG i n a werightralpytdcetedfdellver si2d &wut 2 cBilf2édm tie @indinisgradort sie. feptkateple) i pi d
weight ratio being 1. 2.5) into fasted rabbits at doses.of 0 (square), 10
(e ang! o) sosgdrte spay cabodit Bruhtyheie) KA TG iLe ¢ PHEE SRR dose,
pl asma 250t & foeNalhaad, eNRhd] #VehS MBI JrBRSHtieR:. 1BAARL bRBoYiCHRS tHA®oRe
subtracted to determine the increasé in cholesterol levels. The baseline

val ues r angeerphegamelc p@tdin isOBYIPg/. LAcTding tawamee @nbedinmahts, thebory oup. By 30 -
34 hours post _dose the values had returned to a value at or bel gw baseline.
[0030] FIG™Y °$eéletékc B‘iog 0 Gy RO e ey %&ﬁ@heftﬂ%ﬁs actﬁ%ei Sé‘geto rol

fol | owi ng idablisis@mticdf 18 aFPeRkdr@mbb8/mdnt Rifdr BRKYIEXdhinheratibmy, 8% fademg

sphi ngonyel in, DPPC, and DPPGin a weight ratio of 1: 1.2125: 1.2125:

0. 075, and dosengferhibitesidq ¢ffsices. wei potule gﬁn@tlon, bone formation or the like around

30 the site of administration, incident with BMP administration.
[0015] In a currently preferred embodiment, a composition of the present invention
suitable for ameliorating an injury or disease comprises a biologic agent selected from

the group consisting of: a member of the TGF-B superfamily of proteins, a member of



being 1: 2.5) into fasted rabbits at doses of 0 (square), 10 (triangle), 20
(circle) or 30(dianond) ng/kg. At various tinmes post dose, plasma free

chol est erwD 2bvmBBRSWer e measur ed. Basel i ne val ues were gabtusacto1v©
determ ne the increase in cholesterol |evels. The baseline val ues ranged
fromO0.21 to 0.27 g/L. There were 3 aninmals per group. By 30 - 34 hours
post dose ttheBwt uddarhdylof ét TiIGtef sﬁp:erﬁlrmazl of@r@tbmerankiedpmtebﬂlmhﬂgrm leds003 1]

FIG 1CCis_a p I ease in. in plasm esterifi

fol | owi ng .%I?P%%%a@fnoaa iﬁqilﬁé@e]}%?n“itﬁf mt adBTRPLof Lgémgewlgn

sphi ngony el 0 coddBRE Ca'@ﬂn ?s{eﬁheané’lf"&&mm Taldl @ Véﬁlp&nctﬁlre %ﬂrﬁa’i’amg- scdctd

0.075, and the peptide: |lipid weight ratio being 1% 2. I'nto fasted
rabbits at fdusés gbudcEsytiag ef 2 c&betélt, lamaatlb,et)qaﬂmr(mﬁdlc,laa)apparatirs (d| anond)
ng/ kg. At vario |rres st se ester hol est e vel s
et o e asur e BT TRE G P R Sra T sttt b BRoEVRFE Mo ace 1 n

chol est er olhakB\&iSctiohh®y Qlaéiﬁictdi‘ﬁl})/ﬁhlﬂﬁlscd’n@@gﬁﬂoﬁé’ QBFckb. 38s E&lt@fnl'é_)lateﬁ/ L. There
were 3 aninmals per group. By 30 - 34 hours post dose the val ues had

ret ur ned tdleéplmathdblomglwgebmsowaba@@umrﬁéfectlmt@@]mth@te an myry oadﬁp@@ of

i ncrease | I er. I 1.0n Peptl de
16/ 1ipid C'L(I)lﬁp oy ?P%éve%ff)tuﬁétg&b%pgrsattus 1 ada %d tg\ﬁleﬂgeragggélc% %nq G in a

wei ght rat Itmuﬁfa-ﬂ:ee bgidh2Fa saleaéaﬁlooaveis‘él and the peptide: |ipid vvei ght
ratio bel ng[ 1 into fasted rabbits at doses of 0 éﬂyquare)

(triandPe), 0Qb51( ci tranofhes asmpgt. (e RIRtREN VAR{IdRIsoproyides B f@irwgtl%st dose,
pl asma HDL | r ract ed
o deter m 8 Tha " Far Saes e S eH iR Do B HR kB R

chol ester oIwhtlamg;esdltablerﬁorﬁnc’ﬂﬁswmwﬁlh?nﬁe ginposifloas desveibed 8bcavei mbse per group.

By 30 - 34 hqurs daose the val.ues had r.etur. ed to a val or bel ow
basel i ne. [@&Oﬁlm the T b aa&ela?ra&dl?ﬁe&lg%@ 9 r?rﬁpagwaerﬂﬁf feBla
chol est er ol @l § ﬁiﬂrz]nﬁl AN R0 @indt, REPI G ol Blscdsb R B &BMY:8¢d (4 he |1 pi ds

bei ng sphi ngonyel i DPPC, and DPPGin a weight ratio of 1. 1.2125: 1.2125:
0. 075, land mﬁeb®QMdélseasemmmhgh$, os@belwnlsil dgedse, thetmatort athrist ed

e A DRt Phek? SRR pstiodbidnsnieBbeefds| Giobiallishe. kR 20"

nmeasured. Bageklagd Mﬁlaﬁ@ﬁatmrlﬁd@ébtca@@d%dieg&ledﬁw MR kdEcartagease in
chol esterol levels. Baseline HDL free chol esterol ranged from0.,11 to 0.13

g/ L. Ther e dgeerergicanpitgiler pastilage émw.ieSB\yldzi@easeSAquémﬁlan@bgatl’tllﬁﬁgéle:flrﬁés,val ues

had returne Me] 1 pl ot of

i ncrease in %rglgﬁél[eﬁ’h@%? o% I%cﬁg{légé% %‘f%’?ﬂebéﬁ %99%% Ssllsf)gn-e i Isdle%Eepti de
16/ 1i piod CS@IEBd(EXmé tﬁeﬁoha)mald&smeg@eﬁaﬂdnng@ﬁmabn Bnd E)lﬁRﬁie ofiinteriBRGriln a
weight ratig of 1: 1.2125: 1.2125: 075, and the peptide: | ipid weight
rati o bei nglises. ergsyerﬁth‘feodweéﬁwé tlaealatﬁw@ebfal ék§§é§tQ9P0@r(’§ﬁl%ﬂlé)‘mSl@d

bl asm Lot Vfar Bty clonith s AT IR I b ifim AR DI hIRTE TS et e
t o det er m nestudse Im mmn‘thaasamhodlmdfmlths i@n@lor Id&*eaﬁesto bBamehona&thhvd:rahmase

chol esterol . ran edfr mO0.17 to 0,33 g/L. There re 3 ani roup
By 30 - 34 IGORSCG90 NegEEnmye fongl AR b ronat (bl e o el vl S el b

basel i ng. [iQ03Rla & Faundd, Bedrdp@hP! B toPheur&E Inf %ﬁzedénﬂrlﬂb a8 MBefleRlnclds @8d
chol esterol follow ng infusion of a Peptide lipid conplex (the |ipids
bei ng sphi ripoonpedlitins, Haﬁmsonamﬁswc@phﬂnahmmsgh@te eatlargcating; retingd 5e&ring., 2125:
0.075, and th tide: |ip] a 1. .2.5).into fasted
Cabbits ar GotelE fRpes Rl S Mest R hfstoyh 99 pur Ehei s8R G anona)
ng/ kg. At \@kipesisioh lcamnmsﬁoldgaaa%erﬂh@ﬁlm dalunt E@EHiCHE) QeSO luniérell
nmeasured. Baseline values were subtracted to determne the increase in
chol est er olpfpléﬁ?@tlgn OBREMNGtY BINMDrCgIEEEOc hol est erol ranged from 0.06 to 0. 11
o/ L. T re 0 t he val ues
had r et ﬁr ne[gﬁf{'/ﬁ a Wé&g{lg FJSP%%1 nge%é{nt%gventlgn c&ﬁ%ﬁla%g%etﬁi d%%f

systemic treatment using proteins such as but not limited to those of the TGF-3

superfamily which are minimally invasive. As used herein, “systemic” means non-

local. The skilled practitioner will understand that non-local can include a method



[0036] FIG 1IE is a plot of increase in plasma VLDL total chol esterol
follow ng infusion of a Peptide 16/ lipid conplex (the Iipids being

sphi ngompEDI210/@BRE, and DPPG in a weight ratio of 1: 1PeTAB2010/020186:
0.075, and the peptide: lipid weight ratio being 1: 2.5) into fasted
rabbits at doses of 0 (square), 10 (triangle), 20 (circle) or 30 (di anond)
ng/ kg. At waelidrehysa prons opahitr Woseiyve phas iainihdicet od akuljémlaes tiagellocuhs
nmeasur ed. Basel i pe val uefi were subtracted to determ ne the_increase in

chol est er oIS F WP & PEAQLITHED {7 HRCHRACE! PETYIESUSISHP: oM R B9 WY 0. 04 to

0.11 g/ L. TherReWoF treuBRLABNRolRPod P FAMR thBYjudQ singdé 1R, plgjéterﬁfese the
val ues had returned to d value at or bel ow baseline. [0037] G 1lIFis a
pl ot of i norerake naanpha sinmapdubt bfood devehoifestadmohisteid| thevpaytic pgeiaon of a

Peptide 16/ lipjd conplex (the lipids.being,sphi.n elin, DPRPC , and DPPG
e vedgntrristl 6 G BRof g SRt nlshud S Slshte SRAMRGETE sipaentf o

wei ght rat it Gf & sitindd pdtithOs bast Rehot@ROhttBe dtc Tg/SniMatnlsquare), 10
(triangle), 20 (circle) or 30 (dianond) ng/kg. At various tines post dose,

pl asma VLDIpreyidmgdhesprastie biodieelhefaan adatinisBaxsitheiapeusiglagerf. Werused hereact ed
to determ ne . incr el . vel s, ) r
cholesterol%Pgﬁgggh ?%%%bf%?ﬁpg&%ﬁkﬁgg%ﬁ%g¥ﬁ <%k§%§§u “%%?%%kggﬁgﬁzgroup
By 30 - 34 drilledpraxdisibnetosié] unldersiaal ves sivhométbdy da@dndlod@préaddueesdhvaivingel ow
baseline. [0038]. FIG 12 is a plot of the increase in plasma triglyceride
| evel s ol [a@vingigione esingiasation pegpedieal deyicelhi d conpl ex (the 1ipids being
sphi ngonyely DPP i 1 - At | . : 25:

0. 075, and [Pﬁleslpeptﬂl1 %%mﬁ ‘fq;&l%gh lg\gf%ﬁ?@drgﬁllsoo(ﬁ%%?tg’ga eélgd égg%%télgmgoa%gl ed

rabbi ts at idmseisorafise@sddstpsar @mprisos (hicrsteproglpe)vidiaQ t an adrhmjstratioBfite(adi anond)
ng/ kg. At vari ous. tines.gpst dose, Elas trLgﬁyceride Ievg#s wer e

measur ed. EREWOMAEN GNDE n%ﬁézwg?giga T A2 HONPYIGUIBEPHTEUF B t he four
groups) mra‘ﬁnﬁﬁﬁ%ﬁﬁ%ﬂ%%g%&t datgsdd Jb%setl,hié‘hér&gj’o%%@bi'olb R AsABisdeligly Ry | de

| evel s. There were animal s per group. [0039] FIG §3 iI's a plot of the

i ncreadé i mnpinesmbcifbitive teweat iyl wptret o dibevel tssshohndthi agparatisisiadapted a

Peptide 16/ . pid conpl (the ljipids. bei hi ngo i C, .and DPPG
e wei ght® Y HGFAEnCt) aieiina-|r B 5i0n s UG BBOL ATy Brosdeap BE iR Sy

wei ght rat i@nligisgtiok: sitd iSlenlodd Romaké ecudlaRBbT eldleryd@sas bRlogk Q%w amey), 2.5
(triangle), 5 (circle) or 10 (dianmond) ng/ kg. At baseline and 5, 20, 40,
60, 90 and profgrrad pmbediment, dic dministatigngsitcHea periRhsrdnitepl asma HDL free

chol est er ol els i i 1 o]
ot er i ne. tAEHRCr LELRITRRALAE (PRGNS BhIRES, AbBIARL RS o
ani mal 20perdigheesep at  AOAQITIFELS to pAidesa BioPlghdallpkffactiidiIote ged sieatmeat i on
chromat ography elutiqn profile at baseline (dark line) and 20 mn after

i nfusi on ofToN thepiteed dplaysey gl apartipylalypiesrsdsrmbodaent; the Biologds pgpnt

sphi ngonyel §: i et L X 125 1. 3125:

0 075, ana THE"Senc; e hPTeg LB heeal Bho QR ncyelpigpaich 8271
Y-axis is tdebvatysdae ptsubstafitiadin ddbmaifrdeiand/of s@stanhellestertoibedssdy of the

| i poprotein fractians %Iutin% fromthe HPLC ﬁel perneatian cth{atography.
The peaks f%ﬂﬁnpmls?do Pivghinothsy-ihs pemyaseyley %S“\@/EbElFarL%lf‘ HSENHE fract i ons.
[0041] 2l Ggeli¢h %ﬁe%s%bﬁhmﬂﬁWQRmHE%ﬁﬂ&ﬁhagﬁﬁ?ﬁﬁ%ﬁﬁQdEW%ﬁﬂatOgraphy el ution

profile at baseline (dark line) and 20 mn after infusion of 5.0 ng/kg
Peptide 16/[002Q]i d bompithex cprrerglyl prpfedsd bembadinsphoiigo mpehiion, aDRRBYd aind DPPG

in a weight _rati f 1. 1.2125: 1,2125: 0.075, .and the peptide:. lipid

wei ght 1 ot 15eBBiR g7 n fugy 8F aRiasha FR katpddRid sl RSB BT Rish Rt ¢ ne
inline fregithebepbsifioh caipadin®h btoh@gTi& hRoPER] @IRCHAEtd antrgldiouig from the
HPLC gel perneation chronmat ography. The peaks fromTleft to right correspond
to the VLDUelivenw sgpéherompopisien seesthaf igpma tissyeantegnty; & the deligeryditctihe

i ncrea i .chol . . f.9l.4 owi i j f a

pept + ae016/ PH R Rty b By FA7 T B EE Ahod SR By ot MR ol Bop
in a wei ghtth¢ aéliveryfitelit atat2 h2®in dn 2@t cfFe@RB, to ek thh@jpepot digeaskd pi d

tissue. In certain embodiments, the administration site and the delivery site are the

same. In other embodiments, the delivery site is remote from the administration site.



wei ght ratio being 1: 2.5) into fasted rabbits at a dose of 20 ng/kg at a
rate of 1 mMVmn (triangles) or 0.2 nL/mn ( dianonds). At various tines
post doseyopbuyso2siDL free chol esterol |evel s were neaskcediS2Baseiinane

val ues were subtracted to determne the increase in plasma HDL free

chol esterol levels. There were 4 aninmals per Peptide 16/ |ipid conplex
treat ment dnoup cumbitlyeprtfearé cibodinzngnhasieofpelivereln aboat T calommstreagn oup.
[0043] FIG_ 16 il l ustr | ots_of the kinetic roflles of Peptide 16
(upper pandf¥}] thoy ! eppra Py | In s elapiy REafey daer%b%il% h%l?.dskl‘érm ower
panel ) 1 1 JialSvanthe haRRLR! 3h Sndihlid MU 5.8 Fardlasie BRI B @ti on of
Peptide 16/ 1ipid conplex (the lipi ds bei ng sphi ngonyel i n,” DPPC, and DPPG
in a wei ghtsuffati¢nd t@provideh. talpEically eff@five og78 a sanderhote fmpthedée of i p| d

wei ght ratip, .bein Th dec of Peptide 16 a

bhosphor: pi G Syt PR uRroted it B 519%18 S DATEES B Bt i de
16/ |ipid coraplegx-abdinel Hl/Afd.i Eﬁye@ﬁn&tﬁ&eﬂféhﬁh%ﬂ 1@@&0@1&(@3&3% g &ach
data point represents the average SD (N:3 rats/ group) fl 044] [0045] FIG
17 il ust r anaveppwt apperatusHavidgriedistel gndorith @sonflapeging denfim E(tu)@per panel s),
free chole I I h in male
and femal e g%@ foﬁlgé% rﬂf{h%)t?a%i}% gepagﬁl%nslmgttlg\é%%t@ﬁe%? 8%3%’# de 16/ lipid
conpl ex ('t hgeteirpd dﬁaldgect m@nsmBMgonMﬁil mﬁLredQBRﬁ:sea@etaiChoBHH{ﬁetarmzed welughy theat i o
of 1: 1.2125: 1.2125: 0.075, and the peptide: pid weig rati o being 1:
2.5) orlOpayupgntlypresaredinbinst of ﬁr@é@rs%&urﬂéﬁwr&é oaél/seqs%rlé%@%b%ﬁn lgany
second day evel s
T plasm, ouarr iR e R AR R e g OBIhl % RPRRRRR 2hfal o

The ki neti dsasoﬁbdult 66 lohol, estrepeiferalslg apkeeﬂahbuﬁtcﬁ hdag lat Iéastabpmimoum[foresent S
t he average N:3 r.at roup 046 8.illustrates plots of the
ki netic prcﬁbpvtels %Pﬁﬁéﬁﬁg‘é{g“% %%dp F‘%? SHeginsemiG] Bepargl (niddl e
panel s) and,RhsRRP ke 100 PMRIoRERIfDlolbfic ABLR, R0 MBS, SRPF®! gus
monkeys followng first dose adninistration of Peptide 16/ |1 pidconpl ex

(t he | ilpi dniseigngm sphbhany o0 ali¢ragraPPROst praterdPPE0 micogweingtabeet300 of 1:
1.2125: 1.2125: 0.075 and the peptide: Iipid weight ratio being 1: 2.5) on
Day 0. The BEERY8e of Peptide 16 and phospholipid I evels in plasna over
tine indi cqpedihe of arimnasef, tlfééﬁ b indBhtidn DPproOnIps ©F a f3RuIkidet | cs of
free chol esterol are present ed ch data point represents the average SD
( N=3 nonkeyeoMgrising)a. 1?19914:74]g61|11| igampgni qfqugw rasscliorale §ssuP IRy Kjdiseic
profiles OfvcvjtF‘glfssﬁﬁaﬁigf&‘{ﬁ?%hﬂﬁ‘é‘ﬁeﬁ?ods %s%ﬁb%l‘&lo%tero' (m ddle panels) and
phosphol i pi In male an e cynonol gus nmonkeys fol | owi ng
nul tipl2e dgee2xadm i afotiasriagiecoithdFlaptitide pl@/ldésllﬁlsdblcmﬁh systdrhioglly i pi ds bei ng
sphi ngonyelin, DPPC, and DPPG in a weig rati.o of 1: 2125: 1.2125:

0.075, and atdﬁémﬁf@ﬁflg gdong Flﬁﬂdloﬁ%‘ie&ﬁtpr‘?tslﬂlﬁaaﬁ’épﬁé in nees th§re% Ippe26. These
animals re P i 4 weeks.

The decr eagegﬁo ﬂlﬁg‘gﬁu %%ﬁga%haggsp %Hrgﬁ%f% ?(&Ecy rg{%?ﬁr)]é}ﬁefﬁé{ gl\%r tinme

i ndi cat e t hasallgacesss stradtutedpt patgphd@l ivhplpitelticoimpzl p}msntTﬂe akiahehatge of free

cookens: o GEa S FERIET R BRSPS BB EE Ps The
pre-dose vajoe niip mig@ﬁéﬂ% éﬁr%ﬁl toqn@faﬁfeh%@Ipehﬁhéaaaﬁ{l&gum&le 1Rhi@knd T eat ment
with the Fornul ation A, C. 6 ani mal s/ per group were sequencially

sanpl ed at edeOKiHn@mth@‘ unmupfmmmVl{l@mg?} pEHhBT azlmnlmatwnpdndta miinttdie i ncrease
in plasm sterol in C57B1 ter t eatnment with the

For il at 1 orfoHoeg 0 SRS orphery ol o B & et R Sl ed a

di fferent tidienio@itidnsin hBRRO] Inkl fGrthar cbbddsmentPthetbosd mroﬂﬁlo whiciphgei@ase from
the pre-dose val ue of plasma esterified cholesterol in C57B1/6 mce after

treat nent VBYR-T hla yebp fthet poRodimept, thy bane ngorakrgenttiy petreinyisdugyvided i@
Sequen CSIOal ! c%nﬁj%%oﬁ go@l{)rlgﬂlé fa%ﬁﬁa{%tle Igﬁa%age%ltlggll carrier.

[0024] In another embodiment, a kit includes a bone morphogenetic protein and
instructions for systemically administering the bone morphogenetic protein to the

patient via peripheral administration. In an another embodiment, the kit further



[005 1] FIG 21Bis a plot of the increase in plasma esterified chol esterol
in C57B1/6J mce after treatnent with the Formulation A, B, or C. 6

ani mal s/ p&oO 2groogpe2der e sequenci al ly sanpl ed at di ff er enPCriuse01p024106 .
Detail ed Description of the Invention / . Definitions [0052] "About," when
i medi ately preceding a nunber or nuneral neans that the nunber or nunera
ranges pIu3ndndmmnmﬁmha%6wﬁoﬂaemammb&umu&mbupmﬁﬂ&nﬂmapgﬁmnbmﬁnaﬁmﬁmﬂ to

1.1:1.[005 Al k s, used herein un|ess otherw se defined, refers to an
opti onal | y%ds%%ﬁlw SEIDSSTFNL B HeRRRERE TSRS BYOKHR 1S Pri-or cyclic
hydrocarborgpgs]i calrpe F&f@g(ﬁfi‘é aﬁh l¥ler Eraﬁﬂ&satﬁlra‘ﬁvﬁtﬁ:gcgeg oF (1R ﬂ’iyénti%h%' RRlthat
include, but are not linted nmet hyl , ethyl, propyl, isopropyl, butyl,

i sobutyl, ﬂhbunvnumpﬁwﬁyWﬂlb@mp&ﬁ@yyunmawybdﬁandmtﬁ@khwkgﬁgwm&sone

enbodi nmgnt s g 1¥ groups are (C-C) aIkyI Unl ess specified

ot her wi Se, (?ng PRyT‘I@ BRsubstituted. [0054] "Al kenyl," as used herein

unl ess otherw se defined, refers to an unsaturated branched, straight chain
or cyclic non-aromatic hydrocarbqnahﬂaipahmﬂﬁuﬁmg one or nore carbon-carbon
doubl e bonds. The one or nore double bonds can be in either the cis or
trans confornpation, Typical alkenyl groups include, but are not limted to,

ethenyl , pri@%8lyI, The Bissep dmention ishasA on the disgpwssy that p P?EQHHIJ%@II&PPG

pentenyl ) p is
(C-C) al kenypgéefgpg%r]to%Ammg)/lEMP?;%E%E%IB eIdeguﬁﬁlgﬁr?Ilg] Hgt Egrﬁ{ﬁl L e,
refers to aonunsaslumathedt divarse kEfdctar P&bm«w afhhe prlesdnn 1ﬂv¢dm(mcpmhnm nmddiple al
havi ng at | egast one.carboncarban trjple bond. Typical alkynyl groups

ncl uddd b AdaPReaRONF A G PEBPhE A ISR arb%ﬁfﬂ@%%f 58Py ny!
pentynyl, hoxymyd thah eﬁt{&epdrf)d‘s@s whthoR QA RFRLETBR heretd B MskyBy! group is
(C-C) aIkynyI [ 0056] "Aryl," as used herein unless otherw se defi ned,
refers to aTmeCIﬁdlb'omiplhyrakmb@wrtqus edmanisration of BMRy swyls aeBMM7 whing owaeh at om
within the .rin thu nco | h teroc i c_arnomatic
M hgs. Ty pittisi Peipshsbearipiisd ™ i R0 ToToP s, CacrHeH P any |
napht hyl , apédnessath 1nciddi'it@g"' bui Iﬁﬂt(ﬂl@ﬁ%% dd@ﬁllazﬁ%tﬁms | ad Fb@natioh A BbROAH A&
|soth|azole i soxazol e, pyran, pyrazine, pyrazole pyridazine, pyridine,
pyri m dibne Caﬁ#ﬁgﬁvlne‘md ﬁwuﬁlélbpﬁll the vesyel and psriversulaglisswed atrike sitpafibe i zi ne,

qui noxal i n I I t | group
i's (Co- CZ6%ntr(t) c‘%ﬁq oFthe%@ng%EﬁchPga@lfeter 'Th}%]gﬁd%gﬁ?a%ﬁjé 14 egfelcgss %gec(ﬁ[&é

5- 20- rrenberlﬁﬁctﬁtﬁt @ﬁthapwteln liito eh@amearet nzenthan oﬂcdt&tte/mamyfebgr oup is

5-10- nenbered heteroaryl. Unless specified otherwi se, the ary

unsubst i t utEacssitgmgAse ﬂf-\ménkQIffererg@eugl@aaIW@?S@ISﬂleaﬁlrné 42 a%ﬁ%mml%@n&éf i ned,
refers to I

" Substi § ot e erRER TP oRP SELLLLEG cibiBeh, AR Klin i Betick W Rlopment of

ref ers 200 esluclahdogelrsemffeatrsplrec@;d@s pdmmisttutioh nome than omuaf perofecktasd mfttr dge ﬁ at ons

are replaced. wi.th ano r.s i tuent., Typic stltuents ncl ude -

"o Nrariqp SR i G kRO oGty RO ety oyt R ) NaRa,

mhere eachlﬁ%rhéaymg&pgaggntly hydr ogen, al kyl, or aryl. [0059]
"Hydrophilic Pace as used herein unless otherw se defined, refers to a

face of t he0BT]i x Iﬂhvagemwrereatlbn eregtloitptlie dpmveu'y:ﬂ@ha*rlmtl@travaﬁmm
FWdrophobl f.ace,. ereln un e def| refers to a
face of thd BUPPS 688?% ﬁ%\e/ %pq% AP W a%éw Bﬁ%ﬁPﬁn%lI%arlzi BdPimE H5RE A
used hersei Mnibety dt @ﬁe%clmamgelmrﬁgltebsh@&ldlbe%mt@ntlaulbmnmmm@d eanisnidl - NH2
groups is zero where R1L is an am no protecting group and is 1 where Rl is
H [0062] A4 thesasénahdelsicry sikseAny eff e pratejn deska Aronpe Mic vensohiiato thqyeesselnber of

itg”l"' nal - GBI AR suftofflifly WAGEE 1Rk th uRISRLPONNs B QLRS! ilgsidr AP and

formation of bone and/or cartilage in and around the vessel and/or perivascular tissues
will occur. Thus, practice of the present invention involves directing delivery of

30  protein into the blood downstream from or past a point (for example, at least about 1 to
about 3 cm) of any trauma or damage (e.g., the physical injection or vascular puncture

site; the administration site) to the vessel since such trauma or damage permits leakage



where R2 is OH [0063] A "mammal," as used herein unless otherw se defined,
refers to a human, nouse, rat, guinea pig, dog, cat, horse, cow, pig, or
non- humarwpromavag2ssuch as a nonkey, chi npanzee, or bab®om/Uskerooe06
enbodi ment, the mammal is a human. [0064] An "effective anmount,” when used
in connection with an ApoA-I Mmc is an anount that is effective for
treati ng orofphiemettin ingo the Gamndis bif dre. vep@065intd' sdtouhdiag tishek eSMlenlracticad used
herei n neans the._anpunt of chol esterql having a free hydroxyl_ group ("free
chol est er o|aS)de%%@Pg‘ﬁgreebmedPﬁ@alowewhq?ﬁ EPJiBLeHbg?I’cVFW 81 § freprat QEHed  The HDL
particles GRBPEH{AiTEEe bf QI RafPaR /br MulthSindlédd ) GOBRY G pEARGARn " HOL
total cholesterol,” as used hérein neans the anount of free chol esterol

pl us the amdutimt blobd ttrotle stseroptentatic herainh herioyonkiog irowpres pficemeat dfeen

esterifi_ed rifi,ed ch Iest r ol t hat. s cont hi n

ar t1 cl 8s. io1ETe TRPElng ORET P S g bR PREEP N e ngBh 1
Mmc/ [i pl@t@%&h@%m FQQQK]: verﬁﬁﬁﬂt@ur@@itéj bues aﬁllly%ase AJecddb oh@ﬁﬁ‘y n unl ess
ot herwi se defined, includes geneti cal ?/edenco ed am no acid residues and

non- genet i daduoydérﬁ@@aé@tf@meml aorxp@p tb@§ath[e®®6®}le Awishaw the nesals ofor t he
genetical | yo%\?v@@%gﬁqs @m Fg%tg@ieﬂﬁgﬁ%gl ﬁe‘éﬁ?gffﬁ%{gﬁ%&loﬁ ﬁ‘toscﬁév Quth in

Tabl e 1 bel n- gene |ca am no aC| I esi dues

i ncl ude, butimas endBithdd tm[tetaaeti pﬂéferﬂ:lffllaﬁll&hﬂ%bétb 1Abapout2, @ndhéeddipebradli oni ¢
acid (Dpr) ni pecotic acid pecolic acid (Pip %h orni t hi ne gOrn)
ci trul 10ne abeyt3 emo phauy Ha@rraﬁp%és €affasum}0 abput 6@19% sy Hiertde of vaugneture

N- et hyl | ChA) ;
nor Teust he TRIEPRS b EhicdRREME Striie § HoblachxEbAENR AN TR (05
2-f | uor ophetigthattafhng) (oPﬁ@(n%eEl):)and Bathétbras oph aﬂyﬂedbmg‘th pécdtRbe(Bef)are

4f|uoroph ani ne Phe .4-F); enicilla (P

, 2,3, 4- tet({g’éFﬂjJ&Pbﬁl&o&} }eﬁe%g& Ear BE% TuaEWSEWEF ?ﬁ‘gﬁpaﬁ%ﬁ Any REEPRAI ani ne
(ThI ) et hieni pg, l§é1&sfe9>6é ehéﬂ@@rmshfégpéféeg'aﬁdl/BPth(eh‘d’%HQr wvelih) @&R&#lcdlb&s' ne
(AcLys); 2,4-diam nobutyrt¢ acid (Dbu 3-di am nobutyric acid (Dab);
p- am ndﬁhertw picéniadevefsehes o ylHR) the shbowtis hiyan erdiemty. (IVEVaI ); honocyst ei ne

hCys n I ani n h honoserin rol i ne ;
horopt o i ndOPEy o) A 3R R bR A Bt AR bsrteh REER Rghidgat ™
f oregoi ng, (Re@in foRnBatib@suifabldFor miriMaRy-ifa6ive sydeerfictdelifery; BURding- t - BUG,
D-Melle, DOPhG D-ChA, D-Nle, D-Nal, D-Phe(4- O), D Phe(2-F), Phe(3-F),
D- Phe( 4- F) ,fomnpation prameterspugives WW@pl@iﬁmdéor Reanyrstiopicpme it pefby.

D- Phe( pNH za)s We%%ﬁ/é’# JR’ 421%‘ ﬁlstrg%idglpg}%udpfo%%[a’tloﬁ} %Vdoegfe%ﬂge E)O'SQE Oof tl% her
non-genetically encoded  am no aci d resrdues in op| oni ¢ aci d;

4- am n@out ywaine adednplished iapemopil sticrcd fdofphulpion zangeRendlor eat@g:c;fd (azPip);
aza-proline (azPr 0), a-am noi sobutyric acid (A b); e-am nohexanoic acid
(Aha) : d- arAdABYETENe aci d (Ava) N-net hyl gl ycine (MeGy). [0070] "Chiral,

as used heUﬁbith G &l thd 9va‘i‘1'a {E‘pré&hﬂcarl%?'dgﬁt%’co nﬁg%t%%ﬂﬁeﬁ&% Cal

resi due having at |east one c iral ‘center n one e ment
am no aci d systsimfludis¢ase statek caurtil bonefa ifebnx BMRjﬂnerapExtamnhwm’ce bf thiabovaci d

residues in but e not limte Al.a, Ar

G o s, 1eeseagmtydSptprowh o Siurmic g Toys ShuRlmatcs o
Dpr, N, %’ibart@ufar thetBbilic JonBYfEecade iﬂcﬁdnf?&neg’lﬁed M ®ell %@h@n-ﬁfi‘%ﬂiz@ﬁ)
Phe(2-F), Phe(3-F), Phe(4-F), Pen, Tic, , O hArg, AcLys, Dbu, Dab,

Phe( pNH 2) tlsmallffecﬂe@l@rebymepf h&ﬁcaﬂy@pome hAdditionnlly peccéintseti ment , t he
chiral am no acid residue is a D no,.aci d sof an1'no
o 01 eol B RRNCnEERSY By ot SRR R R b BRI A NG R SR ko e
D-Cys, D GencfXifllibelu@nkitiSsucPahd/6r orfPatsedffected lbysdiscsdyRir dls@rd%ﬁﬁsucﬁ)aﬁ D- Ser,

D-Thr, D-Trp, D-Tyr, D-Val, D-b-Ala, DDpr, DDNip, DPip, DOn, DOt
chronic and acute kidney disease, atherosclerosls, pulmonary fibrosis, obesity, diabetes,

30  cancer, ocular scarring, liver fibrosis, inflammatory disorders and nervous system
disorders.
[0030] As explained earlier, when an agent such as a TGF family member is

injected directly into a peripheral blood vessel via a needle and syringe or using a

10



Dt-BuA, Dt-BuG D Mlle, DPhG D-ChA D Ne, DNal, DPhe(4-A), DPhe(
2-F), D-Phe(3-F), D Phe(4-F), D-Pen, D-Tic, DThi, DMSO D hArg, D AclLys,
D Dou, D-wabkpi10popize (pNH2), D MeVal, D hCys, D-hPhe, D rBgrgs2@oleg496 and
DhPro. [0071] "Achiral,"” as used herein to refer to an am no acid residue,
means an am no acid residue that does not have a chiral center. Exanples of
achiral amsemdacl 1dtresmndutetempnmlrjudz&hetbm(ta cathetenahd heaaic mlhvblty de@cy), things A b

Aha, Ava, Med ZPj an Al i atl no i d. resjdue,’
as used hersdid wih {;fa@ﬁ% gaizfl%@ftélp cdip ROt HEOPk s due
havi ng an ahihhahi ¢t bBMQé&Q@EQﬁ[hg%h@%ld(:Q@hﬁh th@‘lvbﬁlaﬁéﬂdcpe%?h%&gla@ﬁhﬁeg)%s' dues

i nclude, but are not Ilimted to Pro
(P), azPr o,th@sips ofgh@introdbetimnapf thg igedte-aBd /Ay cathB@G(e gveth ecniPhpturilisas). NeVal |
Inp, Nip, hPr D-. Al Val Leu, D-lle b-Al a, D-t-BuA, Dt
BUG, D bt 1kentstagitecleR dRlively of N p@tﬂn&a era?ﬁath%‘leﬁ BrEdiTg e
enbodi ment ,th¢ h&satd RARA if6r AIUND oPRbEE e SToAEknipie, PAstlth AGTHT VAGdeHpliRBirdue. 1 n
anot her enbodi nent, the aliphatic amno acid residue is a Dam no acid

resi due. | rthanoidebundesisesheffestit of adhmadfibrptiatand faumation o beng @Eﬂ/@w@ﬁﬂ%gean
achiral amipenAgldind ARG 073 AL ORNIL Lo ARG, BEhG AR due.
used herein unl €ss o erw se define 0 ‘AR am N6 acidr esi due

exhi biting camhmredrahﬂianﬁﬂrﬂeyha@é sitcasfshd imﬁdmro@ oaclmtdédmgmﬂ@r thetooraznl i zed
consensus hydrophobl cit ésca e of Eisenberg et al Mol . Biol.
179: 125914 2Villgamdpmioor dyme 96 skilliig theest, disgecs Hé‘fqziﬁréi is Bﬁtena@ré upeR thej ni t ed

op (0, Ly ket ool et i 8506 MR 1, (9

Phe( p- NH 2)§ crh@ykngthSend tdipp, wHordas the ippEhforclinibef a d@ Hiag jitsddf tAeasurdX Asn,

3 Ec Eys > ASCE%L &@% %”3%% @EndpapRP%Yets}sglﬂéf}é‘dgé‘ aesgwatg%g%ﬁg

hydr ophi | i AT {RGHE of SISO tHY Gc HUdn@AiSir A, IHoTipl Fdnd Gathded- 4
| ateral chain anal ogs having the follow ng fornmulas: wherel nnis an integer

from 1 1o 4anlbn imgedatdowit Aem heyphe theydnd pi atingisratino paor o debsemyudnas an

L- th h d id
roatdue | o BT RG aeTd RA dusat PR ERBE RN EbobmeRor PR aRAR | c

amno acid fﬁﬂ?hﬁb&@ed ﬁtr@ﬂ'uc@@hée@le ﬁﬁrm@d@lﬁdeﬁngﬂ% sﬁ!l'é@canden anot her enbodi nent,
t he hydrophilic am no acid residue is an acidic Lam no acid residue, an
aci di ¢ D ariP®dllaci Mareasicee is owlaredaisahsrahaicinagspegts abtha diventies fudther | n
anot her e ¢ Lam no
acid resi gﬁgahggaggI‘OtélQ&rﬁm?{ﬁ%Bac|t%]ﬁe esP&gH&ﬁ -mQSsglz sélilgtegg%?gg% %%aim no acid

resi dueo [ G8ddding Hydiudgioalacanadterd QuacischH, estigieats andsor dseddntretici to nameess
ot herwi se defi ned refers to an_am.no acid residue exhibitin

hydr ophobi AU § To¥- agredkasithe ramotadminiseainngtgch rowmiatiaps srd ?Fg%HV% onsensus
hydr ophobi Cdo%%ge% SRR s gfcne Bk fshéd vi %%ﬁﬂptﬂatld}{tuf fotanfhtj Qn#]]e@a%gtérs Jaﬂﬁ/ or

Hydr ophobi c no aci d residues |nc ut are not 9
Phe (F), Vahteswadrhmwtr(auon Trp (W Mt (M, Ala (A, Gy (Q, Tyr (Y)

b-Ala, N NI Phe( 2- F)
Phe( 3. ), BALTA 75 WHE bt clingil A B o REEins S1hib Q0 o B aci d. 4
am nobuytsr Y'(ﬁhé‘%éiinbérﬁ@f th@"I@F @E‘@er IR, m&pﬁéébns Qird 1@11te@tcﬂ3)‘é‘al D- Val ,
D-Leu, DTrp, DMet. DAla DTyr, Db-Ala D t-BuA D t-BuG
D-Mel | e, Dl%h@caliyehﬂasnmwlpéantamomfbr 1n@e1@hg(04>alclbo)tle g@ﬂh@@lﬂi@alr prePheicd- F) ,

D- Phe(4- F dgppob
ot no et adernisaBTt ¢ ngpbs s e e o R M AP REP e ©

havi ng t he Hegbfi@Wi MheéOmbMLasut arafgh MiREEiompPlitasioadin méeBElc Hdn@raﬁsbage@ 4. In
one enbodi nent, the hydrophob| c am no acid residue is an Lam no acid

resi due. | inglnéing avnerabendi averall asta-ipardipebtsseceaifastddberaby. cAfdigenslly,
D- am n%OaC'p(iiegh%%aﬁ%%ear&l?ccﬁﬂﬁhl@% u%ﬁ;%f) gf iﬁ%&nlc hﬂ&lSQ%ﬁEéﬁqu\ghﬁh %Nﬂgo aci d

resi dué
therapy can be beneficial including tissues and/or organs affected by diseases or

disorders such as chronic and acute kidney disease, atherosclerosis, pulmonary fibrosis,

obesity, diabetes, cancer, ocular scarring, liver fibrosis, inflammatory disorders and

11



an achiral am no acid residue. [0075] "Polar am no acid residue,” as used
herein unl ess ot herwi se defined, refers to a hydrophilic am no acid residue
havi ng a wode1ox9ad28 t hat is uncharged at physiol ogi cal pHEI/UsSat10ileh has at
| east one bond in which the pair of electrons shared in comon by two atons
is held nore closely by one of the atons. Polar am no acid residues

i ncl ude, buterane smd%mldlsmdem Inaccodimoe Mith Gt re§t@ent &euckh Sjsaas'Ehnsmg jhe G t,

Pen, MSO, AcL hSe ) D Ser, D-Ct, DPen
D-MSO, D- Acnz n‘f IBV%W dnawatrﬁwi%@’?ielrs gy @Pre&}ﬁt od&iths i ncl ude,
but are nOtopltlh{E'l Eﬁﬂoédﬁ Pgwébe{ ,AhEpRbent 1R ANRMAGScIRBYh P hat BsvERlidRAM Ng

formul as: ., wherein nis an integer from1 to 4. In one enbodi nent,
t he pol ar amn‘motljacmplorye@ netheds of asrstdmlaﬁdmmls;tmtldnrselsh dudiredt peraprordier

enbodi mgnt t he. tEOl ar, am no%%m d resi d,iue i S f D-anm no.aci rem% e In

anot her QISR (R & RPCUANRES AR P Y %G b MUePgionel pIRMISHIAG aci d
resi due. [ GUdfRdr mAgmel? @nt?d%ﬁt%s%@hﬂmﬁt@a&ioﬂliﬁmg 23y riH S8 SI R it 8SiSional

ot herwi se defi ned ers to a hydrophilic am no acid residue having a side

chai n pK vabtisgoneodied san hass undesiablei affeatyi msludiniedhe fosmetiew of sawniabene have
negat i vel y oHa% 48t Rid% SRR Ao PSR ARL B S:cli%ed £33 Rlurly

ydrogen i on. di'e 8o "ac g T st aues o,
Gu (B, A%pclﬁ@for Bxdohple pariphderl Agpma OAR &Y emdlm&elWhM)a I@di‘bld§thb lpﬁésa@te but
are not limted to, Cl |ateral chain anal ogs having the follow ng forrrula
wher ei 10 ilBvention selafgato harefafore-padegeribed iy %6@#%%%“{1&@%@%%%
acid resid t he aC|d|c
am no aci d%(r?feelgtl% gg ﬁl}cél?tg% © gﬁlﬁ%g' glglg%%%@tehn A ne?gﬁ%?t?ﬁia %&I ment, the
aci di ¢ am rmepadilly a metaihwects marrandliccdb sarh asdvuanotdlmm tdueBMPOQf7/ig] " Basi c
am no acid eﬁédu%, ) aa used herein unl ess otherw se defi neﬁi ({ fers to a
hydr ophi | i dUBR§ABdEsioqd thad iy avinkg % WP ERICHRIVADR CPRicaP e E‘?r@élt er than
7. Basic amjR@n&GhdulesiafpesnterRics @didal BayRrposi tively charged side chains
at physiol ogical pH due to association wth @ hydroniumion. Basic am no
acid residues include, but are not limted to, Hs (H, Arg (R, Lys (K,
Dpr, OlA, rﬂp@giwntmludﬁr@(%pnwﬂmrph@miegc Pwtﬂ'ng D-Lys, D-Dpr, D-Qn,

D' hArg, DBHPH%] I%bbrlee}"n t;%? é) CFS?Igt IH@M&% C%Iltg]iﬂpﬁ]%@gt%ﬁstla %ggl Bho?\%léj %gret% isdues

i ncl ude, are no iNAR

fol | ow ng fRst@Hadsous O0Re Sk pRfinactOLe dg@ﬁﬂ@a@{ﬁlﬂﬂﬁhll@f‘sbﬁlbldi]ﬁ’oféuﬁ Tigat an
L-am no acid residue. |In another enbodinent, the basic amno acid residue

is a D ani rid aRFEIee Sicdemic aget HoRREin ’é‘ﬁbléd}ﬂ?ﬁé%ﬂtlaﬂy msolklg &t pPhwsiplogigal d
residue is ﬁﬂ ?&{}J %I%}p aHhé‘ thpﬁ&bﬁly&oué 9@ o%lé % r %'Iﬁémﬁépo’f?heac' d

resi due,’ ern u erw se de ers to a hydrophobic
am no a6i d TeEipduperfianilyngt mo&ud;e Tmh@msemthatzentlsnlﬁmdtmpgaddeatforpdwm ol ogi cal

pH and whi ch has bonds |n whi ch the ai of eI rons shar common by
two atons iROHEBREREBNIoHE ﬁ%qmtglaéhwﬁ bep ek SR e oY .e., the
side chain s'uEer‘Pa%ﬂ)?Qﬂ 1%6‘?61nsNQH cé}%ﬁém@%l%n%cdf@her %’éé&%‘ﬁ%eﬁt‘i’tﬁi wgle, bUt arenot
limted to eu (L N, (A, Pro (P,

azPro, Pip, pratzmapﬁ;oubbmleglc hgemt 1stBlE!d?@ B\MP+4eB1\@’rA BNIPe6 BM‘Pa’J,,GIth%o
3- am nopr op¢ va, Med Yy,

4- am npbut,yri c ,aci
D Leu, D va 1919]_(3? Py éb%d VL PrajRriede bﬁfiléne“g o hﬁlpéese’i}iﬂﬁ}ﬁ%mob °BuG D Melle,
D- ChA, 3 Nlﬁotel%ah&\d@'bml&él&\'hgbnt t:—y:IBlK.)IP ’ﬁ”ﬂhé%)ﬂ@?dn@mv@lﬁtﬁf alﬁtﬂﬂmpﬁﬂeﬁfor%m no acid
a

residues include, but are not limted to, G _4 |ateral i n anal ogs havi ng
the foll owmgtemﬁmus b@loglhegmmpeﬂ safuenst Meriant ptamesicdi B VB-2aBMP-4ni no aci d

resi due. rhql@l'@ost:ﬁig\/l ”Bn anb Pgrst gﬁ%ﬁgi orp(?ft)?‘r aIma1n8th‘%l ' b SRk uUS S

D-am no aci res non-pol ar am no aci d
residue is IﬁéseﬁCﬂﬂlvéIﬁionaﬂib Ppotaidheton©Bilotbpes agent is a proteln havmg at least about

50% amino acid sequence identity with a member of the BMP subfamily within the
30  conserved C-terminal cysteine-rich domain.

[0034] As stated above, BMPs are a preferred exemplary biologic agent for

purposes of the present invention and belong to the TGF- superfamily. The TGF-3
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[0079] "Aromatic am no acid residue," as used herein unless otherw se
defined, refers to a hydrophobic am no acid residue with a side chain

havi ng atwbDeasxo9s9reé aromatic or heteroaronati c ring. TheCarusewvioe4106

het eroaromatic ring can contain one or nore substituents such as -OH, -SH,
-CN, -F, -d, -Br, -1, -N®2, -NO, -NH2, - NHR -NRR -C(OR, -C(O OH,

-C(O OR, - GupriNtRily pro(dd)NHReytokin€) dihadrercd beathicdisersed oghependsituty (Cl- C )
al kyl, substituted (Cl-C ) alky], 5-26-nenmhered aryl, and bstituted

5- 26- menber W‘l.geﬂ?l&ﬁﬁ?m&méﬁ#% AZ0Pgn FadingjBenssisar %ngﬁf are not
limted to,gFheahity profotfis. (Me TAER su¥rfarbiiGrobiahs calfe (dsiPe)divibBeings k-
Phe(3-F), Phe(4-F), Tic, Thi, hPhe, D Phe, D Tyr and D Trp, D PhG D Nal,
D- Phe( 4- O )BMPRok{andlyRnd tiz PHE([Bsubfamily biplug{cdagents taschi @y sciudive sinaiteditp- hPhe.

O her aromati,c, am nQ. aci d,.r esi.dues i ncl ude,. but .ar t limted,tp, C
at or al Sohall Baeods g RGP BRI B P BN S BRS¢ he
aromat1 Cc argufe Iﬂﬁlliﬁlitre@%,dESMPIZS, BMPJg-(aﬁb@génﬁﬁ,! BMPeEs (@[?F-lb}] IWIPW(@{MP-
enbodi nent, the aronatic amno acid residue is a D-amino acid residue. In

anot her ent?ooi PRtS, BMB-6a BOfih{ i(esteggcnis raetct-F esOlua. BXIPah (QRA).(BVIPH no
acid resid 0 asshd i ' t,i e and
non- genet i caPI'é)’ gﬁ@%glgﬁgcﬁ% )h%i}g%:l@’aél{é@?@u SDI%—??)O%E\?%Q]Q;‘(@HF%Q, %ﬁﬁe{ggri es
defined abq@dresCHOMARY, BA¢RL15NGDIFE), BM e 16abDR 1, GDH-3, GDFe@mder 5t ood
that the following table is included for illustrative purposes only and

does nd0 pu¥Bor®: a8 HeF S myRratR) ikps Phipgsessit thgmrasnaEvantiels PERIFECH hat can
be used in shgﬁfﬁﬁgfgﬂorM%G%dgBW-QP-@S'-S*‘ o6 &hd)7 SNSHEAMNGnRY ds hRfiladues
y di scl ose

not specific erein can’bé readily categori’zed Based on their
observed phyBiXalPasidilaclygntiecakd pravges inchslc BMRi2e M- 7 tahé GIET-5 nH6t arahts .

provi ded herein, Sone classjfi i 0 f 1 no acid residues are. included
in Table 2 fﬁ&}%wre%@fiéx%{ﬂ@%@%%ﬁﬂ- FOVMBS pedko rewntp qt%@@{r%éﬁ skil |

in the art,gthes #RANGHRRE el iCARY % iRDnah BMP tedihdRlabng ekysitve. Thus,
am no acid residues having side chains exhibiting two or nore

physi cdb- cheembab opthepeman pepdamothend Herandepedies vanktiopimoeaBdbri es. For
exanpl e, anj.no_aci,d (gilclzle?ﬁ%hai 53 Hatvi ng aronmatic noieties that are further
substitute IWO?/WGSSP PRAYHEtAE GRS, such as Tyr (Y) or its corresponding

Denant i omerjpo3sin exhé DGE-paivTadine iRlddes, e 1sah ahiied s, osrst e @S Tsrppol ar or
hydr ophi |'i CHEr ogertl es, and can therefore be incl uded in both the aromatic
and pol ar cHelgdrangdsTGH3), apiyiopla gt activiy A hard nhibinsnmeerophaegcaphintoraci d

resi due wl a ! se of . Ski ' e e ial ]l w inview
or the o scrsaTe BT BNeP R  Bsb e SR i FREFERE st A

r esi du@0Cy scell Ghe derivddsneuedtropbpoctonGIDRARNAL assirheedn, ‘fTGHp dulstuinily e bri dges
W th ot her %SF éC) jélesi dues qr their carrespondi n&hl} enanti omers or wth

other sulfa bnt BPRihiggads i dgepmmatiqq] gqwipplents gheggotagisr todhe T6di-fues (and

ot her amn [ j 2 EUNG S i to exist in a peptide in
ei t her the%@%@@ﬁ%@?ﬁgl g?ﬁ%iﬁgpgéﬁl%?esﬁ%ﬁérg@%ebri dged form affects

whet her Cyd0038] r eFThdliéd - suptehfemily comrtesposdiscigpf thenyateinedmet Eydnter i but e
net hydrophobi ¢ or hydr.aphilic character t.o eptide. Wi.le Cys (C) or its
Cor r 63 ponaiHBTEEhark FURBR B ErS & E Fytriop Rl Rk spPo TS e ng « o
the nongal iZedGRARRNH S, HFALIE RfivEl SRR T &EPBRINETMeuldO8dotleHRra) . it is
to be understood that forpurposes of the present invention Cys (C and its

cor r espondigigwib-feetantYI60E), ptacente gragbrfacted PASFp obagin hyadrapsiphins¢ BN o
i ds, i di | .cl i fi i . i hed..ab .
s o, ol it p s, Bt AL Lot gellge e 17

invention poayilgesm. 15- to 29-resi due peptides having the follow ng Formila
I R1-Y1-X1- X2- X3- X4- X5- X6- X7- X8- X9- X10- Xp , ,
- X12- X13- x180315- xPebljentionsi@sokasingdhgse seqpences, g well2g thpichgmpeal and

30  physical properties, include: BMP-7 and OP-2 (U.S. Pat. No. 5,011,691; U.S. Pat. No.
5,266,683; Ozkaynak et al., EMBO J., 9, pp. 2085-2093 (1990); OP-3 (W(094/10203
(PCT US93/10520)), BMP-2, BMP-4, (WO88/00205; Wozney et al. Science, 242, pp.
1528-1534 (1988)), BMP-5 and BMP-6, (Celeste et al., PNAS, 87, 9843-9847 (1991)),
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Formula | and pharmaceutically acceptable salts thereof, wherein: X1 is
absent or an achiral, D, or L-basic anino acid residue; X2 is an achiral,
D, or L-wez0wn/@sd280 acid residue; X3 is an achiral, D pCorusketalopqbatic
amno acid residue; X4 is an achiral, D, or L-basic am no acid residue; X5
is @n, Asn, DbAn, D-Asn, or an achiral, D, or L-basic anm no acid

resi due; Xovgrsl @yons Asal,, PBAS, 186, ipy. ASHY-4658 @980 hDPRIPadlett coal. Natoasi32S,.am no

s an' SiL?’t‘pSﬁ s P S b Sswontittah o S ooy Budvbg REOSAERNT ol ™
D-, or g@mmsés/mo%m WPCFGXW©§4@H@3 (15@/U§94-/§SQ9 ?@MP@]D’, Nal, D-Leu,
D Trp, or @y or an achiral hatic am no acid

resi due; XIAVOS/APRRARICTAUSI403288); B_Mﬁykfr(@}b@%ﬂ60%@65@894114@&)@1&? X13 is

B Len, o BITROT5 e REC0SY o) Colel (v QTR P il bt W or

L-acidic arndécetalcmm@%eow4Q5o-a@5@ﬁi99[)aIGDfD8 (W94u®1a3%l1f(1>@mw@4mod9)
residue; X17 is an achira l'ic am no acid residue; X18 is

Leu, Phe, [SRE® (WRH! s RET/VEIH/EH8 EiﬂL(éMO98ﬂ0ﬁ9F(ﬂi’é?T/&§%4/ﬂ-§44é)m

achi ral, r Phe, D-Leu, or

D Phe; X22 qgﬁégkﬁ?g/gfgﬁ@)& ?_5%$ Pfd%ﬁ ﬁl\%(c))bé/él residue; and X23 is
Inp, Nip, a(réms%/@ésm;mwzﬁ)(wcp%/@n1B(PcszP9$/ozssabsmH SQCDMP-am no acid
sequence havi an_am no

sequencé haMP?é (W‘B?ﬁ/ 15949 (?CrTé[#%M@@G”Mn(i g"@?@f“&ﬁ (Bﬁ?ﬂég%‘/b?tgéél ;‘Ihjg gr oup;
R2 CH f d

%2 to w2 QRN PERLFRDLIA) MG (MDD, BMIT (WO EROL et & an
L- am no aci(@CTdsseie]70R) amh®OIN1 4386 aadiWwi09 At 0@B 5r(@STTdus94/$4 @ 0D &Hé aci d

xcent  tnatCEREPor By I B RR bGP R e o WOoRRRSH i Gue and each

chiral am "(PC@?(US@J/FZRB@}beThéTHWe%Shéfatﬁﬁé %Qﬁ@orﬁ&@(e&%@reﬁr?b;are%r@i%eno aci d
residue; or d) each chiral amno acid residue is an D-am no acid residue,

except 16hat[0838 or Asmsel ludreinatFG i supéraneityminaabedir i3 Gliep shipesfsindye and each
chiral amno aci,d residue inmed at jacent thereto is an Lsam acid
Cost due. T OBRAT 1 HeRGt el Toho hahtse ¥ RESERY skiih Pty SRemuBro e

29-r esi due pepfbEEs @NMMJCHE)JB @TGPW;(@ﬁbeEﬁhﬁlﬂll &ttucturally, such proteins are

R1- Y1- X1- X2- X3- X4- X6 X7- X8- X9- X10

- X12- X13- X1homo1a- lxmoc}(mrpr@mrm@iw‘@rge orezurser polypeppide ghainpeontdpinggl a | and
phar maceut i I I t e n

D e R Bg SR UR e B R o T

L- basi @0amand aagatdrer eaihieomprising a variable N-terminal region and a highly conserved

C-terminal region containing approximately 100 amino acids with a characteristic
cysteine motif having a conserved six or seven cysteine skeleton. These structurally-
related proteins have been identified as being involved in a variety of developmental
cvents.

25  [0039] The term “morphogenic protein” refers to a protein belonging to the TGF-
superfamily of proteins which has true morphogenic activity. For instance, such a
protein is capable of inducing progenitor cells to proliferate and/or to initiate a cascade
of events in a differentiation pathway that leads to the formation of cartilage, bone,
tendon, ligament, neural or other types of differentiated tissue, depending on local

30  environmental cues. Thus, morphogenic proteins useful in this invention can behave
differently in different surroundings. In certain embodiments, a morphogenic protein

of this invention can be a homodimer species or a heterodimer species.
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X3 is an achiral, D, or L-aliphatic amno acid residue; X is an achiral,
D, or L-basic amno acid residue; X5 is @n, Asn, DG n, D Asn, or an
achiral, Weo,20mv098926asi ¢ ami no acid residue; X6 is an aclRCTAIS201D/024106
L-basic am no acid residue; X7 is an achiral, D, or L-hydrophobic am no
acid residue; X is an achiral, D, or L-hydrophobic am no acid residue; X9
i s an achi r[8040]D- , Toe tdemhpaicogdnid protedmniOR)” acfiets to asnhapbogeXiOproin_ that is Tr p,
Gy, Nal, D-Leu, Trp,, or DNal; . X11 is Gy or. an achiral, or

L-al i phat i &lsgrﬁaﬁabqéef ﬁdvegg REOECRY G4l 19 O Pl el or Eﬂl}eLJﬁéa%epm i c
am no aci d y83irdHEnbrikdus Bon@Br BdYchdralone OMdst S¥ B RRRIPrbtEindAINO aci d

residue; X14 is Leu, Trp, Gy, D-Leu, or D-Trp; X157s Leu, Gy, or D-Leu;
X16 is an auvé¢mbab of he BMP subfamilgiapd are thus aled BMRss itthyesveX e ¢amvanse aghi r al |

D, or L-hydrophili¢ am.,no aci.d.residue; 8, is.Ley, e, D-Leu, or D Phe;
X0 1 Bou "opRetup, AgfPrgE (Siuni s F BN UaRArEy DR St agi i ¢ am no
aci d resi duRmotegylor anihé& Heid BEBRucn & 1d8htity MiusPalkh Bavodetdnstrable 8&bddealc orD-, or
L-al i phatic am no acid residue; and X2§ is Inp, Nip, azPro, Pip, azPip,

D-Ni p, or Bhpigrogenic pefivaiyde atfumntions bagassry tadiedn osigagsniepiotii ngppiooHite to 7
resi dues; 2 ] en . am nQg. acl ving. f .7

resi dues; éﬁmﬁ%@%%%?wé%géﬁgﬁgﬁ%%g e%?%ﬁa®§ﬁgﬁ%&ﬁﬂg&Féggﬁﬁ%fﬂ%&Bgﬁﬁbxy|

prot ecti ng @hofigrmanbe asaf (sed) Usaeht. tli 580 1,891;n0 SaritdNbe526KI683, $oran L- ami no
aci d residue; bgafach chiral amno acid residue is a D-am no acid residue;
c) eacHOchi%ampiki no acid residue is an L-amino acid residue, except that

one or_nor gopfyjeack Gl LEfAALiRAL ROGEGL InbGROANE. 20ch BREmERLAS

am no acid residue | me el y adj acent ereto i's a D-amno acid residue;
or d) each mhipriaés mnitiple iatadolceslhddisulfide Aondd- am adlitéomiatlinteesiothgelar ex cept

t hat one or . of each chiral. term nal i no acid residue and each chiral
ami no_aci d $EigEN dita @Wﬂaw%@ﬁ?osgﬁg}#%ﬁv S g4y Lo ofgo 8% 1 esi due.
[0085] In %J@Mﬁ%%ﬂﬁﬁ%her&dﬁﬁeﬂsnmd 8 ef?ﬁr‘éyéeé%pljo‘ipro%e@ns?c%h{p‘r‘ﬁirféue

pepti des having the follow ng Fornula |
R1- Y1- X3- X2 Ix8g lxmrd(ﬁnz)iﬁ,-c)(lz:-oxa-@(@cb@mg)(pites, and a mature domain. The pro-domain

- X12- X13- X14: X15- X16-.X17-X18- X19- X20- ¢, 21 c .22 g 2Formul a | and
har naceut 115 ALCEAL A B e OgAT R M TO-sGHEE Bl V] Freheihod shmsin
achiral, Dput @bt dit BRI Cthad Ftd1@ord&ih hdyafindbk@lents Hisd M ndfte/ddailind iy _
L-basic amno acid residue; X3 is an achiral, D, or L-aliphatic amno acid

resi due; X dcsasan iabihitea(e,g. Drhicor! @l.-(BREH GraniinBackes d82841288k; X5 is Gn,
250 2O 1R, B0 RS e AR, ATORRATEL G St 1
L- hydr @oholune camion® cldevage KRS, Biba mitirs damaiac Hihispro-pbteindk tHenlpycliesqidalyi ¢
am no acid residue; X9 is an .achiral, D, or_L-hydrophilic am no acid
resi due: the cellular' machinery to yield a dimeric mature BMP rnolecufé. The pro-domain 1s
believed to aid in the correct folding and processing of BMPs. Furthermore, in some
but not all BMPs, the pro-domain may noncovalently bind the mature domain and may
act as a chaperone, as well as an inhibitor (e.g., Thies et. al. (2001) Growth Factors,
25 18:251-259).
[0043] As contemplated herein, the term “BMP” refers to a protein belonging to the
BMP subfamily of the TGF-f3 superfamily of proteins defined on the basis of DNA
homology and amino acid sequence identity. According to this invention, a protein
belongs to the BMP subfamily when it has at least 50% amino acid sequence identity
30  with a known BMP subfamily member within the conserved C-terminal cysteine-rich
domain that characterizes the BMP subfamily. Members of the BMP subfamily can

have less than 50% DNA or amino acid sequence identity overall. As used herein, the

term “BMP” further refers to proteins which are amino acid sequence variants, domain-
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X10 is Leu, Trp, Gy, Nal, D Leu, DTrp, or DDNal; X11 is Gy or an
achiral, D, or L-aliphatic amno acid residue; X12 is an achiral, D, or
L- hydr ophwbi20102098928 aci d residue; X13 is an achiral, D pcorusketospeiophilic
amno acid residue; X14 is Leu, Trp, Gy, D-Leu, or DTrp; X15is Leu, Qy,
or D-Leu; Xl is an achiral, D, or L-acidic amno acid residue; X17 is an
achiral, D-swappedvdradtsomid ﬂrmrrcaaamnmdacmb fragnehtieot ﬁéil&ailﬁod:@lnmg%‘(&m D Leu,
or D Phe; X19 hs Leu, Phe, DLeH gr D-Phe; X20.is andgg fl%}

L- aci di ¢ arBhagsngtis potcite as ¥l s hgeiodymerjsroteps fapme Orl‘}tﬁ‘ﬁéh %% i s an
achiral, morR{m&c%MPg%% 1@esa§ﬂcﬁ%s arplore §Mpy7. 3P 2523 BMPlNg. BiipRy/7:2ZPr 0,
Pi p, azPl p, DN p, is absent or an ‘am no acid sequence having

from1l to BVEst/ died, BMPHB‘6 hﬁsmdtm@ns Snitabid BYlRacdrdnsegddntseodvagisng from 1

to7re|due is H.o 1 I Gl ; i o] car boxyl
pr ot ect Png 15?8@&?&10 F&‘ﬁ18:1@?%6}’29%92642%\’@@/%3Q’Xﬁ%&%ﬂg—z‘grg\’@bsent
and wher ei mjo/E06ORCWOCH/02I59RNWTPOGOG440eH OlYS/ 111 $580 WOIRINGOIL il I esi due;
b) each chiral amno acid residue is a D'am no acid residue; c) each chiral
am no aci d WO9Pd0822% an L-anmino acid residue, except that one or nore of

each ohiraljghehi N3he ATL0OAEH Il GRLANE 200 RA6HCDLEAP AIAO.RG i oot due

i mredi ateIJ adj'acen is a am o ac hi r al
am no aci d vielsgiduley a@ivangEhtpil wed acicth 1h6ﬁddweth0@4ﬁﬁi@5tloﬁlhﬁéloglﬂﬁlﬂr nmor e of
each chiral termnal am no acid residue and each chiral am no acid residue
i mredi dlel yohysiploeisstly ohehamgeolegisally active sebsiances thaksapgst lopgbs®] 1 n anot her
enbodi nent Fardmyl ble salt

t hereof is Sé’%tglglrlr@ﬁgtnlégl%&)%&és uesogllcna P%tnlp'?%ﬁang%%fkl S a%seen%ﬁ%“g%?] The
fol | ow ng grbadiioerdigznosis atuee blomttigatmpoﬂdllseam or dlseof a Rdrsrankcawhjchufifeets s

ot herwi se s ecifi ed. enbodi nent 2. .and X4 are oth Lys, On,
D-Lys, or Dhertrict lrrﬁoahm}%fl ﬁ%%aﬁmtpm -grugs, V@lﬁ*bw@e legigallypct ‘D@LO% In
anot her enhpgi-nBite af%@ tﬂe}sr@ﬂd@ﬁf g c%nt%@i' %e?e‘h‘eg p'h?ﬁbfé%ﬁcal énﬂmmw@ 'Also,

enbodi nent, X12 is D-Arg. In
anot herl5e nb@dpmafm‘ms 38(18 blOéO@t agenAsam beGlsnd Zih@e 11‘13(111011: witho\s iymidtiGh rﬁthsr

D-Arg. In anglfit1 her %nbog nt Su@n aC|ld| ¢ amng aci dt r esi %JJ? ;

anot her entd rehanzpd molocp ecj l?gu AP B R Y, S[ilt % S g F‘re‘fn

anot her enboteRtbiolsRicdlly Sctivetéd WheRihjBted Info BRAOAST Pﬁéﬂ@%ﬂi BIBkic a¥drtsi S
Ala, Val, Leu, D-Ala, D Val, or D Leu. [0089] In another enbodinent, X1 is
absent ; x13n¢1§dfaﬂ@uh@r¢@pbluaﬁ¢d@, awiteiny ayiimbicrapegic Gprephatagtic xavitys a basi ¢

am no acid X15 to X23
are as def |1ﬁ§§&gg§32 %ror rrufal;:){ciAsss rhofrgé%ﬁg &féregﬁo?%%%cég%%kﬁg X1 is
absent ;20X2 thmbkﬁles @ﬁdilamﬁbddy@ or D O n X3 | s Leu or D Leu X4 is Lys,

O n, DLys, On, D-An, or
D-Asn; X6 |[90‘L§ls "épﬁhosephﬂlemthe @ﬂLw bl@ioejcrﬁgeﬁt@twanéﬁ rghpasad inén | s Leu,
SBT/} pNa::)_ Le h&%!_ Igﬁ(]lr t’ca ?e ht?l Z%Id% th-Er(Hsc uM n ﬁHon A&y ot Ib_'é'%sh’edD' Al a,
D-a n: or [énll}pshmé(it,lthe bldl(mlc agany;s pBeﬂc&lape,cmB A; MOthér@refsrrékkmbcﬁ,lmpntAﬂn

g ﬁfg’ %?qq%log}%ﬁg@%gbmlmma ly s'obﬁlgle (12141 a'more preferre% em%o%srnent tthlologlc Gu,

or

25  agent is substantially physiologically insoluble. In a further preferred embodiment, the
biologic agent is substantially insoluble at physiological pH. In another preferred
embodiment, the biologic agent is one that can persist, after dosing, in vivo, with
effectiveness for 1 hour, more preferably 24 hours, more preferably 48 hours, still more
preferably one week, still more preferably one month, yet still more preferably several

30  months. In a more particularly preferred embodiment, the biologic agent is a member
of the TGF-f superfamily. In a still more particularly preferred embodiment, the
biologic agent is selected from the group consisting of BMP-2, BMP-4, BMP-5, BMP-
6, BMP-7, GDF-5, GDF-6, GDF-7, as well as any and all variants and homologues
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Gu, DAsp, DArg, or DbAu; X17 is Lys, Arg, On, Asn, Qu, D Lys, D Arg,

D-On, DAsn, or DbQu; X20 is Asp, Gu, D-Asp, or DA u; and/or X22 is

Al a, Val ,wbheot0/@428, D-Val, or D-Leu; and X10, X14 , X1BCI/UR2@0/02400 , X2 1,
and X23 are as defined above in Formula | .[0091] In another enbodi nent, X1
is absent; X9 is GQu or DAu; X12 is Gu or DDQu; X13 is Asn, Gu, D Asn,
or D-Qu; Xi&ecofs Hoetins@mcé}dseﬁnl BX15 1hslulietho@er cdrdieing seduents, @hichare D- G u;

X17 A D-Arg ; Ph L D Leu;
X2 1' s Lohopolisg Co 0 Vit oS &1 rg%{o %@%ﬁ%b% ahlaa%%i‘%olnfege X0, X11,
X20, and XZ3.@fH1ps 188 VG%Qné%‘é?pﬂefbrﬁm} HH'@Qst 859, Eﬁg%zf]md &qﬁ&%h@énnty

enbodi nent,” X1 i s absent; Lys Lys, Leu or
D-Leu; X4 nsltht,hs C- @‘mmabcy_sy@ne mm@n@f BMBGB BMHAyBM@nBMH -6, BMQHZ, (b ks,

DO n, G 6,18 GI n, or
Dasn: X3 1 5 AT -6 DR AT giEd el ProT L BRPS ety brelbyienig, " pre,
Nal, DAl a,achvd {feﬁlan@'df%ly s&lfﬁﬂPthcl@dﬁ@vané@cs eSnténthgQlonRr@thic afidido | S Leu,
DLeu Gy, or Alb; X12 is Gu or DG u; X113 is Asn, Gu, D Asn, or DAQu;

X14 is Leu asid mbptetutionss All that isuc@rirepbyebe presat iusve@ll@n isrthaptigsg vanents | s Arg,

Lys, D-Arg 're@in lﬁ éé?c’al %g%h:[y %ogggragle tg)' Eﬂ: rh%’th%( %0 SAi‘ %ﬂ%rerel?' y eut’en%( 20 15 Asp,

G u, D Asp, or eu or Leu D val ; and

X10 and X23‘BMP résted pfdtiatoniB®vVIe rblﬁteﬁerdﬂﬂdin@” fneani ﬁ@gﬁﬂs ok all aﬂﬂieff@fegomg
enbodi msnt X1l is absent, only one of X and X is a basic amno acid
resi dud? arfolCHs- ot her of X5 and X6 i s G@n, Asn, D-G@n, or D-Asn. [0094] In

anot her e"g{ ﬁl‘kﬂﬁnt Ma @o?éen%%r&t@m@gﬁmf heﬁ% cl@desa%grlfgle% nQﬂl\félggo fc{uq'ﬁ? one to

seven am no acl'd res I'n anot'her e one or am no
aci d resi dumsvoprotdies, amilunnbn@elidics glouegonetid eommrpmtsohnd ofirer veriaas theroefi due.

I n anot her enbodi nent e or nore of the am np .acid residues of the am no
aci d sequerﬁ@s? gar&lﬂb@d&?leg%lfﬂ% haying VP@&%IXCOSF@@%P“FW%P{B’{Yﬁé‘n’rﬁéﬁ%aﬁ’ ment .

one of X5 and a¥Bvd Bude¥d oPribtatRy Fotmhs oPh nBRdproRi @fb@ul%&%ﬁo%:tnic)ﬁom X6 is
G@n, Asn, DAn, or D Asn. [0096] In another enbodi nent, each chiral am no

aci d rdsi dudsaigclade thosgrihabara biasyntbsticllg prgddoed{e.d.n"rawtombieor ‘enisanti ment, each

chiral o TRBEL LTSl SRSk S Renh 0B, gL e

and X1 to XRerpK8gentcl&miXlo? protaingl X16 to X23 are other than Gy. [0099] I n
anot her enbodl ment, X1 is absent X11 is Gy; and each of X7, X8, X10, Xi4

, and X15 is other than Gy 00100] I n_anot her enbodi nent Xl i s absent; X2
is Lys, Or Wowmfs‘ldnamswa@'ﬁanﬁneév@wfw!u@&gascum@%sﬁsftr@twesD Lys, or

D- O n; or Nal ,

D Leu, Eﬁaﬂ gl} s &Plaﬁd}ﬁor{a}% l\‘?‘?‘;ﬁs‘ﬂ“&%t W%t?d}@;ﬁu S %?tﬁﬁlre{hgdgéﬁﬂ; X10 is
Leu or ZD Letysteﬁﬁdtmaﬁm@htw;sm)g];ﬂoﬂeﬁlseuuh as b]ﬁ}rﬁlt limit¥d 3o thesdPsfithoMAP-Fsn; X14 is
Leu, Trp, D-Lelil ? E’F f X15 i s Leu.or él X16 s G.u or D-GQu;

X>-117' i s SAPYTBRDDWAEH r?(tfnl@lmaé@ irgaspige Ao*ruS PREIN. 56 Ste@“? SMEWY N0Phe,

D-Leu, or %Pé“eThgglgllécF ééﬂ?tmn@ Uﬂlll %&?Qand)ﬂhat%og l'dcal%gn ﬂlc'hﬁielaerﬂetﬁﬁd D-Leu;

X22 is Val or D Val; % X23 1s Inp. In one enbodi nent, e peptide of

Formul a | |\shea{ekpeeppmctetl ee@thétd:nodmtlwn adeald l15e1n30¢h@|ed\m a mtt)tce aBa Fiagierih@ﬂ al

Ad trat t | udi
ot mont - orSayeh afba'i DRy R Bt pata R G s R s AP BRS Rt at e

Appl i cati Oﬂﬁea[rﬁ&ﬁlafth-E*'shﬁjeéﬂDMvh&@tbb@ﬁr&ﬂl@lt B§t|a@EHetsYngtl@lo%Bleltteh@\shﬁé@f it of
U. S. Provisional Patent Appli catl on No. 61/ f51 909, filed February 12,

2009, the dwemieningnigpallykingdsivy’ éncans non-invasive or non-open-field surgical methods.

The skilled practitioner will understand that minimally-invasive methods can include

procedures involving an incision(s) or implantation of a medical device(s).

[0048] As already stated, the present invention is based on the discovery that a
30  minimally-soluble bioactive agent can be provided to a subject other than by

conventional routes such as oral administration, peritoneal injection, or repetitive

peripheral injections. That is, a minimally-soluble bioactive agent such as a protein can
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i ncorporated by reference herein. Background [0002] Bone norphogenetic
proteins (BMPs) belong to the superfamly of transformng growh factor b
(TGF-b), wodonmsr2el a diverse set of cellular and develpopriseaialo2gprecesses,
such as pattern formation and tissue specification as well as pronoting
wound healing and repair processes in adult tissues. BMPs were initially

i sol at ed bynhotwhies proadicd kffyctivelyi widucgsttraiteoatedvidmiut advaege cffoctsahd evithotowever ,
their utilit .f(fr. ot her tissue and organ repair is now w dely appreciated.
[ 0003] To d%l%/gé?a APEPRUM e means for non-1ocal delivery of a clinically
effective g@_ﬁ@_]Of Foﬁ&frp@&%?ih% InYera! “@1REQ! REIRFRERL BchtGhich] R atW t hout
repeated adm ni'stration of the BMP-has eluded the skilled practitioner. In
fact, effeothiviethddlivacsryagdnt agsallypromasiintackesotscopiast wigh blaagewheregener al |y
remai ns _.an .unanswer.ed chal | enge. spite.pr ess, i n. protein technol ogi es
and pharnac AIETUATA G SPRBaRe apiarRise, B Branr e PR Lo pl ague

cl i ni ci ans ghe&idhinRefitsPindoaiddao Tafﬂ@d*q?@@utmpacdﬁm&a@én dtcBMRCSpert@chat i ent s,
[0004] First, the preferred node of adm nistration of nost therapeutic
agents is dramaguchy intigdeetiangf a nagdisviad/or exth¢tengiasit ration is often

I nappropri or . ecul ar. : h I ot el . t . of them
are not abz@g%(gd i ﬁ.ﬁgéntqlgﬁtf/oﬁ X@%Q?W%ﬁ%@é& tlhﬁt;(fept[aﬁlasi)te a\%ﬁ gimglgglcglgnpr om se
the ef fi caayit@ia de gatetrhiabtivy indasRgFur K@tinBRatidvbimiaietiverywfamiainplt i cul ar

t herapeutic protein or proteinaceous agent .is adm ni stered by routine

i nj ectil@n retubbulioagtive gaeHsudhyd mpotipieclpdipsen Py lay eroteiuiueleas BMPause
these agents \Ga. ARYmsBROL brRliEs BRRCKRAEOErdilrls hhiRS inuklUfous LfiofOSt
popul ar and routine neans adm ni stering I catl ons can pose a

subst ant i alacphaydéloaty busubstanidailyt ineomatdneistd. afud cgaapliceths ingist pictared site

adm ni strat.ive costs related to patient_ managenent. .[0005] Thus, there is a
need for allf kBt e toaeanr. 9o enéthin&F%&V@gPFVLaéealﬁ @a%@ﬁﬁ%&or
especi al | y JiRGI AR LENLEH tRURI At RBNEE sROH ifhhe rlncnaafato@ﬁlﬂﬁﬁ@f[?%%ga are

macr onol ecul ar bi ol ogi es or drugs. Sunmary of the Invention
pr esentlSi nubatitont th svhixdsmrdtconerttére odicskoingr thetvastularpeswesqulaayd/ BVP, BMP- 7,

can be provided non-.surqgjcally and. non-locally to ma wi t hout injuring
the vaseul ety BelB IS AR e SHE IR TR LR h F MR bl e and
repeat ed i YréRMBSCPhANs, REEIrBNE @ theaehBhHgs bf Bl P& cRf inBtoA, FREulgY St em ¢

t herapeuti c purposes w thout the adverse effects heretofore observed.

Typi cal | y, nsevpsshlar and/praranavespelastissdeit near oz adigeens theplvbscrysitp ghquddib¢ ne

i njection i o j i , . f.on. exanpl e)
by mar ked Ropart oy drfOTBIANL et Wk A pe R AR PROARM D R BRCP 20
f or mat i20n atadibnecanebrybycaietdfloadifary Rkiind tiey @vunsnpeduint hewterssald and
perivascul ar tissues at the site of the introduction of the needl e and/or
cat heter. TA¥8@Sundesirable |ocal effects precl ude injection of the protein
into the s essal, iR &r P AN PR & grg-qygl Eicti B DY RES it AN use of
many di ffeﬁgﬁ%ﬂpergpﬁgga vggllsqeeﬁg, ?1266{) i ngBt81§';1é1n@fl<;10%:)ur¥uIa a(tﬁ}sic%)n o? etrJ]ndesi red
ef f ect s i n peeferryd deswey sitesshduliddre vienjllecy aloerfreenpreferabilye al meut potferce

devel opment, of such adverse effects precludes adm njstrati.on nore than once
per ook arlriverysar S Gng e BV BREITEY i Loy FERAd e RO habi ||y {0
i nj ect sshe RFGEQEN kAUITAYMRBAUSbIY by BhE o PEMIMRSY LIRNEX e Bl Aafh vegsel - [ 0007]
The present invention exploits the discovery that, when intravascularly
admi ni st er imgeBNpPard methadper i pheral site, intima tissue integrity at the
actual deli Si shoul d .be. sybstanti.al ly unconprom sed., T is. if at
the act ual B or y SRR SRR WPl ey pPRERIMPERR el Dbeblpa | o0
the vessel [y@dtion 0Pkhe dHiQerylete $81atHRUD dhdginkihBEEESH sitch @R abdiRddhae QgthrtRs
effects of edemm, fibrosis, and formation of bone and/or cartilage in and

around t he RressseinveRignothe perxivay ofi theractuab delasrikife to shecagtual FRmINSELianCe
bet weent ng; s g}u?/oﬂhe%ﬂ@‘oﬁba%oh?bh&@ur m4EHE RAREME S TRE hvklfortis b pralesgie! T very

is optimal I'y
that will allow multiple (repeated) intravascular injections of the protein (such as a

TGF; family member including BMP-7 as a specific example) into patients for

therapeutic purposes. The primary accomplishments of this process are to introduce
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di stance that permts delivery of the therapeutic agent, for exanple,
BMP-7, beyond the point of any trauma or damage to the vessel and

associ at esot2oms9a®esi ncl udi ng the lunmen of the vessel, tRreTAsSéMwAsO0é ar and
subcut aneous tissues, thereby preventing | eakage of the therapeutic agent
into the surrounding tissues. The distance between the site of

adm ni st r at(imgect pthe dery iptoncblooé vessel faktea goihte fafexdmipley et lgasd ep@ndgo abow 3

variety of factors including the type of the vessel (e.g., artery or vein)
the si ze ofomrS SELaWR of digeecdh oy pyncuiiaite H ﬂam%ﬁghaéfwoei alﬁﬁé&sa
(e.g., pr €3€4Kage of th%%lwgaﬁlto BeanRGRe St ﬁia@v%ssel'%fr‘?ﬂt%@hﬁ@ﬁhd?%g ggsﬁéélgﬁléréfofét

particular inportance in the admnistration of BWMPs suc MP-7 1 n order
to prevent thhprogesstis ond that iatlles efifaionsntata tldnel wissad theft hagim ndlss, tears, on

ot herwi se gssoci at Wi MP-.7, nanely cartil agi,nous or ny. grow.hs or
odul 65 STy BBl oG o maBEE b SERUR O R SPoreS ol RREF RS BB fver y
of protein [hRERaiA chIEBENNES BRY pROVRIIERIakEMBAQT aRadbtc RGN a leb@lar

exampl e, at |east about 1 to aIt))out 3 cm of any trauma or damage (e.g., the
physi cal i rijcedleioppatbeteriatoducsr apawd ttepleoudiStcan pash theapitiof seedie prshcaghater) to
t he vessel _gj ch. tr erm t of .\t I ininto
the ti ssuest%élﬁI Ca?[ Re ves é%?%)grﬁl (?%Pte%&lésl’qgrgﬁggen%zl@nogﬁ# 5@}@325“%% tl%‘?{a}ltsz’ﬁlged as
descri bed hattetdn aldnbéwithoelid guedRbhtesdupér) il iccdglabttBe iminbdiateaits @gnment  of
bl ood vessel which is free of holes, tears, and/or traunma i nduced by the

physi cdl pefisgamusstueT ortiREOBIcHew infe gheayessyl besy andds thepadsdrabaittd ket ei n,
the inventijgn, hﬁb:??b‘f@ﬁmﬁh% uPlo a%oﬁt%&ﬁmﬁgﬁsttt ﬁfé%tf_{l?e céntﬁlnglr@{n &gﬁﬁh‘ e or
at leas p

a catheter 1 ntroducer about cm past, t about ast, about 2 cm
past or at dndaslimabouFor2xempleasta puatbried chrbodinoant, Scatmtgpasinsertdigo a

veni puncture, site, but in_any case at .|east beyond apy .induced trauma to
the vessel MEIPUBEHHIS ,0?12 ﬁ8¥ hﬁpﬁif@rmapga@mm{vﬂaﬂaﬁmt%%t RRYPEOigrauma
i ntroducer ) iR $dsiciandQR1ildr9 e thelRsteid QQuisramk Afifinkint §is@hcd ST QdYhHt on

into the vessel lunen and iS5 then threaded preferably about 1 cm at |east
about 15t o thbpeint &f aiminiatratieadn agotbey cripydemetathe 2cbvry mbe & apteadte) abl y about

2 to about 4 d as. f t .40 t.the site of
veni punct ursY s Ay g &y iBetdt BECH el e, MR ditencte et s 3F e n
actual 'y delck¥ierand cathéter sHaRBl@kth GrddRier Abed 226 dORAER uPDA tiAPBEELInd as

well as the length of catheter used, are dependent upon the species, age,
sex, wei ghtthe agrdsow asd weight artdw%zmﬁth@ﬁ@tlemwnbeﬁmwﬁlapswb@s@ beuiedbe used

T , ) . | P . |
Vei b but By Qe BRC RS 1L8, PSR, (ITRup! igtlar (8 bATAL Rl ettt O
extrem0y. ¥&0NP9BE aAsiniis tiexquibantivest salcsgwhaye herein, aspects of the

invention further include a protein formulatjon suitable, for

mi ni mal | y-i[003Yi veAsyaandpned prsyioydy ynethady ofdhe g veriopneamitapulgpicah®t er s such
as pH, exci.pj : r rariaon. Qs t he
rate of adrﬁ cl%g%d ?13 ?%é\ﬁooff% g % gﬁ%lgﬁ%@%ﬁ %g{s}@gﬁgnd@ ée%lgg{frlg@%n %%s‘ﬁ%yg f g-’f% t he

same acconpiced heldcate a neevrsitpu Matliipla igectfons ard @iringtedparcanset edminandfion r at es

of adm nistration. [0010] Gvepn the avail ahility . of preclinical evidence
cont 1 ng CHEETE ATAr I LB bifeeion dsamirddiid s BaRalDEABrROT £ om Bve
therapys t h@inlifR idhefe @ peiBudhaveeBes hébRd AUBidIR loymétRY&Sf1Re appr oach
to system c therapy can not be underestimated. In particular, nmetabolic
bone di seadewscrniting] aptiotegn miap b atlinmasicrzd tave bhticns artba same edrainistration igsates

af fected ther ar f.significant | rdance. Additional l

or ecl | nt calrioaty-ahRadipRral 1R o FBR L0 dinel o B thetlentor whi ch
BMP t her apyigantheisbenefdrat RhstitOClimed. NEbrickeSPRS a A mt@aamisblkretted by
di seases or disorders such as chronic and acute kidney disease,

at her oscl erdotignt af thawsmeradnfinipirgiinssitc opexs flaily ordwagsatady, for axpeenlc, focencar
scarring, ljver,fi i i LS u .
di sor dgr%s. ‘{'ﬁ%ltﬂd %18% @Feresvgg%g’pr%gég\%{%%k'pﬁggg{]@e?%gtén fih\éﬁt’ ?ﬁ%;&l{)ec ed to a
conposi t i orbecmiiseiadgo a patiodtagihe sage atimatistiraion 8ie phdect cokéy, dppaaaipls f or
adm ni stering_the agent to bl ooﬂ vessel . The veni puncture apparatus is
adapt ed to fge nggs,gwgceg@&qfl Wesksy }neag epgmbodiment, a protein may be

administered to a patient at the same administration site every other day, for example,
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the bl ood vessel which is trauma-free. In certain preferred enbodi nents, a
biologic agent is a mnimally soluble protein. In one enbodi nent, the

pr ot ei nacwous1098426gi ¢ agent is a protein that is subst&aTitskég/op418€! ubl e
at physiol ogical pH In one enbodi nent, the proteinaceous biologic agent is
a nmenber of the TG--b superfam |y of proteins. Another enbodi nent of the
present i nven? menkyBowicleorHaveehs.pinad firthaceobsliten] o gratciageytbet hat 1s a
menber of the BMP subfam’li/ OE the TG--b superfam.ly of proteins, |.n one
enbodi ment IMIRRETSY I SdRTent #BRHFIBHAARIABURIGH dieTRdEouekY. SPogrePky it i s
BVP- 2, BMP-AycBNP; RicclBVEr 1w cBMP- 7, GDF-5, GDF-6, or GDF-7. In another
aspect of the present invention, the proteinaceous biologic agent is BMP-7.
The present[005lent Wdrengiraticpgdhé pesserit arveatiqn, ot ieipnedereblgshdditled asgria agent t hat

i S sequence, variant, of. an e of BMP-2, BNP-4 MP-5, BMP-6, BMR-7, GDF-5,
oo, o ooyt bR NP AGsEeone ofher HiouliaPOrng bR e fo

pr ot ei naceaus adtNlaaekisis@ARALith Sn@oPthelRE Bf L Burturk ea3dastdtdut 4 ®P% am no
acid sequence identity with a nenber of the BMP subfamly within the

conserved @bpel I ¢l atdgast aionelQ prhoirs AegishaboupdI om. Far exaaeirleldhic és ispdity t he
present invention .eNni r i i | des access to
a subj ect’ sa%\cléaﬂé1 ll.ﬁhg. B¥1§$ a{% %tggg\?g{sngrgﬁg%?rpggﬁge 81?%&2@%@%/&%013%%{%%% al bl ood
vessel . | n ihfiedueaser oy dhlic prefsesd vonipu@tiutOappatdie identiffed etdewhercappsat at us i s
adapted to deliverer the agent to_ a region of the subject's peripheral

: gent . )
bl ood V8ssdD agipréance gviththe mgthods abthe Recsepfripesnsions O cpyrse.Hiee fyildedent
i nventi on, C r . 1,S, #0010l e on the
exterior o %‘ﬁ%@ﬁ{‘ﬁﬁ%’ﬁ%ﬁ" %ﬁlgbﬁﬁfe}%%%é&%??%ﬁé%?éaﬁ %S@eﬂ??%‘“f%%lenbodi ment s,
such a st r udinistratam st evidtveryt aepdeding eporathbisuk ofjthe pagemt i nto t he subject's

bl ood stre a site renpte fromthe actu i npl.ant.ation site, for
exanpl e, aa[%%lpuniqwﬁ?bq%@s%t ﬁp%ﬁ?‘él. e _%?tﬁﬁlh ehmérsltw crrared
enbodi ment g, i%fé@tiﬂﬁ‘b&ﬁ@&HH{desu_é‘lPE@('j.@%Usﬁeﬁlé s BREGN W TR g@oﬁlﬁ&i &'@lf%g) ng
distal end.[0013] Tn one enbodi nent, the invention provides a nethod for
treati g a sdeseaserd mw Ralgariogatrs bilowyetremicording togdmersngrodimergs, at ivene

h ti tein to a.patient i th £. T thod includes th
step of  aarfir B b tReTuBbeE: prBsERat L oElERa o PePRe Dar i ont at an
adm ni st r atdduBniSiritRon\sie s8 thed KARARY cafGo@HR1Bbd MelidddayvithduehAGA 1 st @t on

site is peripheral and the bone norphogenetic protein is delivered to the
pati ent a per lcpkaeayitha beydgn Buidddlor oxamgpleiip dumeany bgsleliviery mitd sgidcebel

drrimistrati . D . the. . . te | | ¢
S o B e b B SE SRAIIRRL el M) oSl UG iy oo
enbodi 9nt entbodim@ithiachubdant terdelinedyytdes drbgnds3 ®5 ah bepgldaht wdginasthaaisaul ar

access structure at the peripheral admnistration site in the patient. For
exanpl e, t FECpREMahIaKage FARPHISHI B 36 cdite is a vein in a hand, a leg, a
foot, an ar ra i : janatelo[Mns=To) e

peri pher al I[gb?(gcat ggﬁsggf ?E%I?%ﬂg ﬁ)t%efeﬁg& grﬁlhgcthglr?%ﬁgaﬁtpg{néﬁena %1 ree Oéiné

subst ant i alttoatman-open fryuroé dy distriske tissue @nmphess adnmbasticregto, art duenidsiratver y sit e
is venul ar-val ve free. Accordi ng t? a furt he({ @nbodi ment, the bone

mor phogenet¥€ 45PBIPAYHOLANTRTIERST BIPIowc figs! 91d ALGHBE Iyt BUAVHIGHE her

embodi m8Nnt , 4eliD&yRAB & WP 8hdCthRY iatifh s lThRb Atk etk @livbEask i hree
times in three Separate admnistrations at the adninistration site. [0014]

| n anot her ssh$fadiattyincomproniispde dn tlonembaodimgat the relobwdigbairdispessas g a

di sease in tient. by systemcally adm.nisterin bone ,nor.phogeneti c
or ote n to B fdieBnuie i B 4R T hERuasbo AYRESHETG By DS PRAREREE o1
adm ni st er itRGud. A aiRREURIoRARE EMBoMhRhE it dQivERifeas Vetilaraalv@free.
adm nistrative site via a vascul ar access structure healed into the

patient. Adaspelibayg thedleed Bowntedt the delivary sitaigipficient & proidgiatiolpgically

peri phepal . . tic..pr :D.1.S i o the .pati ent
at a p?rbi phegggﬁl]gé;gqsggg?%%@ %g{&?%@?@ dslﬁlge Ogiba%h?e]g' (I:r?r?%traéﬁ%rht% ﬂéﬁead ?ﬁggﬁlﬁ) ration
site. For exaiphesongticheédisig: dmingarmoasnhgdidmlising héis@abéendowik alnon-

adm nistratjon site i.s a.vein or artery in a foot, a hand, a head, an arm
or a |eg ord?fIRENELONERYa9h ot her enbodi nents, the bone nor phogenetic
protein is BMP-7. According to sone enbodi nents, the bone
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nor phogenetic protein is admnistered to the patient nultiple tines at the
site of admnistration. In a further enbodinent, after nultiple

adm ni st re0i20me9392Re pati ent does not exhibit side effe®CIUS2010/024100dul e
formati on, bone formation or the |like around the site of adm nistration,
incident with BMP admi nistration. [0015] In a currently preferred

enbodi nment ,[085Honpasa tdlaad adpetththepreseninvénmioant diosttiuiotaadohgobioivn

aneliorating an. jnjury or disease conprises a biol ogic ent selected from
t he group Hg’iﬂétnigr?}%lfagglcégﬁ%trﬂﬁé@ V&fllpﬂlﬂﬂétufﬁéﬁpbragﬁﬁé??1%3%91’36‘]“%rg% eins, a
menber of t he, BV | S4PH&EH! ¥ V&Iipﬁrh:@/urg%pa{?atﬁy Reml, AT ¥ oPhpRFALENARN cRPE: @

protein having at |east about 50% am no acid Sequence identity with a
menber of tused B\MRosidbfaritbgtiveianitiunt ofiBologliseentad aGdrdaneic math thy ptes¢nie-ri ch
domai n; _and, a. venipuncture apparatus sel.ected fromthe group consisting of
2 cat heter nEEaPEeghEd EnSPRRt Rl Besios et SFal oSlially B6RRLY | ver
sai d agent ih@ma tik§iRWIBe site @€ dEIRGHP NInQlccérdgndlvRiaring @e&eht invdd@iod, sStructure
having functionally or structurally simlar configurations thereto. As

cont enpl at egnieneirF, apphatsiiph doviec whshtrrowdesmeasss smboHicahfetpheel to
ael i or at & AR LU A Qo li-3SASE R A MOCKELDANG. YEOLRUNGI VL. ARRT LS s
adapted to 1 Ver bi'o oglé)agen¥ g8 rAufa-xreet gion of a selected

bl ood vesséahmpldn@blbdn 1hd carpibher thasietsr, offah@bjete e rtrtiin ¢abbdiditnd, s@whhovi des
for a formul ation conprising a biologic agent in amunt effective to

anel i orlflt e APPEEHE CRMPRETedr defi e adiolOF @act nte thaabicst's Berinheral Baodn wi th
the Composiflais dSREHRALAARMNE imbiln@fth gabOd! Ment, the injury to be
ameliorated I's a mnerallzed of non-m neralized skel etal tissue injury. In
anot her enjo@58tent Tht klalledpractpticorer diils batenitiar weh sudl sugatdt ednipsnatetabol i ¢
bone di sease, osteoarthritis, osteochonﬂ{%{ dLseqﬁe rheunatgjg thritis,
ost eopor osi2BPaBRgeencrally; BRRRISEOPISABRITS PRl yervaeps; Pifondr al

di sease, 1 raHIROAGRIH RREI FRith AR RApINAN eRRerRl for 396 APURNSEAL thON,
age-rel ated cartilage degeneration, artrcular cartilage injuries and

di seasd$, fastdndtphbtokated vesntar ragma dihsleasB provadipgridevay sitamtd papberéf ect s,
sequel ae of s¥itenic | upus eryt hematosis, sequel ae of scl eroderna
periodontap@Pe‘sye regeneration, herniation and rupture of intervertebral

di scs, degquesgti ven eirtepaffendl ptdf@rdddmbotentabrAhebs 6f rOfmeMCSMr 0si s, or
injuries and diseases of |iganent, tendon, synovial capsule, synovial

menbr ane aritduseshirgliseasad; tssueepmpriseaigtsidrof @phodinginen adriaistialion sitoy  di sease

to Do ame! g beloh Sohbyale 11RS88E uell AR o ETRGIL G0 pISRALSEHO MR 0

di sease, chronic rena ure, ctentral nervo ma or trauma
neur opa@ohy,bislogiragaes d¢livierddyreyipheteitdin 4 amewlt kffdafvicad anati sgstemingdlly the
abnormalities, Parkinson's disease,. %ghthalnic di sease, .ocul ar scarring,
retinal scdPRFGHPRr dyeagnddispu i veCHildBakdeevEIerg hacigadie PoY viead siustrationet . I n
yet anot her.er i ! i [ i I S.in an
rount of 1 CAETue PRealmd SRR IRAShE kR ISRER! paihet BBt Lo taE Blon e
regression.agk®017] In yet another aspect, the present invention

cont enpl at t hods of . systenic treatnent using proteins such as but not
i ted to DMle oft kerainkeRIb e feishmgh Pl e ech F TR P RERTS Moy asi ve, As
used herei NyrefcR¥dbRMgEC a%&@ﬁ%MPW dRG|uredlbYedisabdd RMA-RIMREATZEd ARSE i9¥ht |
understand t hat non-local can include a nethodwhereby a protein or other

bi oacti ve agenntly prefartadodirsedf trentmentutSuel injaed ar diseagee tibsuc ghn b¢ aeorggnch as

but not limited to,a peripheral. percutane ite. so as,to effectuate
Creatnent af ‘e SEpaEB e AERG TRARIRe Birlts B8PS NPRGILT IS st
" System c" |e@Raledus 0. 5RARS, hitad pidietEpatichg abb@chduey et Ragfabam sburgifst er ed

t herapeutic agent are present in the blood at a point in tine. "Systemc"
admi ni st r atdbent téay. arderablymeqre thanel dave Anean cectyesmoant iy agowddi ent' s body
renot e fyrom 1 ' f 1 ik Q. nrovi.di t | ood

s OGS 0 AL 0% L0 h08 AR50

"m ni mal | y-rhitwagan S abeass) mitrogawa siogepaferatdnabpenod netrd gt @i adbalit 308t hods.
The skilled practitioner will understand that such methods can include
procedur es THIEY'ng an incision(s) or inplantation of a nmedical device(s).
[0018] In certain currently preferred enbodi nents, a nethod of treatnent of
an
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injured or diseased tissue conprises the step of providing to an

adm nistration site a conposition conprising a biologic agent and a

veni punctwoeosppar2at us for adm nistering the agent to aPblrasdovwesses

wher eupon the biologic agent is delivered in an anount effective to treat
the injured or diseased tissue and the apparatus is adapted to deliver the
agent to a [DoGl]ma- Aceedinggo anotbér dshecttho adenttasiabludey feftheadtbtipdd dfe physi cal

adm nistration site is renote.fromthe actual site.of delivery of the
bi ol ogi ¢ ag@tMisiioR ipet & PO LR ?erﬁwetﬁatdmlweélts%ugﬂmaﬁlyl itdSs a
peripheral giil&y siOR bd AbSUREAR Nt ORHRIFSELH: BTROALERI BMPIPQR ahy S

delivery, the biologic agent disperses at a rate sufficient to provide a

bi ol ogi cal lofhafpietcini disclabod berain, & bd suscessimbly adfmmstetedevidionecafingsidevery. | n
a particular preferred enbodi nent, the bi.ol ogic agent djsperses at a rate
of "2t || Sas CripH R Aririorh SE R0 QARCERIF R Ty B A T PP R e del i ver y
site is subatiands Anliviseee P 8Fa pARthOViaaUREkAN bahbtyr. URPLFsUTt Betheand
unconprom sed. In yet another, the non-vascul ar tissue at, near or adjacent
t he del i veropthstar deing heplodtimmlng tgshgs 4t thevapipupicr ogjiccor agamistrasionsie aeg
delivery. [0 I t her r . r hodj ment of ..

i nventi on, nngﬁgolt”ﬁct)%e(ge%Q irhgialf: ﬁrr%ﬁ% Sgéﬁ%aﬁﬁlg 1ﬁ{sﬁegéed§ad%§m§?ost%1§§%%o nldg{s%lhtgssg%rrpri ses
adm ni st er iFuy ckomplo, Abksl¢d-Sitdatictcd s Bhin€idedddARPAG LAt fonsce orapddysisich thabi ol ogi c
agent and delivering to an intravenous delivery site the conpositiogn such
that i d0i nehe frawnat the sefipenetuye skhasdBe pRRTINEY tehgad. Epmseamps, apqoyding
unconpr om i I . h i J he

ol  very'si peng b PERA e hon o1 ath ) P e DR AR RS S or
di seased tisswealing to thelinvanhtiore tlicodimEhtad’; ot ‘thealadimsupigssts ttat tssusittegrands t he
delivery site are the sane. .In other enbodi nents, the deljver ite.is
remote f rorﬁugﬁ%t}%aﬁwm@ml%fﬁ G0 (16 T i Ty IhPey il Badiai ment
the site ofydel daeig¥. 1S o@BPWbrdd, GEYGRAMISEF RM AdteRuiR&ofipi&e Rlpair of the
adnministration. Ina particularly preferred enbodinent, the delivery site

i s venubar -ivaradeorfaogprorhiscdisitst, hkkhqughhdishicotat it [hegleditneayaltc ¢omepletelyi very site
is sufficient .t rovide a.bi,o ically effective,dose at g.site rennte
rom the.siieerits BaprerapishdBATR e or SRl LREs EpodtintapERe

bi ol ogi ¢ agRitdatiagBLsSEScaddd Bsi@h Wkn slibst@@sy APPItd ithl e thsud Srowe,

anot her, the delivering step is acconplished using an intravenous apparatus
havi ng a divshigh masdnehidorscar thohe.damagi ng confi gurati on. [0021] I n keeping
with the t jiNgs r hpventihen, g [ e
b1 ol ogi ¢ agiieth s afperiig 0RS EMbod MERL NP b, BMIPAN LSRN IEE e |
t he cunoentgayierad &heaeld-obdagiaterah alpeaplidiEiniesseBuahthe dpliveed sios isdéss elased

tissue can be an organ. In_a particularly preferred pethod of treatnent,
the bi ol ogi®-2geWt! §18: ahoyhy s o4 HREe i Z4m fregsihe sie ok adIBIsHRYMS, nor e
preferably . . . s 1 day,
o of or al ‘e LRl AORHE canBR, Ry SRR ANRIG sp SR Rl SO o
t o about 1@MProempegermmlbé nivtlmldogelodagbastep rbmeropu@hen atthytealnous 50

m crogramto apout 500.m crogram nost preferably.100 nmicrogramto.about
300 m cr ogrXhP #6053 of hPUHBE Het a&gb@é&r@lwgep& Hpe ARt Tiswatansye
provi des fqp haallWiEHMkk3hiheRr GO kR thattHRiahPGkPatRAKRE id MbAREy ef fective
to aneliorate tissue injury or disease which is suitable for usé with the
met hods desuicomprdnabasl end fdo@Bfering BMBtthepaagpest said ¢aghdterveheiconthpr ovi des

kits for usge,in system cally adnministerin bone nmor phogenetic protein to
5 pationt | KGEGTE horuaRan ¥ R AboRh S fier foorl aem & e et AT Hone
mor phogenetsgite op b@hRiidiradibd oAthR It phadrinisiagén! ar access structure for

peri pheral i | antation in a patient. In an alternative enbodi nent, the kit

further indPOeRs i hbe pkibed etisarf wil appsecesie Buf thy teedmant sadadmigiiEomone
nmor phoggnet | otel | ent, Vi a. ' I 1Nl ' n a
furt he%%e nbd(% Pﬁesncif?h?%%gﬁin%&%re ﬁ@tﬁ %%sbeﬁ{rl %ﬁgebfﬁg{eaéo §%{ye§‘%5§ﬁaé rI1]‘|9 ﬁlf %r{ ration
and a poi ntindividdel inwésw odhurhdreudfioeraine ldge betrot lipiitet &, thesindichdo ehegr eat er
{ han rlmfg},ggg[?téqgfyﬁéfﬁﬁgé?éé‘a:qi}agﬁttﬂe%‘hy's{éaPéJhE?a%?eﬁs{iQs & dh TS od! ment . the
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BMP-7. In yet a further enbodi nent, the bone norphogenetic protein is
provided in a conposition conprising a suitable pharnmaceutical carrier.

[ 0024] | rwarrotomeso2enbodi nent, a kit includes a bone nor ph®gsaeioe41ps ot ei n
and instructions for system cally adm ni stering the bone norphogenetic
protein to the patient via peripheral adm nistration. In an another

enbodi nment , Thdnepduric Ihtertdneipnncl udes a peri pheral vascul ar access structure
for peripheral inplantation jn a patient. | n yet anothe nbodi nent,, the
bone mor phoia@%t i cAﬁreéPa]éWﬁg @éo‘@wrﬂe?nvqn@e%siso?F@Vl@%rr%ﬁg?c{w?ftrgﬁ@n%lf Hepe
features anadco%l%@f%ﬁ%? %eoﬁresteﬂ‘é‘in'v&i’t%tdoﬁfhhﬁﬁg X\ﬁ‘;l ﬂ)ioﬁy_%ict ei}g%ni, BY fttluPiioht sel f,
wll be nore fully understood fromthe follow'ng figures, description, and
cl ai ns. Detthérkeld iDesamoptt kGnct{V@0Q 8inclitratepmd e mrevientvarytkinomwnics potesgel on t he

di scovery that. .an .exenpl ary .bone norphogeneti c protein (BWP),..BMP-7, can be
ot ovi e’ ndiIGEPE AT TG BP SIORE BRI §TEB A SQEROLOTAIFENED e f act .
Practice ofanidi@tPhesRnh ahfowenéf ObloReld kst it it bRtQivansltreaRedhefion in a

i ntravascul ar peripheral adm nistration of such an exenplary protein for

systenic t Hefpengenismpompidels iskdrvisteradn doagyample. the BAH rmalations of the
Chserved.  TRPLER i pPRCLRREER Lol Bl AHRORS A AL B8y fRES such as
BMP-7 using routine rnhjection 008" cconpanne@ Fn-rats, dogs, and
monkeys, f afssgsadiehad bone amlrdseilageo caddiedfatigt & desaivedibaw, bt Bt | i ni t ed
to, edema, fibrosis, and forpation of bone and/or cartilage in and around
bot h t HE vdewaylatigns ofdhs p¥etiongan OF yaqdde tegpt diprases ardnigricy Heothsittisgesct i on of
the needl e or e . i g f : r-ecl ude

i njection J?G?ﬂe p?gégﬁ%ﬁ$ﬁ?%gﬁﬁgﬂ§§%gég%§£%¥lﬁg§§£$ﬁgﬁﬁgﬁggﬁg§9tmﬁce,

t her eby necemsraliatd orghonsminefalized ykeditdlftsgeninjyper Inpdretlelr cmbsdielest, theadi ng t o
an accunul atj on of. undesired effects i very vessel used for injection. In
clinical pr&dfY AR beptrsoreed dusiebalisdede disf8ceLoBFBE I udes

adm ni st r atdsQacREHdeal iR A ORREmRRd ¥Rk s2BleoRtds, PAgdiQ dsch @, BELdDRRtis,
eventually leads to an inability to inject the protein intravenously into
any perlidphealeatindgeoesds, ¢basiil difeds2 fhumhenguced emd miflaertioonndicpd odrtikige he

di scovery that en intravascul arly adm.ni sterin n_ exenpl ar rotein
such as BMSCRUlesTgar st gy dcacbhieh crBalid e g R Sd et va
delivery sifyp ttﬁbm&ssdcmlagybﬁé@@&,Isalbérﬁciyn@e@@mg@a@f@&si,-seadr@ae dfSystbiiat the
actual delivery site, any of the protein | eaks around the vessel, into the
vessel wal llupusrerythematopis. ssavdleueidiclegodarma.nesiodemelfissprercgentsdfioned ef fect s of
edema, fibnrosi.s. i - Lor i ' - r t he
vessel ana/riif AR AP R TP A SRR Ul BRE b g RS
present20i nuis, basodont@ses: idjuiies hhddiseigtd ofdiganeht, padbe) synbvikiccapfige,bl ood
downstream from or past a point (for exanple, at_ |east about 1 to about 3
cm of any ¥YPAAEMEROHARAREMCRISE listuee [ranothearmpagigient. G BTy g5eitar

punct ure Siyh g affio AN 0154 Hoa Q1 19k EdecliBy LPatsGBRE! reRhMfGast Chrohfaumma or
danmage permts eaﬁageo the protein into the tissues of the vessel or into
sur r oundi ngetdl sales,.ceithd meproas systanl isaberdase tiabmd, feereparhy, rfogorineusmt | on

enabl es pratein delivery jnto a se nt of.bl ood vessel. which is free of

ol o5, _t banburh dareHos ol drerAties : OFﬂ@_l“ﬁﬁﬁ%ﬂG&fmn_p%Wé?arSS’tqpé‘HlaHPwt he

bl 0od v8SSEgliscadlS 6@ RERIRL RUNARICEITRg, SNAcdriRIii@bes STV YREoRIAGRMENT Of a
cat heter through a regul ar needle or "a catheter introducer at |east about 1
cm past, arthcup to about 5 cm past, the venipuncture site, but in any case

at least b any,, fhduced a to the . vessel . For exanple, the catheter
21 one. (i ¢ HETE0T: e BB b et Pl s hE b et Rasn s EY B as ¢ b

i medi at e shéph&denedls hftiGhé aldbrpidieendshiefor 586ty bBiRNcaMtnimmhRenfrébheaded
preferably at |east about 1 to about 2 cm nore preferably about 2 cmto

about 4 cmfremiororeftilage. uphis moapwgenigactévy ipelydes the akilifyetoghdugeni punct ur e
and/ or ,past __ar : ' [ el Iy
de|ive9§d.I?ﬁQ%H?Qﬁgfgﬁﬁﬁggﬁ%§§H§¥m%ﬁéﬁﬁﬁggwﬁ5@%%£§%ﬁﬁ§%%$@p§§5§£|| as the
| engt h of aadih&iethe difédentinel thepetyge thiroughahe plgrspien o€ svenadat ants ivei ght |
and/ or size of the patient. Any peripheral vessel can be used (e.g,, hands,
arns, | egs,ths Eamatpypihoneheariilgge ngn-Hap 1?6%%%@%1 F ggimegtive tissucs, and

other adult tissues.
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the preferred vessel is a vein in the subcutis of an extremty. [0028] As
is explained el sewhere herein, aspects of the invention further include a
prot ei n fwormieawses suitable for mnimally-invasive sysPemius2aelopases y,

i ncluding formul ati on paranmeters such as pH, excipients and/or
concentration to nanme but a few, as well as the rate of adm nistration of
such fornul[@0é6hns HAodexahiphs BMPRs cimsdmgssd €dr ttchensa repracan bk o hietlovi a

mani pul ation of fornul atjon parameters and/qr rates. o dm ni stration.
[0029] G veRCTEHE bRPaMAahiy mebali sérsp%ﬁe%a&e@&d@ﬁé@%@ﬁ%@%@ﬂ@t’t hat a
nunber  of P&t oSs Of SR enSL AL SInE Rk TinkeASEdIT: toh BsBNEs ﬁﬁfr‘é @Qé’ogeﬁﬁe _

i mportance of the abovedescribed m ninally-invasive approach to systemc
t her apy carmproinshes disdescdst UnaitRatknt No. par4.8¢4the dischesuabsodfi whibloar drebgases

including mneraljzed as well non-mneralized tissues f ecte er eby
ore of o g Ratalea et B MR ORIy Vg fRiteared s EEHEtbntalne £ s
a number  oftjsgySleg i fatfbnS TRnerad hRtRYs FarpcrbicialBVE:d lgsRPioaaRinge benefi ci al
including tissues and/ or organs affected by di seases or disorders such as

chroni ¢ andsteegenc Riadeiayargidssstpsed ingdy e Patsal Me.os1 3,8 TSutheshssigpurcs lof odicd,
obesity, di . I l-ar _ scafii IV fihrosi i.nf | anmat ory
di sorders aa%%E%rgﬁ%gl(éé%gast?de%%ifegg}%é?;MP{%(H{S:J%%@ foer%%leg?el%g%r;é%or “ier, when
an agent suGdhecas nathddsBbielivick YegdBebE6n i1Sngd sytaletid plldteids teydibdidsedan Pes.i pher al
bl ood vessel via a_needle and syringe or using astandard intravenous

t enpor dfy dEWENr 47 £86.Hhe eisclaseridieiieh g icydyynepeneraieyl by reficeenr

assoct at ed bl APEKRL GGRL LTS LEhRGLH Bl UGAG hldibier o eders,

fibrosis, ornmati on of bone and/o cartilage in and aroun he vessel
and peri vagouatment bf sisoes ratal fhibirs igieg ofteddreici proteod uod discloset it RES.Raeoht e

and/ or cathete e d., the venipuncture site). In contrast, directed
delivery o R Rl (eIt B H 050 NP InGPRENEr Oy eéﬁ%ﬁepgﬁ\('ﬁ%o the
vessel 's | yaRMefuQLd ﬁp%angin@rfuﬂ@i"oﬁal%&ovfe{%f fo%%'fﬂﬁ &ntrﬁ’lar%v&ﬁ%ys%ﬁle of vessel
puncture the typical undesired effects of° edema,” fibrosis, and formation of
bone ard/ oriscdhamid dragminian Gengrad mestirogls tivecnhesaied fumatdéml rqvevérydelbaviag ti ssues
are absent or, sliT%ni ficantl Y, ﬁi m ni ihed at. t he, i mredi ai‘e Si tﬁ. o%) %ﬁpe

i ntroduct i SNEH TREUREEYTB 1SRG T EEFRAHENE QAR PRSI HR FAEEOSY By one of
skill i n thegsapitentNs 7O ¥ QlistRutes ol GRRAGENherbRPMcbipBrasddzy, of the
species receiving the protein intravascularly; e.g., an entire rat may be

p . : : -
about 8 cmirferinspgBl Brecad be ysedafor ingemaalsndntec gropdr Eeorcslinhests far dog may
itself neas - s [ r el ult human
naea str andeiri s S RiRe oBs et MBI P ARAEERER U SR AR | T
of admi20i sta,249,30%, tHehisdldspredfof tahéchcat hetby incarpobted b esféretccatBNIRasdn 2 cm
beyond the point of admnistration prior_to deli ver¥. In a further
enbodi nent ,Pediseh i dagicingdisud celhpdhsgione Geaeral mabodsta mdisingsuiaheclli st al
tip of af Y ' ' ' [ i
subst ance. '*Q[dg%s:ééﬁ‘ﬁsﬁ/%é gsg?/dg% %1{0 s&i%{sngg&p g‘?ﬁ%ﬂ%@\%@? gﬁ{ﬁég’g?%?@ég%%cts of
t he i nvent idistldsurdstod whichcdreitlerchy preotperated by mifi¢rab¢corBNBs tatbeeusked for

m ni mal | y-i nvasi ve stem c ivery, i.ncluding fornul ation parameters such
s i exoitaRY SRS ot rgh e st et B R e ¢ he
rate ofysadrgrBicitibAbl Ptk koS aRed @Ml @sﬁe@@&li@?@t&&f £eiskRs&PRAISSPAREN( he
sanme acconplished via mani pul ati on of fornul ati on paraneters and/or rates

of admi ni st¥at6,¥6,720008 Zjsc\usittce of whichrare bérehy wadrpapytd yatcfweceof pr ot ei ns

such as BMP S I l,..as ot her. nenhers the TGF-b,superfam |y of..ti ssue
oo ene Toa6fl®) MRk BT ETAE ReRla P ACGaRe B Ao Shidn s
i nduci ng | agghe. britexgtidwtidsiang tHeapais! whethecdibdak&bdr dagf@ad, Proidfthe s a
nunber of systenic di sease states for which BMP thera can be beneficial.

These i ncl wieraptietegperiy e allowtheggokifsragioplane sssusrspcsific E%feé%iaﬂ@n Bbne

di : : . L . i zed. ti ffected
Cher any? AdTPETIAEs " B B2 Ed o AR AR MIEIRLS, DRkl e ol 200 ©
di sease st atagdedmofurthi hauBVEP by Rereiqay meams, b viks afmabhdgenivally gemgsdivessues

and/ or organs, affected by di seases or
environment.

24



di sorders such as chronic and acute ki dney di sease, atherosclerosis,

pul monary fibrosis, obesity, diabetes, cancer, ocular scarring, |iver
fibrosis,wonbleznysesory di sorders andnervous system di soPderus201o24a0€o0r dance
with the treatnment of such diseases using the present invention, non-I|ocal
adm nistration of BMP-7 is now appreciated to be the optimal approach.
However, t r[ﬁoriﬂ]es eBMPsnalendandr used toheevano of subs@antidibt inbibitseattisoumal |

currently- e of system ¢ adm nistration, h as direct

peri pher al %nsfpﬁg‘rrn&rnc@uaf IF Gginindyfito @ OB b s AP dSfisr or
intraperit %@\?b'ntlﬁg M Hogtdaalidobs mfg?itiﬂﬁbrbﬂﬁitygﬁ@ﬁoﬂ Bifft AR T onnective

adm ni stration using a syringe equi pped th a traditional syringe needle)
can have uridew. ridlesarspleeBMPs cambe ushidfgr pﬂm@mmdm@d onrdbgessepifc bone

and/ or fibrous tissue at,.the.in an sit r . i nducenent of |ocalized
P06 B oot 48R NG b Sl R b el B o e el o neq

el sewhere neom]n A@%n@thefs@;@hlpwmmps an AR rREBsd E&nﬁ@é&le@ﬁﬁééﬁnéﬁﬂeﬁ@“ bed
met hods for crrcunventlgﬁﬁsuc undesirabl e effects and facilitate

m ni mal | y- |d‘r¢ﬁa§hevtélpsfyis<tt Ecseltsewé dgntalf pudp m&ur:@gmurageﬁba&e@lp%ﬁlal ly a

D M Gl RTh IR 8 SL S RihpoBMpab S0 BeRR Ll Fur £ et
under st ood ¥ ha vasrve SYys B elTvery as=contenpl ated herein
does not i rtﬁﬂded&aIQ{ea\l’ous@?s’tﬁﬁf(eNSb r@mrtc@@beaésegbeh Iusiﬁgyr ratBr@ihGgibandpent s
Includrng Bone Morphogenetic Proteins [0033] In prief, the present

i nvent i'8n d8AT¥npI @@ cespapf shelstal disenderspr ByBhsrof dgdors cr%cemse@remr%@%s One
sui tabl e pr, a
preferred b?%%@gﬁﬁ%ggéﬁ?ﬂﬁggghﬁgg?ﬂ%Ehgﬁ&hgpggégggggﬁi?ﬁﬁ#&W“%Q%%UbIe at
physrologrd@Mn@ﬁtoEdhnemHnm;ﬁpmnheeﬁ&ﬂmuhaﬂmnpmﬁterﬂ@ommdesbmmlogrc agent
is a nmenber, o $ b sugerfag£%€t rot.ei ns. Qf gfese I.nvention
further prdip gy g & OIS OL e ot tiBEs [gHen dglont ok wEilagsugctiRiiBer of the
BMP subf am JiyeaQfs drig 5 & %jqrﬁerrﬁamcﬂ th@kis PR A eﬁdrésteda&hﬁﬁr t@A})_gqbodi ment s
of the present |nvent|on the proteinaceous biologic agent is BM-2, BMP-4,
BVP- 5, 15VP-a8ditiPaugin@Dmes|iscams-se¢h @ﬂrsygbﬁm?lupumelarﬂwn@r@m(@a@awdr ment of
the present jnvention, th |na ous b| The
present 1 nvElsTTGAnS PRy B Mk Fr BB B9 st S G TR rvsér%waé%ﬂr that is
sequence Vahi@dftsorfe ARMa g@ﬁer%cﬁsea%uéh aﬁ%?eoﬁrthﬁﬁ/f’(@fk) BP- 7, CGDF-5,
GDF-6, or GDF-7. In another enbodi nent of the present invention, "the

pr ot ei naceduechBnisms Hiat tusg s narmabaginpefartiowandaigage infeths patplngicabO% am no
acid seque t the
conserved (rl?% Cesg%% :uhél/t t%@%@ﬁ?c Q%Sﬁgwtf&%ﬁggggfsg%sgg%da?e# B BMPs are
a prefemredmﬁkﬂanﬁm&nhn@hmgwﬁhﬁgﬁa&uﬁhhepMﬂ@mﬁﬁ&nﬁénthe pr esent |nvention
and belong to the TG--b superfam|ly. The TG--bsuperfanmly proteins are

cyt oki nes characterrzed by si x-conserved cystei ne residues. The human
genone contHAITHEAESt 42 open reading franes encoding TGF-b superfanily
proteins. Tg724G- Bl(ﬁb@gﬁé% l}g Q%Eﬁllgﬁl\@@ ofithe éﬁ@s%ﬁt 1H€etﬁifo\ﬁ'cgfr‘ge' nto the
BWP subfamly and the TG--b sub i ol ogi c agents based on sequence
simlarity farulated fmlﬁlsuatmtgnalmatrgmphpmﬁayblytaﬂatmmheyneadttharmfers pditte BMP
subfam ly includes, but is not ted t

P 3b (o pehaasetcs b, Tapmeat Qi e CippthopbRRb PR loRkLL o o
1 or OBsl),acBMRs BMIET: A curBMH E’ef&% é“rhbooﬁh@nt%f(t gont &Mﬂqd& ed |

( GDF- | I) MP- 12 (GDF-7), BMP- 13 (GDF-6, CDWP-2), BMP- 15 ( -9), BWMP-
16, GDF-1, adpMP3orrgpation Q@mwmng trwralcsz)pre&rﬂblmma@os@meéqc&tr hl)lfferF@lpst

pur poses of, L B BANS 41 IKGALB0 AL STnSHRRL YA Ly BEOLAL Bial ! ude
Par ti cul ar lthe piiBfitheagt tprpedoticd thel afsicthidetidB-ctboBMrns ¢itble ke invetiognd - 7.

A nost preferred exenplary BWP is BVP-7. BWMPs are al so present in other
ani mal speciell gsigpy R Al varianthardempdifigatioas of thegygsept laﬁerrtwnelw thequences

f f t
vari atign akand AR RIS b WIER RADLNELR Ry 7S HIRLR BnBT he oo
subfam |y I[ﬂﬂ‘}’Zﬂdes Stib diarthes, thebioldgit dgeat dbhthe ﬁﬁsnt(lﬁv@npn TaFbdddministered

to the mammal in need thereof either alone or in combination with another substance
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TG b2, and TG--b3), activins (e.g., activin A) and inhibins, macrophage
inhibitory cytokine- 1 (MC1), Millerian inhibiting substance,

ant i - Mul I woi2ar/deem25one, and glial cell |ine derived neurorTuspiioo2f18€t or
(CDNF). As used herein, "TG-- b subfamly,"” "TG-bs,"” "TG- b |igands" and
granmmati cal equivalents thereof refer to the TG--b subfam |y nenbers,

unl ess spedinbiwaab hyvd abkirecéitatefbddoen wsse.m¢rPb3fehesih eEXdplts cfispetifam |y is in
turn a subsef of the cysteine knot Cytokine superfam ly. Additional nenbers
of the cystsé‘f’ﬁ%n%ﬁ Creif ORIk plafle &e}gw TRt P SUDERRCS 18t HOmaNs fsted ¢ o,
pl at el et d%f)é(ﬁ&h&‘é@é’ﬁe?atfoﬁ%h@[or (R hflad@sgidhabx 91%5 Beldcall BrRwirdract or
(VEGF), placenta growmh factor (PIGF), noggin, neurotrophins (BDNF, NT3,
NT4, and bNGRulatggriwdotisopignwthoh bstcompdtms indutiduapd, for cxamplel mgkida ba7areand

coagul ogen. 037], ,Publ i cat.i ons.discl osj hese sequences, as well as
el e nok il i aniEht S Eh S adis e AR IR 2 U o pat
No. 5,01 1,&9é{{hetﬂas%ne,Péﬁr\o/\%%{)andﬁCﬁﬁﬁoﬁ%@rH.OUééiﬁﬁ'Dédffa@tbrsafbr ndeVBkslie ,r?%ir pp.

2085- 2093 (1990); OP-3 (WD94/10203 (PCT US93/10520)), BMP-2, BMP-4,
( WOB8/ 00205td \neeonesatien cail inclgdp.dn are mod imifsd to, BSD@-grewih fagtosg)QtheBpiub and

BMP- 6, (Cel est e, . 98439847 .( 199 h t al,
PNAS, 853, pc‘é.%acgoggiﬂcﬁ?géy%‘%%f@%“ﬁ%% C?’P%éélﬁéiﬁ@%% l?“Y%é‘t lljﬁr%lget%é/ 22 eppfle 81- 84
(1987)); Vomtisdpkegkstibictd, anthiiral ppd aGin @6 4gdnt 8d1}esid3Mnd AnésMABRE. 33830

( PCT/ US95/ 07084) ; BMP-1 O (WD94/ 26893 ( PCT/ US94/05290); BMP-1 | (\WD94/ 26892
(PCT/ U394/ d89%H) ; Brill beepprssiated d3shesociiliodan theLnttie, copsmiratian pighgs/ 16035

PCT/ Us94/ : - | . _. PNAS,
5 pp. 4250 Tionds b ERA GRS Re o R Rl B egn utper
(WD94/ 15966 f(FRETH USEMAD6EHout ERatleh (H\EBSEEFER drRCKY hiSaWtihistteDhe GDF-1 |
e oL B . U R W A TS0 1
( PCT/ US4/ Q@@é&ﬁ&iﬁné@%@ﬂé@%ﬁ%&ﬁ@&hb@%@o%’a&g% b@AGMINERS/EA GRIY kel
( PCT/ EP93/ 00350) ) : GDF- 6 ( CDVP- 2, BMP13) (WO95/ 01801 (PCT/ US94/ 07762) and
Y o st ooty e Gt s,

. a K . .Nne apove
LUbl T eat odisvis s bbb b g berllerta s TR lls Porer n.
"TGF- b supsafibiaBichle MBI thedompbtitd BelSHEE AR IMIaBbObEIhR cOmPBANE tie Prot ei n

known to those of ordinary skill in the art as a nenber of the Transform ng
Growt h Factigesengs upcgpes)of sypiprentsrin the fognulgdenraafl the rogigeH apmanigtiai®nar e hono

or et o1 odt R e SRR TRALAS M5 RLEHHLRAN BB PEALLAR £hRLRRGonL ol nf ng

a hydrophobi ¢ sig sequence, er gi on of several hundred
am no @0i dsyhea& e picahdddds eangde fdinnateandd hgkpgo aboudn igaty & Bedy evdighnakr dggi on
and a highly conserved C-term nal region cantajning approximtely 100 am no
aci ds wi t h “ithmareaetesrdose range Peingifioa aRaut P- HAYKB P g%@ﬁé@r(\f@edg Weight. seven

cysteine s . Qﬁﬁgf r el eentified
as being iﬁ@%ﬁ@gﬁiﬁﬁ vé@?éﬁ@ﬁ%ﬁgﬁg¥g%%%%éﬂ?gﬁqgﬁgﬁﬁgg%F%6g§%n$w%%term

" nmor phogenidinmiat would apgent tha the pifatiet doseslob tigi presehbinty breion@en be
superfam |y of. oteins_ which has true r phogeni.c .activity..For instance,
steh & pr o BIARL RLHSRBT BB oy atem SCBHOGE AYATOR HouH 0. Brispnee i o

and/ or 250 i fitHolyeofahEHSERE Andfh EMBRICEI dHdrRtPstiELsans Iralyidhl PALONRY t hat

| eads to the formation of cartilage, bone, tendon, |iganment, neural or

ot her typeslaflydiitifie therskilhinetic ait ¢s ey, tediéndir ngtiorreldoses in ey obmyantad]
cues. Thus,fan%hqggnLc &gﬁpﬁins useful in this invention can behave

di f f er ent | PH HPFFEPURRCKFPBundi ngs. In certain enbodiments, a

nor phogeni qo@73t ei Pufiarté thelpareitér® Bnd ashddord ofesmih BRboGRREIRT R 2
het er odi mer. speci es. [ 0040] The term "osteogenic protelnb§CPg" refers to a

mor phogeni dnynGiR; the evidtabildy af die biclpeippecnsan Peieriitiogcé iglarpthedate] to
form oaft! | A% ANRLOL AN R B AR N CATRTRE DRI RGN by
endochondr al” "bone. st ost'eogeni c proteins are

variation of properties such as but not limited to polymer type and molecular weight,

use of a rate modifying agent, use of plasticizers and leachable agents and the

concentrations and kinds of thermoplastic polymer and biologic agent.
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menbers of the BMP subfam |y and are thus al so BMPs. However, the converse
can not be true. According to this invention, a BMP identified by DNA
sequence Wormiloagg926r ami no aci d sequence identity nust &CTaISh@v®24106
denonstrabl e osteogeni c or chondrogenic activity in a functional bioassay
to be an osteogenic protein. Appropriate bioassays are well known in the
art; a part[oezdlar | Ratesaa‘)difylﬂig' ggasaplasticitdneariieb arhablepigentb oarebd mchEtd wn assay

U S. Pat . Pat f |
E 0041] Str J&?%gsyfefate il hioks BEY | e oG ‘bt?ao‘%‘i“?ién I Evp
Tononer  CorgybaaR . erHenteRlSa Alnflauhliae andy mAaddi ti onal

i nternol ecular di'sul fi de bond nedi ates di nerization in nost BMPs. BMPs may
f or m honodimkers. deBombnBivis thaypatior oh thetate odilfpng agawmzoapwated(mtegsed as

r o- proteins .co sin Jon r g- donmai n, one or, rore ¢ sites, and
D b ur & adhain: ReRenafstgeiain i Barsbus i e rte ORIt 1 o1 ai no
and processkeishdafy BMrgobohitink h@b@l@ﬁﬁr sy sfenSOUFe afdéptaBRasahte nRMASingd &p@nts
pro-domai n may noncoval ently bind the mature domain and may act as an
i nhi bi tor (aadglso wmilé@llétmadlﬁe(smdif)actgn@wgmtsae??mrgﬂﬂ@lemge%@ye et @942]
BMPs are nat | | S, .pbfo 0 mai n,
one or - or & g, OB T IR Bl b B o PR AL B s B8 e
processed hyitty Hlﬁd&@dttf}bdoﬁi cBS mlrsawn iovegtabld oilsdindeht Hkéelhy e BVP nol ecul e.

The pro-domain is believed to aid in the correct folding and roceSS| ng of
BMVPs. H(rt Henstiationspisyaipagnats wibhindhq mpumecan f3nge gn amguiaivio Ryt %

o o b a2 BAnt R TR S 4T S ARSI 86 o 36 180 RAAIEEETTBRS! | o
[004ﬁ] As cuprtbd'ﬁp@rﬂed}fehaﬁﬁy,ﬁhestehaemmdnffyf@\agénus,eﬂewmng a:geatsppl@Stealzerd)ﬁidoRgl ng
basi o of | DLREED MYt hermich B derieiref s Pt Mo STBPG0 081 s

i nvention, syl pisein KIANES o?%&dihear@M%o%?&t@dmér&nm%fe&éncb%ﬁth%eI east 50%
am no aC|d Sequence identity with a known BMP subfami [y nenber within the
co B fs er \/lléd @roesmhnalh:@%bsnmrmmba whd d@daowmmﬁble@mldimbt?ﬁgmégoé@ h&h8\WP

Su amly. ers o can ave essS an r am no
Sord sequertiagihal vrbbaitiy Bl Mool StRpisd i pab iy hugpd okt e,
refers to Pv(ll(ﬂhﬁ&Hbsarv\ﬂhhﬁéthﬁ&e@s@tlﬁ@so@@dlﬂza‘h@ﬁl#@c@%@tﬁé&ﬁd)l@@fb% esl@rginswapped

variants, and truncations and active fragments of natural ?y occurring bone
mor phogenetdeeradpigpreiatmsor cxesiierate efsnpeeries dorthe biolqgioagsinhsHerseneHiert r om t wo

di fferent n

avp. 21 5 e et i BE e R AR B o et Yl p YR 1 e
and het2or odioneedizethpHudedifHing sgedetanasiibity molibie?) da/aa3520dty phFetréd 087053,
WD 05/ 097825;, WD 00/ 020607; ‘WO 00/ 020591; WD .00/ 020449; WO 05/1 13585 WO
95/ 016034 aﬁ@dﬂ%@gﬁd@w?@po&pmqﬁt TRESENS iENtion &‘@fnpﬂseﬁé&Pé%?élﬁ? PHor

" bi ol ogi ¢ I t) as used
herein i ncf}g%&%ylly%?% ﬁlc ?Iimg}\ﬁ%l ko 5%?%12% é&,gbp ;?lglx% ?a‘éﬁfﬁ%ﬁﬂ;r

phar macol ogslubﬂhﬂt;allaamarmsesﬂnb$bhnhdast1¢1hate efathe holodioggint. yInmnoﬁtjespEIthmfdl ly in
t he body. A ent i.s a bst ance used for the tr atne

br event | on el 8 8EberiGor o Y RS TGSty SORRE SR PTpGel Y
subst ange vmbcﬁm@gn&ge% §r ohRItS i dtpBoRicd MRCdoh8tht@fiok BEqRAAY, thef

pro-drugs, which become biologically active or nore active after they
reside in mubsimttaél(vtmcaeqsmfh@rdlegl@dmwwwlqurtrsadn repvifitonerernier. Thesbilledar i ous

form such A4 Red BEEE B PELH R A BIREReco B b Tad AR bty

esters, amp@ﬁsl,htyeh@dlﬁeMpﬂhnad@y@g 2t O®, 6Rd toicGtrhomfied ofiRPprésehect ed into
t he body ef erred bi ol ogic agents include, but are not limted to,

prot ei ns havyagion isar by eubsilitess Meddisdy vastodiie nagrd o copcenitisEpuind gpEmyAsdes
growt h jpact 8"v§ew BPIRGRESs fallold SIAMAALLOMb 1RGEQS, thE Y5l N8 Rasc FEMRE! Nes.

and ant’'bod
nature of the carrier (if any), the indication, the pathology of the disease, and the

physical characteristics of the individual.
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[ 0045] To those skilled in the art, any biol ogic agent that can be rel eased
i n an aqueous environnment can be utilized in the disclosed invention. In a
pref erredwenbudioaeat, the bi ol ogi c agent is protei naceo®sT/USRO1@0{INET
preferred enbodi nent, the biologic agent is mnimally soluble. In a nore
preferred enbodinent, the biologic agent is substantially physiologically

i nsol ubl e. [D87F f uFbimerlationsioé bicdsbie afmdi ofethis intchaoibral ﬁnguher agledt onsor

substantial ly insol ubl at geah ? ol.ogical pH .In anot& ferred
enbodi nent ,MRE* PN By O PXCIBIRRIS ARafeseibPdjB i ndtaof el dosi ng, in
vivo, with qufafrﬁt%éu‘fzgﬂle@m%zﬂzg{ts bubBYHed J(m?ﬂfb?'ﬂ%f@ﬁl@l%a)ﬁ ﬁﬂnﬁ&’d&ﬁﬁealmr €
preferably 48 hours, still nore preféerably one week, still nore preferably
one nont h, A{@Dc@nwﬂ eltndntbﬁ 8hmlelteuta:bl Sfocs@yef GircatBmitéis.. Ekeipmntssha cpabti cul arly

f de f
D upert a1 ey g thq g a5 o (BPERylfo By BRIEG e bt anmpot i
bi ol ogi c agﬁmﬁe %r%s&@hﬁ@ﬁtﬁql nEREE, e 218 RY Anfted d; RE1dNg iRl agBME- sch BYRcéic
BWP-5, BMP- MP-7, GDF-5, GDF-6, GDF-7, as wel |l as any and all” variants

and honol oga%isgl@éwémetwﬁmd pitria apid dumarieadif, @Whhﬁ@la@tﬁadﬂmée cont ai ni ng
sequences, S n 0%

pr ef er abl y h\Ma Cgcliogc aggf/% r%grggab?ler Cearca%lp%%@bfleas%i 8}!}@5 1110% aﬁ%(gf erably
at | east 85;%fuﬁm¢ie tagtargt mwmel daﬁemtraﬂtsy sWet 43, ﬂé’[&‘[dﬁﬂhﬁfb%m{e ﬁbé&iyﬁfl ne
dormai n of BMP-2, BMP4, BMP-5, BMP-6, BMP-7, CGDF- 5, GDF-6, or

cont enpPat éépml@fléqewnepwem? pelgcainpilkalingrechisofushias atiope aEmiape spéwoalnt s of
any such BM2s, I v n cid

substi tuti onanoffif e BEbaR SnGREVRRLICARRR KA BRS¢ hese
variants r esbehum lbncmibogate,asbdmntborattysomlunpaarhbthae tsodiuhehyaadiigde tfobrnmmne;As used

her ei n, thet?rm BWP rel a @roteln ar "BMP rel at.ed rotelns means any

one or all BfIHENG BDGHP theoncr YEwBYcasT PHEYERPE! Protarhesusef ul
herein i nclsue'@a@wnéﬁn&mn@aﬁluﬁaé I¥n 2HEIHidrh RBIORAE kyBtGH, BeR)dMBeniufC! udi ng
allelic, phyl ogénetic counterparts and other variants thereof. These
vari antl$ i rablardie, bz akaly bergylaleghaigbugylparebe, attwbxyﬂpamureﬁhbrldv,ar y| ng
N-termni, runcatedo ted for ativ rot

Useful or SgeRetal el e el ot b rletr B miSp o it 1
produced (&n&hylpafdbéLiodsim, %henéﬂll?@éi‘l%rle\%ﬂtaﬁbﬁél ph@Rthébeseadchad, are new,
nor phogeni cal |y active menbers o eneral norphogenic famly of

prot ei ns. Nbgesmsfeungmititenotaspionm @ﬁéo%lm@@éﬁl}lﬂl ottty drany lpdsahenl ar Access
Structures n LE

cont enpl at rgll%(a‘?%{ab ! SB? {u%(séwg%ﬁlcﬂ th (%% g 8%mucﬁse:ﬂ§d1%a %te SOdeYI?ﬁItoﬁi)O&satebut not

limteoto sb‘r’tﬁs ec@fthtrh\@oéﬁﬁ%hianslu petidxadanksy sudMHspzh;caﬂb& aoidiao@ibly ypdlmitas] ve. As
used herein, "syst c" non local. The skilled practitjoner wll

under st and ttuﬁé{gteﬁi,gﬁdrpgs%moéea,bu}y,lﬁ@qjl@girgxﬁg@ﬁ% hiprnhephogoysAstdei n or ot her
bi oactive %@%hl?%lyh&%fé?ﬂgﬁ?gal a‘Pe RodHR BfthaldlhyAe ShIfG Fark %Baﬂmf' te, such as

but not Iim per cut aneous te SO as to effectuate
t r eat ment oﬁetalblwlﬁtdapc&hmmshmm&aee Iooldiyr dlaxlhertoctdphero] tedopatrotshacipiangd; e | ocal
site. As ui@’? herein, "m.ninally vasi ve’ a.‘;ls non-i nvasi v

[

0]
non- open- f @“&%F‘%‘?né%llsu%%sh%‘ifgc e BROMUBHCRP ARG PW“WE‘PSPE}WSer st and

that moi Mejoli-ab Y 8% & £eidBARRAR I BRodpREH UASd o SiHHY &ﬁatbg@@és‘ﬁuﬂg an
incision(s) or inplantation of a nedical device(s). As al ready

stated, t hernm@m@nhaw petasiiorphosphatssmdnansichsdding ewzéﬁ,womat cigrate,

m ni mally soI ubl tl ve  .agent rovided to a,subj.ect. ot her than

by convent i‘GHAM @8@1[%58 ‘Ei?&lhdl Sl%f*o 1“‘8&’%)%&% °r PP C5ae Oe?Pha}??n ection,

or repetitichelagfE hn@y, shchi 43 @d&at@aﬁodlﬁﬂlabthy&necaarmﬂatdﬁﬂahdeyl-c 96idwhb galled, 0oact i ve

agent such as a protein cannow be provided effectllghﬁ/ via a system cC route
Q

wi t hout adwdedea@dfcoatiag @gmtwqqh@é{ sod g Farhexyimeatley sencelluoa agetater

f
o Do e el LR SE YRS TR AR 0RO R ARl SkbE o
wher eas, adnulbs@thszaltolxgzpropyltrﬁethmealmﬂostehBycaaﬁy‘zpmpﬁaﬂletlsyltaluadse\phtmmé he

bi oactive agent i hysically first introduced to a recipient. An
admi ni str atqglghac‘gyl?(‘egc‘é ﬁow)kgg%/q Bsthydcellulose, pofyethylene glyco(f polyvinyl acetate

phthalate, shellac, sucrose, titanium dioxide, carnauba wax, microcystalline wax, zein;
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trauma due to introduction of a needle and/or catheter at the site. [0050]
The invention exploits the discovery that certain specific physiol ogical
criteriawoeotddds native in successful adm ni strati onpamaSdelioxany of a
m ni mal | ysol ubl e bi oactive agent such as a protein, including an exenplary
protein such as BMP- 7. In the first instance, practice of the invention
requires thators,kech & caveebusd, geli@v dflackadribddnddefeiricarsydd) eomplesingnripemb, y

unconprom sed. For exanpl e, the npst. refe is trauma-free; for
exanpl e, ed¥fhey F@@?enﬁe@%%%eeﬁtgf 46t a9y ﬁ%&ﬂ%f% d%%@&&ff UG vessel
I ntim Ui ssigndimdibe o&?&&m&ﬁ%fs%ﬁ‘ét%d d%éstlceetn{sssdcﬁtaé‘céalmﬁrﬁ‘éhfé)hﬁe Qaldifthi M
integrity are the extent to which protein enters or |leaks into the

vascul ar, petfateasbednadioside/ anlsiGnvaetlivrolubilsgupagmnts; hehdel dcveny site; no
| eakage .0 en etr ti.on of the ti is preferred. Tha ng to
the oadni ADeaerdttiop Slani G BT shecBSielburasebryin Shy i?f&)ﬂ

non- vascul ahotd- %ﬁ&@l-g&ceﬁ&@rmﬁﬁoeﬂmn@ﬁﬁﬁﬁe tadpinds! él&l@ra}élds(h&ﬁnﬁﬂwfﬂ
substantially free of "biol ogic agent foll ow ng deli ver Eac th

f or egoi ng iahenhel (@tabshzae@amlpyam@amlyezme@yb%neéﬁest@fat@rp@imyw%%Stelr 011n the art

using routi h f for
opt i el pr e g & hiSe AGATEHEESE oo Ry {0 805t R hE PP Sk
shoul d be i) golyosall ¥e stehaes, pliyedrdata R0ypolgsoisd 4Rrpptygbitat 6l bolyesihatdi t e
should not be in close proximty to a venul ar valve. The foregoin

par anet!&r %), peRyleng gb’%’c‘@?“ﬁ&’d? é)rwle}% wol sroupsisgryiessadiym lavryllfater  usi ng
routine naty ] .acticing
t he present %l[ﬁn\%{e%%eﬁgt% S;Bglﬁ%t?lcelgc’?%&{? e Sa%t?%na Qﬁq%dg%:[el %ﬁllbt(l)t ﬁhﬁgoééeq{rﬁlt\e{efy site
relative t ootthtanasmostestatcattcanc siid erolanmna,oarmrlsiﬁmngwmi filtdring apdse swehtas,

i nvention, the m t t he .actual delivery site to the actual
adni ni st r atioseE halﬁa?y @Pﬂﬁﬁgs@f:?%ls &t %%%lée.%ts ﬁwf{elt ieaking PEEES: 1ith ASor ed.
The inventiQpiks sﬁlcﬁ’ﬂeoﬁlﬁé&sfulﬂﬁﬁlh}é‘éte |coﬁbid@l"élﬁwnt diBki8e (tﬁﬁfﬁlﬁh@dﬁn‘cs such as,

i ntravascul ar i1 njections of e protein (such as a T am |y nember
i ncl udilag BRRcTinakexalapetichl, @rm@mlg@cd noitphtplashcigerd ouch hg cagewtil,c

i Sk t th t
ot Foduce( idesBiy S mbnBRTETRIs SRRyt e PRags ™ FHieS g dexanp e,
at | east ahfedo lycteﬁd@sbpélyetﬁy&m gEIEolaBﬁbpSIIeﬁé' BB/cOl, teRBRE eriéthASGMAtar puncture

site) to the vessel t hat ~woul | ow | eakage of the drug into the tissues
of that vesmésrm@rmﬁnbr@n@usu@mqmqﬂglqsi: geatee; solvsatsesushas, qca@nera@etecs@ld s one

that enabl eaﬁ%)hgll %ﬁ{ﬂeg QIdoﬂ&oav gf%ég ﬁgdr\é%s ﬁ&lzygl\p/ atzogl]t?sout %lhgls ’calﬁa r S trauma

or that wo Scu
i nj ect ed drtulgachldilde%ﬁl@lofbrﬁﬂb@dldﬂ;‘ﬂ(ﬁtﬁonséé’di dl, er@te&eatalglmnplhea@mm of a
cat het er throucl)h a requl ar needl e or cat heter i ntroducer about 1 to about 5

gm paz t t heslyolisonsep éfkceh%l G altc?%qlemew%ﬁﬁhlped% Hecthddsqbutyl xgtens, |
t t t
Car thour ¢ rmeBE o, finfoik PSSR [Re pBRLE BfYpkIend Bbohfe, MABIGR AR 2 0N°

vascul ar puastnur @l,ovatérrfor mghmbn csmnlelmtetlfmmesmc&i sfetitvewatemi@r irsigdtivmneaded
about 1 cm at. | east about 0 abou ast the

p to, about 4 m
SoP of Tl S SRS Sudtiasannr i FATLPORE ReckRl Btatty ey B, 60

embodi MmNt ,4n@ GAfRMAIdd RrbRSEklifchih@agenty, Eﬁdﬁlb,@ i d2é aneRd ehster &M beyond the
site of admnistration, that i's, the point of trauna to the vessel, and

del i very ofcetasteapd @tcehwi extylialeohat, cttyhesters mam,llnﬂrdllf@t paneffinpgpolpetbybehe om t he
poi nt of adnini s(tTj ? Ci i‘nll k}er enbodi {@ del i ve%%/? al te é/s at

| east 2 cmBEVERE TR doPe e‘?ﬁ“% S Ea" Ful §e¥ ¢ Vit rodherhg “Reet e.
The di anet e»ﬂso@@@suﬁﬁ)ea@ﬁlgfagéht@%@@li &, ahdiL eélgﬁncadw(i tagniheMghéhoRfcatdd, het er
used are dependent upon the species and the age, sex, and wei ght and size

of the pat ibsptonitpypribied berfenig, mﬂ@ﬁ?é?enwﬁpopaﬂ@%@é“]?,on t he hands, arnms,

0% 90, SRS LB AT UGSl oo vescel uoul o be

nmet hods of daltexiymetytélbmogeandiuin M)lchirgicenan, nﬁcrocﬁyetﬁﬁﬁl%addl nj ecti ons of an
exenpl ary protein at the sanme adm nistration site wthout the need to
| ocate a newspy@ethyipetiplopesqdiyna seliwase. dexdripeiciating serr eyl Aydiaxyethyl

adm ni st ratdeﬁﬁ‘lose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, magnesium
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according to the nethods of the invention described herein substantially
reduces or elimnates side effects previously described herein. According

t o net hodwoabiwdess2snventi on, a protein nmay be adm ni st eP€l/USe01/0paDé ent at
the same adm nistration site at |east two, at |least three, at |east four,
at least five, at least six, at |east seven, at |east eight, at |east nine,
or at | eastalireiutn sibsite, hanthydxadhidse, peatiprpol withy lomyoxtid, adlyvinybtlesled, to a

patient at the saneamnlstra on site once da| IWIced I for
exanpl e, f AIOVEIOBSVREERY ert%ywéé[enatt rHEan gkl tm@agath%éw P U ¢ her
enbodi ment ,, &nfk q}%a&rﬁ@&a%aﬁgﬁﬁln hitd RE@g taﬁ’d/@r M‘Blﬁ'ﬂhg @éenttsh Sudate

adm nistration site once week for exanple, weeks, 3 weeks, or 4
weeks. In ebehwlkcbmmm@himxdﬁnlmmtzethetnpmaﬁl@rrdenmyylpemadmnnchiomleedoo:usaa pat i ent

at the arre mnlstrat n site ry, oth for example, for 2. weeks, 3
veeks, B BoRony gl P hobnbmo ke o 2raver nSRRs P Gl fiet or oa
to a patentpo@gtoxtyhm 9B Bt DSt Al ﬁk\ﬁ/l\%éi}ﬂgotst@'aﬁ@e , PBEkkYI 10f Sylexampl e, for
2 weeks, 3 weekS, or 4 weeks. [0054 en practicingthe present i nvention,

it is pref ekl 201a@tosn@ryé@tlarat)olctexylxﬂé)rsyeaﬁt@,ewbeomatm%& ddlyserbpieddt about 2
cm or aboyt 0, SIJ& I I site
and/ or the sﬁ%sger “VveRod: g%ﬁ%ﬁ%"e ﬁg}lgqrg {fhtgb%oul{nlt’a IP&QO ur}% g%é%ﬂ at

| east aboutmdidotdite, 06rbethn h@aspalaliod] sotditammortRteaXamdbgapol.his is readily
acconpl i shed using a catheter introduced past the end of the needle or a
cat het er i ntroducer; or any of the preferred veni puncture apparatus

i dent | fifed BiPedti&9sag8%in i n accordance with the nmethods of the present

i nvention. (Gh780Ur $fe pldde HhichlisitlaRe BGhbhbARS™ bithlivARRIRALAUE: EAS, Pt i mal
di stance dovvnstream omthe actual admnistration site wll vary dependi ng
upon the S|®eadmi1ntst®eeqosatth &retblolp@magizntlcnnmosreomldzfctm PRI ,m\teheOIi ochideon of

t he actual dIiver is determned, b ing.a benign fluid such as
0.9% steri |bél?§%|lt°ﬁ hg‘t’laB?P ]tcatgﬂtéts W@ﬁ& ﬂlt %tcyaggtﬁts 2ﬁ’ttlo ensure no

| eakage occpbRrstclINBNRING a6 IRIFAJ st Qnte%@uaﬂtso%{r%ﬁmsahts drsi-@RrrRelyant age
of the invention that the delivery site is at [east 2 cm beyond t he

admi ni dfr atangrenegtics ang-infegtive mnageclu@ng,rf@u@xmlv apbapisiadiend wi t hout havi ng
to first test. for aka n_flui For a8 umans t he
del i very s pumigoyp FREREE Y- Fudily et dafl it s R G bul TR

| eakage carhgé@tetanﬂata)as&etsamt daq)lasha agerit$) rahhemoxerf‘@mtbtmrhtgenﬂs NarkilgBRRisy t he
delivery site is around to 5 cmbeyond the admnistration site so that

| eakage carﬁgﬁeaﬂnﬁlewe%‘eamatﬁ@ec AROUS GNLIPRAENO]iG agentsy prigHIPNbRepNEe d
enbodi ment a(ﬁtl thgk?ve' \éﬁfgt E!,Il(?lnl!l i&nll® 5%993 QIIU taﬁ ﬁal @ﬁts Qafntlﬁﬁta!nﬂhékr ﬁ)e(ﬁ'te

di seased tissue co adm ni sterin n m nistration $i

conposi20i orsuppRNantsi lmglogldalsobcﬁgbml dagmsrs @nmhad;etililatms; thgné¢tmdédaotsntytatogivous

delivery site the conposition such that int] na issue. integrity at the
delivery suatgéntﬁsfe%%’éﬂ’tst dipyejics SuasnprtisAesRy: © r‘tﬂﬂleélcé‘t%ﬁ‘&ga FeRtorapite

bi ol ogic a Q&Ht%t?&ﬁ%&ﬁt%so & E’&h‘ééﬁtsﬂ Rotdls HRe@Rdidefrs@n amount
ef fective ?g% torleaet the | nlj urg&dIS ogl di slga edst |y§s?1e. ’I?Yrﬁg}%grtl ngl grl y
preferred enmmmdutatm@eg@m umeemhmgeeesms Vet @y mvrairal supplementb.n anot her,
the blood flow,rate at the delivery site uf fi.cient t r ov

bi'of 00 cal 1oty Bottell Abuntieblif el nephia Vot o RutsPioheri very. 1n
yet anagtherseddthes deihiu¥id, A8 rsid @R lafti-ASESTIHgb St Stk s kS 5rog iRl dnf LR¥AAOUS
apparatus having a di stal end with a nondamagi ng configuration.[0057] In a
rel at ed aspelekants, Weta@ln@semntignmémat@wls s directed to a conposition

conpri si ng [ﬁS%C]Ol Og)lor E%% and[hg blo?la euc%Ca{ %{1§ AR A %olfls Qlnd nlst%l 160%

appar at us. ontenp? ed e ‘el n, &re apparatus 1s any device
or appar at Uﬁltmie(})bes@ﬁﬁlnb@ltlbﬁeﬂbhﬁdb bﬁmte det lanitef teatdrygendilibhérsof bi ol ogi ¢
agent in accordance with the present invention. A preferred apparatus is
one whi ch dwdgasarigess gigsith &Ct‘?ﬁ riosPnsp, isehqsphanatast atpanglegsnesinfacione sit e
of deliygery,

appar at e xhOnBEERRATIRE ik lhok i R ER SR MERLE R, cAryEL R
vascul at ur echloihediomil diygioghtidbychidrphgui@ssmt mallamenphenmdammeetmtmmct ure

structure is | ant abl e on the exterior or the interior of a suhject. In
certain enﬁﬁ'ﬂljllarr%lﬁ? fa @tfeHo @Hamﬁle sucgnate phenyltoloxan{]lne citrate, phenylepHrlll
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apparatus can operate to deliver a biologic agent into the subject's

peri pheral blood streamat a site renote fromthe inplantation site. [0058]
The ski |l w0 2proamse25i oner will be famliar with such sui rablts2menc4oact ur e
apparatus generally. Apparatuses contenplated herein include, for exanple,
PI CC catheters not introduced for their entire length but rather only for a
| engt h suf fiydirahtoride, gxheipebppastmincshytdeoahforidespathdsephe driehydbdhiorie) | |

providing a delivery site in a peripheral vessel. [0059] In certain
currently pepg?%mﬁeagd@%dﬁwﬁgmesfo pkatay BfTP Reaptiet SBRPISRCT R ur ed or
di seased 1i$5Ler-HAMRNd, ResochyifrosdifinRE, REQYLAbIIEn! fphfh, ARARIIRS Phaton site a

conposi tion conprising a bi'ol ogic agent and a veni puncture appardt us,

wher eupon tirepdsobinogé bydigenerides caféding eueidenssemni gherminh frydmxide, magngsium
effective to0 tre(gt SE\%tﬁem' (fal l?édthe in%ﬁured or . iﬁeased tissue. As

expl ai nad dPSEWLY BN RRIYIRRIGSHDTOI Ly 2R 46 S PAPIOBRS SHFECTPES per i pher al
and renot e dkdkimdshadagictiabs. SOther RpraR@fthPReiGdctide bd-uednts Bht ddaebeliool 0gi c
agent. [0060] In keeping with the teachings of the present invention, the
current |y pdefieisteead witlhihggirescaigarention HBlwée? butrede nef limised tor pahitide duued,

non- m ner al j ' IS, .ant |y e ] fitreatoent. Such
o ured or 1750 bE" ki D8 UL AR g b RSBy Slon SRAMEIGS

met hod of taneiatigrebial adehs, bitbliayiabtiegediial,iagtipiradngiahfhingalfsabstadceb @@$t about
0.5 hours, nore preferably at |east about 2 hours, at |east about 8 hours;
for abd@t ogiynatigpsheeafpinfiafsicanichandroganty steppids, dgepngestants.ihyanefisunt i s
about 10 m 'y 1, C i LG t

preferably Sa%%%’% @E}g %ﬂg@%ﬁoar#gg%ﬁgg%? géw%t%gg%k%%b&%%%@ ’psreé1 eregbl y about
100 m cr ogrmamtits) payuid crizfEizaers,aranguiiners 026 dihehestargdns) pragestatioidiegeras pect ,
the invention includes further nmethods of adm nistratjon based on the

i nsi ght deé@ﬂ%@&gﬁ’étﬁéirﬂ“i‘%%‘i‘{l%?? NasSEUEP PGS SR del | very site
must be subgtiaitadndhdsy cAaRABRIESE hdn@lerdiMT anB YRR aclntsOr any ot her
protein disclosed herein, to b€ successfully adm nistered w thout causing
si de eflbectantipsrkiseuminn bgahth en@iypert&vivessgants] Badmoegrcdilogkingagehss, i nvent i on,
the nmethod includes adm njstering, BVP to.a tient via a heal ed-in
catheter . AMLaEEseRtopnd e Senronbrn iR MRUAETh Biofhb Sodshday ¢ ne
veni punct urfgrthétiR aubaehdctapivlabf Atingiak @ sﬁﬁlﬁlaﬂﬁts_edﬁ’t@@,eh)@ﬁoﬁ@! Q®gane | eakage
of any adm ni stered agent into the surrounding tissue. For exanple, a

heal ed-i n catipetvatsant apdihdtlicned in a patient for several days such that
the trauma he ' - e, Sl h r [ : or

exanpl e, ac@g?dc]i ngﬁ gbg)%émee 06%%1%%1%?3' %1?0 IoggSﬁ%@%ﬁ%’wgrﬁdﬁ%ﬁ%%ﬁ%hﬁog cat het er
IS a paomarnkatof athivhtietapbldprométgogdivitgaddsuiVigali of\eelld areintisstidsgot er m

"heal " or "heal ed" suggests that tissue integrity is substantially

unconpr oni SEgMERHNC PRAYI O HUYRonBiget g fai pample. Slopdcalt PAYIOYS.free of
tissue da clel, Bo@é@%o%cﬂ%cef@&&ﬂsﬁés‘: he lﬂig.eﬁop&tan{ ?é]"di&ﬁti&e%gz lete
repair of the injured or conprom sed site, although a tissue that Is

"heal ed" mneagets thed nply deebyadmepiaicreddndndewdabogiri mmiasied a nEhe grewth " heal " or

"heal ed,” in one enbodi ment,. suggests that damaged ar di seased ti ssue has
been subst ANPRANS ESENGS Gt HTRG EF LGS g BUE M e nag T REFUNE scar
ti ssue.2s[ 0G8br, AeARHEHNG fRrARPhRBAEE MBI bioBMRe 8485 1384yBIYES Ho a bdwth

adm nistered to a patient via a healed-in catheter in a peripheral vessel
and the delfreter for soft er fibroue sennchiave tissuhis, ayouamplec mfibedhbast gewthriastornor e

than 2 cmfromthe site.of admnistratio Accor.ding t of her . enbodi nent ,
the i nvent 1Bttt S eBRon ParhEieRn o ERR 0 wh G FEREE The
met hod i nclfuetes ah Mdufih8ike @fow MIHAGY & ipBGoddnealigeineiit delligfovathTREtbR REhdhe Vel n
of a patient at an adm nistration site, permtting the admnistration site
to heal wittekdv.catheter in place such that the adninistration site is
substantially unconprom sed, and adm nistering BMP to a patient via said
cat hetgfy, wherein the delivery site i than 1 cm or about 1 cm or
about GZ"'lbcm or nore than 2 cmfromthem

1. Minimally-invasive delivery of an exemplary BMP via peripheral venous delivery:

(a) Peripheral venous delivery of BMP-7 in dogs
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site of admnistration of the site of admnistration. [0063] The skilled
artisan will appreciate that the treatnent and adm ni stration nethods of

t he presewd 20mves250n can be nodified or varied to opti RCTASR00AR4TEAOt Of an
i ndi vidual in view of numerous factors including, but not limted to, the

i ndi cation, the pathol ogy of the disease, and the physical characteristics
of the indi[ed8i)al . Thepagpest ofathisstuelywestto dasrrhind 64hetial @xpfely dddeabove, the

i nvention al so provjde hods of treatne usi a_conposition of the
present inv}%ﬁ%‘ieaau%ﬁ% Qﬂvmgmawﬂmwlo@m 0%@%@? A" (PTG skt RS eof, in
an anmount ebf&ehd(YadhP fdBe HhOAFaRPUREs PLRVE a(ﬁﬂt)’feﬁﬁfé"%aglregpqth%n_t i al

condition for which the biologic agent is efficacious. As used herein "an
ef fective arbpetive ofthamslobporaomafthe sfuds visisdd defeamiagértoptivad catbetef fysteni ve t o

treat a_condiition in.a living organjsmto which it is admnistered. For
exanpl 65t HOGERRES BABPAEPHE Bon a?%v&ﬁtneaﬁﬂ%faﬁveﬁéeluﬂb"%hﬁssﬁPf t
patients suki®r HoE W@ AbEHISI®AIRQ REiphéh¥din BhccGRAMREE Firel ihjceBHRS cachUCh as
bone and cartilage. Additionally, as described below, the BMP formul ations

of the i nvepreriien admnistereds K pegkg BMR-7diDoga sewee given #ij eqvabsolgmeof [yeliicle
tissues. [0065]. I | f . thednv i e lnju . he

anel i or at ed' Olnse]né tlEgl %&?ﬁﬁ%@gﬁ%ﬁ%gﬁﬁ%@e%ﬂ I ;15&1 ag{lellotépl a éu%c%ys g%eéolglrllljgur y. In
anot her entfadjusiditaf 1100qig/iky BKP-Divadlitseas@ed perbeech i@ foaf wted. i s met abol i c
bone di sease, osteoarthritis, osteochondral disease, rheumatoid arthritis,
ost eopdPosil808Hageln ths Pilpseareent naridgadad fre smalhdim nogearoLs nodtieer al

di sease, ¢ nAUIR foAdALE A0 AIdAITRGIA0 BANEER SarhikRpfdanaRs) at | on.
age-rel ated cartilage degeneration, articular cartilage Injuries and

di seases, fapptoxithatckmessdaampbstliagetial. SBas asdikelupertd ipetiedscalar injdceigeofief ect s,
sequel ae of_system c |upus_erythenatosis, sequel ae of sclerodernmg,

peri odont aIBMaééﬁ/tsffgrru&@l@ﬁ%%SQﬁic%tﬁ??teﬁé%t}ﬂna?ﬁ?@ﬁtsag@eﬁlﬁﬂ?lﬁ? Espved AYEr ver t ebr al

di scs, dege%ﬁf&ﬁﬂlé{t%lydﬂ w8a8eThekeddn® pilBt &S VRlitLRhA refiod of s@fluAGARdr osi's, or
injuries and diseasés of |iganent, tendon, synovial "capsule, synovial

menbr ané arttickemig owdr the k§udessal farclanbttibe admbostiatiensite attrppraxjimatglyd®?  di sease

to be aneliprated.i.s liver disease, liver resection, t ony, renal

i sease - cHPERPET ifeion B fhaF B Ein e ral GO AP NPT 2 or 1 auma,
neur opat hy,und@dceésfineuiheferiziidH Mtienthedri tic cel | deficiencies and
abnormalities, Parkinson's di sease, ophthal mc disease, ocul ar scarring,

retinal scdPP¥3g, brPhaseébped Phascdl, deaswercanicetaé ugas Peapherabt inpestedt r act .

[ 0066] BMPs- ar. { i | c of bone

nor phogenessciegltrglrlggl??tts&ssiep%rr%jr prlg%{géet%gsf |‘%%fi g{r%\ﬁgbé\zgnnﬁg%a&gg‘fﬁtﬁﬁ%gges in manmal s
di ffereot fsuotessfongadvancédt inithagesseld hissrtedfrpmeiganiaad agtd 40 & fiodcthgdes t he

ability to .induce Proliferation and differentjation of progenitor cells,
€

and the abiilfer§on gtcs ippbrse labrih dagnhvaicsuessestpily fescd Snrapaavsskdaot yeeks

t hrough t he, i : ‘AL Syt P - f i f.- hane,
carti age, hoLTBREGERAY e HER P PHake [ERHALEVP. PRk AREA G R0 ¢
t i ssues. [ 0G&7 jvebloforexaeib ghe BMRS sgsembmngskitomd®s tb 20ahngrdndtweerpr event | oss

of and/or increa bo ss i n netabol.ic bone di.seases, Cenera t hods
For "L 1 eat meF U BBy bt TG POt TiaraHof s CsudiBe AR cHus S PnBelbol |
bone d'z%ea'%i”o’%s Wt cOSLRAYRABLE tRFRRIARIDcAMBeId0? Al VARSI Wifh nld- aBnofd@iient  No.
5,674,844, the disclosures of which are hereby incorporated by reference.
BWPs of t helipregbgigns. ilnpbasd lomddhrlopehaseuiclinaeal pgns oaipnicadd tibs sgwciated
regenerati an. ner al. t ho peri odontal tissue regeneration using

ost eogeni ¢ Vis%fﬁf‘%&méﬁﬁa?gg%@gz- in U S Patent No. 5,733,878, the

di scl osures of which are hereby incorporated by reference. BMPs can be used
for liver regengbati divalfa@osbaPcripHchd d&id Britdtiod &ssé@gedeitatBMP-USi ng
osteogenic proteins are disclosed in U S. Patent No. 5,849,686, the

di scl osur es*@ingireh nraaciusldy AdukdicpiaBeatiol)ogef er ence. BMPs can be used
for treat f c i e . f.ai i ; llﬂgldi? ment of
chroni ?%r e gf)s‘ﬁai I E?gg{ﬁ@f)%egg@sntsesgiggﬁag t%%t?fgﬁl% agiir?éet I scs%%li e%&f‘ﬁ} U. S.

Pat ent No. i6tr8&hodddy) BMP-diistolposplices! veinswhibeipladegshéfhelmpjdcticoopibisat ed by

reference. BMPs . ,
stul\g; was to determine the optimal catheter system and gauge to allow repeated
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can be used for enhancing functional recovery follow ng central nervous
systemischem a or trauma. Ceneral nethods for enhancing functional
recovery wol2boviosrscent ral nervous system i schem a or tPQUAB2L9I02406
osteogenic proteins are disclosed in U S. Patent No. 6,407,060, the

di scl osures of which are hereby incorporated by reference. BVMPs can be used
for induci ngndeisdatidniia agreaphdral eesvdraal toretdmods irfjention sdeschinglogdnatlyi ti c

grow h usiqg ost eo eniﬁpproteLn re.disclosed in U Q. Pate%% No.

6, 949, 505, LHHS VTS APsd Vel agerighirehveit hrermaeyPar Atesk E%tafp@&e y rlgfbPence.
BWPs can beg t@HohQtadhHIEHRDaditinlstred 800 L LR BMPN. TH MR Hce RIS T or

i nduci ng neural cell adhesion using osteogenic proteins are disclosed in

U. S. Pat entdigtal. tipsof80O B33 nsarted cathstet nendiaets thf timhf thia cathetchpassb/intanther por at ed

by reference. BMPs can be used r treatnent and preventjon ar ki nson' s
i seases. CHHE CTRITBEL FbT HbAeNe OBt ERYSAL PO o B RGEBIF s

di sease usi d&ﬁl&ﬁ&&oﬂﬁiﬂhQa@fa@?&ﬁﬂ]ﬁra@ K8ssel. STHcQRRS irjfttdd with BAMIRMtin Mhich

6, 506, 729, the disclosures of which are hereby incorporated by reference.

[ 0068] Addith¢ BHF lige wanprprepiatels usedband maged giail no ¢ivislenesef inflaramatened
manmal i an tgd . I St ti her. di seased or
damaged, pH§%§%§§”gﬂg°§%%%%%}|51gﬁ§é§$?@D%%§§%$%€?¥%égﬁégﬁﬁ g¢§z1on and

ti ssue- spedirhnobingd dnidetiitdcplidliR el withogRed §roks Giilihgs at hBeraplgi dnidaminicallganaged
or diseased tissue |locus, particularly one that has been further assaulted

y .
by sur dlcalhasdesis fibpsinenssly e sarlbhsgetitmeter Jodue)sf dsilysctemiicsifint . [ 0069]
BIPs al 0 GRReRE: HSRY VR WRIAKEPICE Tind URS hAREAaliyn LPRCBNIpSCAr L] ssue
formation fo Fomnng an Injury. It can induce tissue norphogenesis at the
| ocus, prewvanhvasgulbtle. aggregati on of mgrating fibroblasts into
non-di fferentiated connective tissue. For exanple, BMPs can be used for

protein-induced norp nesi s.of substantially injuyr liver tissue

Pol| owi ng-a. par b " HLrAGER SRy gy oAl bt hekablirted b Bs e al so
be used to [ppgR|ce @ﬁ@bh@_@g%ﬁ_ﬁis%tudg%éi% BsscbshBe ARG dind &kl R1&88RAUTSe Of
dental pulp tissue to injury is a basic clinical problemin dentistry. As

yet anddPherBMRahpfites reiRuRd intayehowh(¥) mggtiney tite/perafdel ders: totel oént r al

nervous system ((CNS). repair can _be.assesse Si ng~a. f.at brain, stab del .
100791 1 ehEREHEL e R ST S P RRR I B o S Bl R @NelUse o
contri but e tipofaRé fillyagerde gemekcnhdddr tbﬂhémj?mflﬂh% cathBet pebisetintd €ud eooand

i nflammatory di sease. Damage to cells resulting fromthe effects of

i nf | anmat or¥eset Senisuas deaplelam Mbrccdors aeagovm for adoabolok2 degg (& carti |l age

function or; f. rti: i j i 0l ntis Y
rheunatoid1ne?%?ﬂ?fg£?ﬂ&$%gﬁﬁy%§€g%ﬁ?pﬁb??%gﬁﬁg%§ﬁggﬁﬁ&ggéF?#%HTSgﬁyginnune
di seas@9 suedtossand\$t enhatodeipuBMPYt (eowt Bsis] Slks)BMRd/, Srbey dd€r3m can

al so be characterized by a degradati pn of connective tissue. In the case of
some cartiﬂﬁ%/gg@ﬁéﬁé@%¥@ﬁ%¢d?§i§§@§ﬁ%E@ﬁpég_osteoarthritis (ON), the
mechani Ss hg) ¢ UPR-JdE (AAbRRY Bkt Ghndidnfidliah (4[HLAAEH INAs LG

pat hol ogi cal process are currently unknown. Eac the foreg g

di seases cahe bt Bf ingestipwehgmatelegy,etingak dthetheryranécoaghktiangrafdeshwocs of t he
present inventio Far.nul ati ons 072], Bi.ol ogi ents, d.especially
Bpe. of | ¢ HEMRPRLERATTRYIE PORT LR MIE Por e Q08 FOP RS TRErRBA, 15 a
manmmal 25pr ei@ba& Yande§ UNBRopdy i ,&@@ﬁQ@%%ﬁ§aﬂﬂﬁﬁm@&mﬁkﬁﬁ@h&ﬁ%@ﬂklCa'
conposition. In a particularly preferred enbodi nent, the biol ogic agent is
BVMP- 7. A cuhicein sitep fandeggrossdinsinss tivatsranalyzed enmparsgdreated mpemals vithconpri ses
a BMP formul ation.conpnisin rehal o referably .trehalose..in a | actate
put ter . mosPTp CRRERT oV B R BRGSO IR, Rel g oe

trehal ose. Withih $havah$d of dod@abfior bil ahitnadlh@ alirtimd poiptsact i ce t he af orementi oned
enbodi ments of the present invention, as well as any and all variants and
nodi fi cati dR88Ws t WHCiepepisstlyi Hl esapslppsedrar drug admpitragign yta the BHCGubinry

recogni,ge I i sj.hg. of {; i [N ¢ IR VZ 73]
K S e
adm ni st er ed a single focus of bone in one Group 4 (1 mg/kg BMP-7) female that had a clinically

observed penetration of the vessel by the catheter tip.
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to the mammal in need thereof either alone or in conbination wth another
subst anceknown to have a beneficial effect on tissue norphogenesis.

Exanpl es wb 28u0a93®8bst ances (herein, cofactors) incl udePe@irtusouo/ok41ns t at i on
substances that pronote tissue repair and regeneration and/or inhibit

i nfl ammati on. Exanpl es of useful cofactors for stinulating bone tissue
growt h in doo88jpor tinder thadonditideralof thif studexesaphent of adlltidenabiitcaglcaloget

limted to, vi i.n D3, cal.citonin rost agl andi ns,. parat hyroi d hor npne,
dexanet hasoHé! ; DN iplegisiys Z'Na_cq RgE-Myeck _rfgn i) TS 8o BHAEHoN S FROHE vo
Lissue repaliih ArRRRRIALAIHONE Alniaibh Hilfty iPHE shiaR Athal hilifk@dabfe nerve

grow h factors. Qher useful cofactors include synptomalleviating
cof act or s, andgicuetiatign obthe vessel by tictaathetaw, anti septics, antibiotics,

antiviral ntifungal agents nal gesi cs and sthetics. [.0074] As will
e appr dci Dby THESSesk PEmisy ARHESEhE Brafhie AORE B IUERSHEE ¢ he
conpounds dgeshpIRBEs p&ihctd 8iRRRHEaki6n 6OBRAET lah @ BinWak biotayiy astleReRahdg upon a
nunber of factors, including without limtation the dosage of the drug to
be admi ni stle¢adyndasired efiests end thetthe aeasentiintansgen pell gllow Hyedtlmiebbsecaft y) of the
conpounds o n out ] Lon. The err dosage
of drug toe%@b%%%nsl@p gl}lgelaf%chsagelgtss %% ﬁﬁ%ﬂ{%ﬁ%@%@ﬁg el '\/:Iilﬁug%ﬁ{agﬁtﬂﬁcl udi ng,
but not | i nindedrdddocal hfedtippsitastic@xivenld pécladcths aaser, BMiPSBaRl diddiar or

defect, the overall health status of the particular patient, the relative
bi ol ogil®al tiplpgicagsntyfs ey WPy IHBINsLEdidEeRs t he formul ation of the
conpound, the presence and types of excipients in the fornmulation, and the
route of adm ni at i|n I GF BlpeL iy the present invention
may be provi deds(% an@%%%ﬂn&ﬁgaﬁﬁg%pi cal chfoseés?gsr ange from about 10
ng/ kg to ad0090]1 gPkgatfsubpdis willibghtdmpesteddys; proparaticn friBYIBr T eaingose range

being from about /0.1 ng/kg to 100 np/ kg qf dy.weight, and wi,.th a nore

par t Poul ar ICISHES SF A AR Ber IO e BT vir UL P! Sibiser ST
clinician westigh ApREEEIiRL erdphakiohNepab f1eehd e BUAReSyiAfbetadmifsBRANking a
invention can be nodified in |ight of numerous factors including, but not

| i m t ed>St o,cathsteriimrfiduegd loss, thamebquaf sl vaspsanore leand] e pest thasitt afmeedpry si cal
characteristics,of ;the .individual,. Lt i l,;so, cl ear i-t hi.n. the skill in
e ot b AR S Fuh AL MG ol th IS FLEAT BB ' S L

af or ement i arednik@eddaipsto 3[ BRG] er Rt s Banip tb @ wdtks PAE BBt eubjceiddvidiasedi ti ons of

certain enbodinents of the invention, the availability of the biologic
agent can b&dixshthagientsgvillbg foraiditp davemo adwgesersidecattonts sash amrodyte foumatianni 1 ity
of the biolqi [ 1 i: on. : 3 i ation of
pr opert i es SackoRdtasal e Pof AfylArhalinATchE nEARE LAk AR B KB ERDT
use of 28 r & enpadithiynaedlcaigdinded ousethetkr-pldasdd ciuner whidnchbjeackeadilViagagent s and

t he concentrat.ions. and kinds of thernopl astic pol yner and bi ol ogi
agent . [ 0076 THAIPEIHRIA 5P Hign abepsem areaf‘gw%t?@a@e%mﬂ SARRAEPESBRSS can
be i ncl Udeqlofdﬁlerfﬁﬂﬁagﬁnto!?%streéééglﬁﬁ:é af £l@ASEdhe l?i:tc%tﬂagl'nﬁni_@ﬂﬁmn. and the

pliability of a matrix 1n wh t 1s optionally contained. The rate
nodi fyi ng agent can increase or retard the rate of rel ease dependi ng upon
t he nat ur e DfBéileeMogthegenedt Pyoteia-Bapehérapy farap dydailtetbniald Qatawitttanak. Known
pl asti ci zerigsu#ficiédy. as organi c conpounds that are suitable for secondary

pseudobondi ng 1 n polynmer systens are acceptable as rate nodi fying agents

and al a f1abi Wit difiber S @ad. ] i abil gse
agent s%gr es[gg% ér S 0 %Bfngg Jiksland&?r?gzz?ﬁo%%%&%ﬁ%?@g{ S lgbré gol yol s,
pol yet her s, remdmsufiniency wdsadmamstsredf 1800 y/kg HNB-7 ihtigtopoady diacXt guge oi |l s

such as ve I ils, and e li.ke. The ncentrations.of. such ents

W Ehi nt e GErseegin e A bAoA G B TR PR A R TR ¢ ot a
wei ght of the prelrline wiy fVeiRBlaY IR 2Hd3Q Wk Hh Ad iR pikefhekadbyhep to 15
W % GCenerally, these rate nodifying agents, |eaching agents, plasticizers
and pl i abi Itieeglemiiduceesionddlivanei r application are described in U S. Pat.
No' s. 70 ang. 5,447, 725 di scl qsures of ich are incorporated
nor o n By 0o no B ohBRsed ol RAASHIEP s Bl S Bub Sl

bi oconpat i bl candéed béfordae fiadabieandBier Slisbédd daké for aninvepdcdicgavieci at e
that the present invention conprises any and all agents within the art that
can i ncr eas@diupac uteiBicreasiniiesaiq. ftliniesl siams inplyding arpctitfe ptitusie, prigation
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degradation rate or erosion rate of any carrier for the biologic agent.
Hence, other agents anenable to the practice of the present invention

i ncl ude, wotzoswve3net |[imted to, co-localized pH nodifyiPog/usgenis41a6d
tonicity nodifiers. In a particularly preferred enbodi nent, the conposition
of the present invention conprises a co-localized pH nodifying agent or
toni ci ty nodildmerangcoatiqheldtyian waellcsnae bbscatdtions etrthe ugedtioh wittdhatre

subst ant i al lé}'i n%[ea es the solubilization rate of the bi @%ogl v]grﬁ%
anot her prép @vmsiy Creiingiiaodesased ore PR Hrrekisy Pon
conpri ses a66d hl%‘é%'ltkc?g%ﬁ (BUN}Q%\Bé’d ﬁ@s%&?i@&nt%haﬁé%@ 'ﬂﬁbﬁghoﬁpfiﬂefshﬁ{’y I ded

in a concentration or quantity that substantially increases the degradation
rate or eropcofic galvﬁy@ﬁd tihac patain/ercatifihe raiol W¢reaioanatlltbtanghwmﬂt¢ saphr eci at e

modi 11 ovs, irfloai FYng: ST ERRF o R i PR e R pbesem

invention GaMhe 1&14&}@9'11111&&% (gmw hkoaty podragpbtite AW UM CRI'wABAE e AAL | ON,
and optim zed in view of nuerous factors |ncFu in but not Iimted to,

t he desi red! daskeakiBMPaT.dhe wiee yedume éafbﬂeqrmeftwnqr@mg et haarﬁyat washe

d , h
of the | nai TIREAT THBBYOF T8 sl PRRETEPe AT el BR B0 YR A% henti o

can furt heranimglhaden@Becd apﬁmt@@mbﬁawdtrﬁusc&mhg&heEataiadlgaineat s are
descri bed in the Handbook of Pharnaceutical Exmfg ients, published jointly

by the ﬂneraip@%lfpﬁﬁwrﬂé@e&h?é@?“@ssﬁéiﬁ ehe Bahtand lefheenbrli¢ nelewhed @al Soci ety
of Great Brg gg‘gel]. use of
t he fornmul at% o an fgr %gghgﬁa?Q&d%otg%%sgﬁg&%& i lﬁg’ﬁ)rgglgpent a?lr}%entl on

i ncl ude, buytotautiel noompkovmcﬂlaﬂbat mgnsamcdtswthngﬂdgam m,suﬂ‘modncﬁ&,spewélyl whaaci d,
gl acial acetic ac citric acid, fumaric acid drochl oric id, diluted
hydr ochl or .Sazsta@.l%hy reministereA dhropgh ¢ peringieral Veﬁﬁ%@ﬁﬁr&ﬂ% 048 St o g
phosphori ¢ ;g¢d@ionsul furic aci d tartaric acid; al cohol denaturants, such
as, denatoni um benzoate, net hyI i sobutyl ketone, sucrose octacetate;

al kal i zi ng agents, such as, strong amoni a sol ution, ammoni um carbonate,

di et harlél arﬁ_nﬁvsteimcqmm fmammmaﬂvmmvasmr pergihgral Idehvew iofjan exeiplarii BMP in

bi car bonat 81y rnsa(I)ldl um bor at e, sodi um carbonate, sodi um hydr oxi de, trol am ne;
ant i f oam ng—a-gerrt such as, dinethicone, sinethicone; antim crobial
preservatives, S(u):h asstedp@wz;ad koni um chl ori de, benzal koni um chl ori de

sol ution, benzel t honi um chl ori de, benzoic acid,_ benzyl al cohol

but yl par abdA094et y Amapuliitian ofhenpbpatisats with » eoirmed slinicabdiagnasisedol |
cresol, de [ aben
sodi um phrebr%l B%gtsl\xﬁl%t%ﬁg?mﬁ% hwﬁgﬁgﬁoy rreﬁ%tl 3 ggeg e}i{%&é&% 7l mer curi ¢
nitrate0 potridstcumthelzaddicprespat mssntiom. sImpbatcelar,mrpmmohmﬂﬁbmned catheter

propyl parahen sodi ym .sodi um benzoat odi u dr oacet a ium
pr opi onat e, S ¥edgP BIBRIRIer Gk P e 0.0 - i@rﬂg/kg %ﬂ?Mé 1 BBrce S S,
ascorbi ¢ aqgip. ’P‘féQi"eHVéredPQﬂ al(;%&lﬁ‘tta‘%,leal's’f-‘i &’1&1@%&%”&%&%&’&‘ %@ﬁlﬁﬁétﬁmoﬁ%&’ Bé’}o‘ﬁg

hydr oxyt ol uene, hypophosphorous aci d, nonot hi oglycerol, propyl gallate,
sodi um f or m&d@bm@awﬂfogwthatee or sadicumsargoabits thiefvicsse]. & odixpastehitasul f at e,

sul fur di oxi 0CO 0 er ol uf f erj ents, such
2o acet! o uEF e BRABRTT Apeur BIRERESa bR Sonn S M Y r T
acid, Iact lt&a&@lﬁtleﬁ%ﬁﬁlﬁﬁéﬂ gn B Cth ROV iALR! A MbSdrick Bt Side PAEAS Riclidht with

met aphosphat e, potassi um phosphat e nonobasi c, sodium acetate, sodium
citrate, sdiMBn?F achnmsstr@tl@oaraun@ﬂle sife bhadrainisidtionm phosphat e, nonobasi c

sodi um phosphat e; chel ati ng agents, such as, edetate di sodi um

et hyl enedi am net ra alts, edetic aci d; coating agents,
suc% as, sodium car b%ﬁb@ﬁ@?@%lﬁﬂgoge cel I ul ose acet at e, cel Igul gse

acet at e pht[be93jt e, Agidpyilatieh bohosen pgehatwith a pd)'tﬁﬁrﬂﬁd&llhicaladla@oaﬁe),f

hydr oxypr opyl | Lul ose, hydroxypropyl nethylcellul gse, dr oxypr opyl
met hyl cel | Jpﬁglﬁwrh()ﬁari&@@e vwé%ﬁa?émmﬁtereécﬁl\éig&da&mféwceﬁfé e axthads 8€ e,

pol yet Ryl er{ﬁegl e&ﬁhnveﬁ% Vi )k(n&@aﬁt @%@T ﬁt%ga]h@'p@&c%d &b RGUse PSR Rister

titani um di ox , carnau ine wax, zein;colors, such as,
caranel , red,i.vydbicaf 0.l &6 lugdeg dfl Rviglsy orfoemaeklymnlddbﬁ; Bythp hsedﬂlwgred@em s

genti o1 & GO Gl Rato) FRTGE SRy LPRBTT REUalrt O obEent kT e et us

cal ciumchloride, cal cium
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sul fate, silicon dioxide; emulsifying and/or solubilizing agents, such as,
acaci a, chol esterol, diethanolam ne (adjunct), glyceryl nonostearate,

| anol i n avochwl®3925eci t hi n, nono- and di-gl yceri des, nomrogitusanoloatnae
(adjunct), oleic acid (adjunct), oleyl alcohol (stabilizer), poloxaner,

pol yoxyet hyl ene 50 stearate, polyoxyl 35 caster oil, polyoxyl 40
hydrogenateﬂﬂm&stmneaﬂdﬁm@ﬁbynﬁqﬂmk&a&leyhseqhemdtmmkmmmyhnﬁﬁn®ﬁﬂostearyl
et her, polyo earat e, pol.ysorbhat pol ysor bat e 40, orbate
60, pol ysorB uéatgehe %%eamwé g Sl%ﬁlg‘éaé‘tt s¥ent B g eatsrpagicy Spiron
MONOSt ear atgq (RQAUMMEWIRE ¥h aBihi A QidSPRHTh SUERVWAEBMPOT Rirh@iuaRA! aur at e,
soritan nonool eate, sorbitan nonopal mtate, sorbitan nonostearate, stearic
aci d, troIammn@theﬂmi@ﬁ&Wmn@UMmX1 filtering aids, such as, powdered
cellulose purified siliceous earth; glidants and/or anticaking agents,

h | | i { dal di oxi d
al c; “hineet ant 80 suciPAg BORERAP Rl iy Gl Fedfibne ol yool -

sorbitol plastugh@ﬁﬁ@noﬁuch as, castor oil, diacetylated nDnoegcerldes,
di et hyl phthalate gl ycerin, nmono- and dj - acetglated nmonogl yceri des,
pol yet hyl er80 %lycol’optﬁawpéh@mgm petints vith a cenfipnediclingphdipgndgsisradt e;  pol yner

renbr anes, 8§1s utd?@ éa? e/ Hﬁﬁonﬁﬁyﬁ cﬂ%@amﬁr‘éﬁ&l ffbio; si&GAt e acetic

aci d, alcoh ene enzy BenZoa but yl
al cohol , caurdhmmSﬁeestdrBMﬂ?me arteordaﬂideomdf themcteatsof did prewat invostead Iﬁl |, ethyl

S A AT RN O R J@é%ﬂfﬁo&%“"'
pol yet hyl erwg/lgg Y/l p- 106{?&9'\1« %&ﬁﬁﬁ?ﬁ%lﬁﬂ 1paa%e%%ag'oxﬁgi leas??sc%mofﬁ' I

wat er for injection, steril ter for injection, l'e water for
i rrigation,thppoinf oiéﬂﬂnmaltsmt;lomrdﬂ@mom aryuchinescaupoirjecadtbta e na¢dis e,

char coal purlfled siliceo eart d, carbon di t sti.ffening
agents. sudior RyRibsgEnar duteabrurd B o SRl marChtiane dieRyin

al cohol , celuyh tr@a?té@ﬁépdl\@eibn B arsehti@lally RandidahNex iR lan @ tihy hRRewRKEd £ ent
stearyl alcohol, enul'sifying wax, white wax, yellow wax; suspending and/or
vi scosilpy- iabeensa of pige atfeqis QlCld@ut:WltstM%@dhamS‘fa@mn arqmgh th¢ siteefi d, al um num
nonostearagﬁhnben&onlte purified bentonite, nagma bentonite, car borrer

934p, carboXxyne ?% {%Cel 1 ul ose cal ci um car boxynet hyl cel | ul ose sodi um
carboxynethycellulose sodi um 12, carrageenan, mcrocrystalline and
car boxynet hyl cel(dyl O%ﬁ@dﬁﬂ@zﬁ@¢&ﬂdﬁﬁrteﬂext rin, gelatin, guar gum
hydr oxyet hyl cellul ose, . hydroxypropyl cellul ose, hydrox

ropyl
met hyl cel | UPB%E, rrﬁaméém%@lf DHINAR ARESNES with & confgsimeg Célé}qaﬁq? geosispd cpghof
pol yet hyl eng nqesg ‘1g M'ni]éﬁly B 1n{@%¥é w7 H{&Eb{ﬂdﬁﬂé‘e Ghygrl alginate,
silicon dioxide, ¢ si’l 1 con di oxi sodi um al gi nat e, tragacanth,
xant harOgurmethodb ofethd pnegsnandllemmom dinyitiduizr rgpagphatally ptaceh catbetetismzal tooni um

nonoxynol SOTRERGRhbT. dooe obD by KeBt Bb T e wersdy ik BT or or 1
pol yoxyl 4Qc1ibydy @g@P@h@g 16882 @ Rdrh thARiNOUHmPHstBdiRa a8 Beyd@l angxyl 10

ol eyl ether, polyoxy cetostearyl ether, polyoxyl 40 stearateée,
pol ysor bat graama q@uﬂieﬂdﬂlyrd@ehe@rm neqsid ylscmbmréo 6., vepwil. yBas apceted that sesi um

| auryl sulfat n aureate sor nool eat g, . sprbitan
ronopal m t draina g SRR AR Bh iR Sl PG AR MR VB i gent o (o078
The pr esentsigniNemnt hathal hercaaintiRnpldt@sc obkiaaetititeineRicaget BMr1at can be
co-adm ni stered with the biologic agent conpositions of the present

i nvention iadglivigeatignarogidghe site ofi adimpipigtratéon. anabol i ¢ agent's, antaci ds,
anti-asthmatic agents, antlcholesterolenlc and anti-lipid agents,
anti-coagulants(:ﬁntlﬂﬁ&ﬁ wWaant;s. anti-diarrheals, anti-enetics,
anti-infective agents |ncIuJ|ng, for exanple, antibacterial and

antim crobi [ﬂ09&19enA5popamtmn ofihtraanpat@ns \algembmﬁmﬂic-lin'mai diaggsistod fumor

anti netabolite agent l-na anti - neo i nt anti - bone
resor pti on Agatt Swaﬁ‘efi 8§fe€§ﬁs §§@ i In acgpfden \Bgﬁs'te ﬁﬁgi%@b%gﬁeéenégem s,
ant"SQ@S”QHb&u@Heﬂiﬁmﬁ@ﬂhﬂa%@ﬁﬁﬂyﬁkhﬁa&ﬂﬁﬁﬁémr%ﬂk&dﬁy§£hMﬁmﬁgﬁan¢me
anti-uricemc agents, antl-anglna dagents, antihistanm nes, appetite

suppr essantas 0.0 bD@g{ltgaofsBMBe% @lycatceliyl aanﬂdhesBM%V am&rhyemdlaaa poigf at least
bronchodi | at ors, cytotoxic
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agents, decongestants, diuretics, diagnostic agents, erythropoietic agents,
expectorants, gastrointestinal sedatives, hyperglycem c agents, hypnotics,
hypogl ycewDcosg®sd2s, i mmunonodul ati ng agents, ion exchalmg®/useslions4106

| axatives, mneral supplenments, mucolytic agents, neuronuscul ar drugs,

peri pheral vasodilators, psychotropics, sedatives, stinmulants, thyroid and
anti -t hyr oiZdicradient the poims sfiedrginismtatiomgehbs/ond bey traems eddrdiby sathstet @m ns, or

antigenic materi.als, [.007 More particularly, the bioactjve, co-agents
preferred f%ﬁgleaussamnﬁp@tt%w%ﬂ ltSﬁXPq‘PéedptL%ts%‘ﬁkﬂ UFHUBRE VORTPHERGAES but are

not. | i i t edii{dse RkRGRBINDILSK SxcRIhYRAGGHAL LAiRR pdiONbR ah@Re! o,

hor nones, bi sphosphonates,” anti - angi ogenesi s factors, dextronethorphan,
dext r omet hahghavillthg dnebscond diesidha$aapinpidentoritth BiVEE 2 ndmmastwition ateind the
chl ophedi anol ?é%%oc%éﬁride, chl or pheni ram ne mal eate, pheni ndam ne
tartrate, pYfiof AN EPate, doxyl amine succinate, phenyltol oxam ne
citrate, phenyl ephrinehydrochl oride, phenyl propanol am ne hydrochl ori de,
pseudoephedri ne hydrochl ori de, ephedigui®aleagdei ne phosphat e, codei ne
sul fate norphi ne, mneral supplenents, chol estyran ne,

N-acetyl procai ham de, . acet am nophen, aspirin, ibupraofen, phenyl

pr opanol anilA8%Hydr dBhmyentiRn méféB? @mh@ehegula@th%rrﬁ@ﬁ?l ¢ foymsnyisont ASRIFEE de,
magnesi um fydh o Bt ReRhIAThaROlVBERNNAES: T AATm A HGhagkds,

hor nones, interferons, cytokines, and vacci nes. her representative

bi oacti ve dberafpentosbd doakidezd ilhestratvadnd mut s¢saictreyht bedpe®f roasenttionnvent i on

i nclude,, buyt.are not limted to, peptide drugs, protein drugs,.

desensiP 2i algﬁafilé?ﬁeg:'ag thegnpradsiaToi e BrrihaEby 1 faﬁgﬂlflg%?%fgwh% and all

anti bi ot i cohaARGIWHI QRhAitRRGRE frea@Rf YA Fabe o POJUIRAGS 0 Ble claRlsiaRAr asi ti ¢,
antifungal substances and conbination thereof, antiallérgenics, androgenic
steroi ds, deouefrgestendcd fo bygnbraktherstrer oi dal anti-i nfl ammat ory agents,
anti-chol i nergics, synpathom nmetics, sedatives, motics, psychic

energi zers, tranquilizers, vaccines, estrogens, progestational agents,
hunoral agents, prostaglandins, anal gesics, antispasnodics, antinmalarials,
anti hi stam nes, cardi oactive agents, nonsteroidal anti-inflammtory agents,
ant i par ki nsoni an agents, antihypertensive agents, b-adrenergic bl ocking
agents, nutritional agents, and the benzophenant hridi ne al kal oi ds. The

bi oacti ve co-agent may further be a substance capable of acting as a

stinul ant, sedative, hypnotic, analgesic, anticonvul sant, and the |iKke.

[ 0080] The bioactive co-agent may al so be a substance, or netabolic
precursor thereof, which is capable of pronoting growh and survival of
cells and tissues, or augnenting the activity of functioning cells, as for
exanpl e, blood cells, neurons, nuscle, bone marrow, bone cells and tissues,
and the |ike. For exanple, bioactive coagents that nmay be co-adm nistered
include without limtation a nerve growth pronoting substance, as for
exanpl e, a ganglioside, phosphatidylserine, a nerve gromh factor,

brai n-derived neurotrophic factor. The bioactive co-agent nay al so be a
grow h factor for soft or fibrous connective tissue as, for exanple, a
fibroblast growmh factor, an epidermal growh factor, an endothelial cel
grow h factor, a platelet derived growmh factor, an insulin-like growh
factor, a periodontal liganent cell growh factor, to nane but a few.
Exanples 1. Mnimally-invasive delivery of an exenplary BWVP via peripheral
venous delivery: (a) Peripheral venous delivery of BMP-7 in dogs[0081] The
purpose of this study was to determne a nethod to safely deliver

i ntravenous (IV) BMP-7 into peripheral veins of beagle dogs. This study had
a pilot segnment (2 adult fenmale beagles) and Phases | and Il (2 adult
femal e beagles). The objective of the pilot portion of the study was to
determ ne the optinmal catheter system and gauge to all ow repeated
admnistration in a peripheral vessel. In Phase | of the study, dogs were
dosed IV in a peripheral vein once per week for 4 injections; each
injection adm ni stered 100 ng/ kg BMP-7. Dogs were given an equal vol une of
vehicl e
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alone in the contra lateral peripheral vessel. During Phase Il of the
study, the dosing frequency of 100 ng/kg BMP-7 was three tines per week for
four weekwO 2p00R225I n the Pil ot Segnment, one dog had tweCIrske10/024106n
subcut aneous nodules on the left forelinb at the adm nistration site (site
of needl e and catheter introduction) at approxi mately nine days post

i njection. Whichiims |ikely due to perivascular injection of BWP-7 after
unsuccessful catheterization attenpts. The nodul es resol ved over

approximatel y 8 weeks. The secon ilot dog had a snall regi.on .of
et anaods t biA RERSOD Tt et Par St P Sier e e SR fi st 1 at i on
site at appoRX ntRpR)n&icdRYR PP patiBhtaa hb&NtheRLE Ahd k@b cHMBritifg the

perivascul ar injection of BWMP-7 after unsuccessful catheterization
attenpts. [0088] In Phase | and Phase |1, dogs were injected using

Peripherally Inserted Central Catheters (Pl CQ). theters ranged from?26 to
50 uoued and wer St ER eTront POt Rerd BroelrieouBE BEIE R AR AARER BN 2 e
and up to 4fteeim { vRBULNECERSEEUES) wiletdn therdM@Seation sROTNpEPUSTaNIEthe
successfully dosed once per week for 4 weeks with no abnormal clinical

si gns. | n Pieas@orphoggpetis pioRNAs Ackivsedhiy the afiraheale pripherldacalpddelisan for 4
weeks, the t - . 20 gauge and were advanced from
12 to 30 c%ﬁégﬁeﬁ%ﬁle&@g@?ggm{sl{lﬁfeynégsfet%di ng on cat heter used. Both dogs
wer e successfully dosed three tinmes per week for 4 weeks with no abnor nal
clinical siygns. The fthedof claindl,lfurthdagsphiachgribe gbp of iwgllargingrasvasanai dered t o
be assqciated with |1V adm ni.s%ragg‘%? of BMP-7.. &@) Eval uati on of Peri pheral
Vei n | 0 t SCPOH SEALEE AL e PP heTa BB p KRR $1 1R FREPafiRY avenousl y to Adul t
Fenmal e Beagl e Dog [0084] The purpose of this study was to determne a

nmet hod to saf el yrigahétMed of QhindY 8MRYSIn thoPerBNEraY adiin@tRB6h BReEk alveueinns of
beagl e dogs. The objective of this study was to determ ne the optinal

cat het er sywneém lasad Hatige atm oapkhowd elpentteadadni ni stration in a peripheral
vessel, and to examne injection sites histologically. Dogs were dosed |V

in a periphgral i 1 - week f Hf 6

i njections Pﬁeac hﬂ:%ntﬁ%t%&i §ﬁdglh{r;l§ z\?lget%elp\g% ﬁ%%@&ﬁ%eﬁ%ﬁ%tﬁhgqﬁﬁ Etgnce from
the distal tip of the fully inserted catheter needle to the tip of the

cat het er passed Thetrocthddobdloiad ] welssah thaupeipheally ddcatedaletiv@ysite isDogs wer e
gi ven equal vol u of .vehicle ala in the contra-| ateral peripheral
vessel .algThguEﬁﬁ%tlaiﬂﬁj%gE@%&eﬁﬂ? S pt?‘?ﬁhn%ﬁfwﬂi’ Pl CC | i ne was
appropriately used and placed had no evidence of inflammation, fibrosis, or
any other rgact imsmethb@oQ8in{ ¥ Mhdr&ittthdesheaRoBRGLABH CRlotRls! A iPiBtek
branching and smal| cephalic vein) with noted gross findings at necropsy
and cl i ni cahilfipledtingsde dhe ifatigntogh the(agnoristrgtionssits hathe deligeryditanet er nodul e)
at the injection site due to puncture of the vein with the PICC |ine and

adm ni strat4 on t extr | y. - Lon. of, | Vienous
Toxicity anjd Loglgl}e 'J‘?‘%Pg(?/g%czl%ﬁﬁf V@?ﬁ%ﬁgﬂ %)Ogné T%@%%%%%gﬁlﬁte?%gsagdéﬁg{eﬁﬁds
study was tulasshis tihs ibh dxtesdpyradnainiasahtidm| er ance of BMP-7 after
repeated intravenous (IV) injections twi ce per week for a total of 8
injectigns jnto peripheral veins of femal e beagl e dogs, . The di stance from
the di Sbal i p etrﬂgp? Pﬁl §Jaimh Seregein dhg prein Fraff desatdstiv o St B dfcaphe
cat heter pasgghtijdiPs LRCoDI9QL: ¥ S FRIm HERIMiMRSatfn digast 2 cm Three dogs
per group for a total of 12 dogs were injected IV into a peripheral vein
twi ce per week with vehicle control (Goup 1, 5 mMI|actose and 9%

trehal ose) ,9.or BVR-cth@ oligaizn . wherem tikeypdivirera]ly (raoted dBligers sitgiskgnBivP- 7,
and G oup 4- 0f ng/ kg BMP-7). [0086] Pre-dose (before IV injections) and
term nati onvagve?t "Sut hanasia, 1 days after the last IV injection)

hemat ol ogy, clinical chem stry, and coagul ation profiles were anal yzed for
di f f er encesl(conanethod dfityhasel trdaemert @fih lju@diordissascaissuecthe hesiesl and

hi stori cal ranges. Necropsy findings, organ weights, and m croscopic

findi n&é atcoppalsing the step of:

38



injection sites (and gross findings) were anal yzed conparing treated
animals with control animals. Al paraneters eval uated, except for the

m cr oscopwo 2hionds9rgs, were within the range of normal f@cTaiskoane4mad s at
all time points. [0087] Mcroscopically, all vessels used for drug

adm nistration via the PICC lines had no findings except in one aninal.
These findi ngs vpeoedmgen aipariphrdryl aidmlmlhﬁralo(maed@gm'pesmoﬁbmgpmiﬂg)eus of bone
in one Go E% BI\/P—% fenal e that cI ini call %( observed
penetratio 1%‘Pg1t°ﬁ‘§e‘%}e‘§ cu hBlodogif age 15q Vfré 891 YR cHREMVEIALCRY ons
of this stuygyin ﬁ&@@{;gg@gse@gsﬁgult femal e beagle dogs with 8 IV injections
(tw ce per Wee& 4 weeks) into a perr pheral vein was associated with
adverse effects (I ocaI bone formation) in the single animal that had
trauma and ldenetThetmeghodof ¢lpign Mbsﬂ@lrelbyhet igiatrifetetite 1§ G089 IPMmussitetiese
studi es i ndj cate at, .t he. practr ce of the present invention acconplishes
peri phe|5al dﬁﬁﬁ?rﬁr 3?} attli)lc%1 GE“BMP-7 and sinilar biol ogi ¢ agents w t hout

| ocal undesired effects and that the present invention will allowthe
clinical use.of BiMMmdhehof dhim | @rwhereh dgi deliagenits iespaiphysil eind.c t her apeuti c
agent. Induction of the undesi red | ocal injection site effects would
preclude the use of B mlar I ol ogli ¢ agen as.intravenously
adni ni st er éd- dr ¥ mr(tgpd e%ﬁ .4t %ﬂ&tﬁsﬁle&rwgw %istsﬂ)rta qdﬁmapfr%t es

[ 0090] Primate subjects wll be adm ni stered a preparation of BMP-7 using a
preferred veni punetHERoRBPALRT U vir&R Mcedaph alyastc *{segu%bﬂannaﬂgﬁ J@Bﬂ@rb@@ ntrol
subjects will receive a protein- free preparation. Up to BWP- 7

w || be adm nistered using a catheter introduced |ess than about 2 cm
versus nor el3t hanle methgdet claivel §ivwheran npewdicalas d@medtt amw @radjacent the

cat het hin ced tr be adm ni stered up
to 3 tﬁmes ({jeﬂ Etﬁ%fsn%St%gtlatllgq%e O%gOIOg%? g?néé%qyp VA8 ub hve@fs wi |l be studied.
Patients w II be found to have no adverse side affects such as nodul e
formati on or6. ostHrgaeksd sf dbint h valicken dfe Edloiti agtiitds BMP-7n pati ents havi ng
a delivery site nore than 2 cm past the needl e-induced or catheter-induced

trauma whi l ects r Ivin mnistratio | ess.than about 2 cmare
expected t o d ootten el S marh attacts i eSS horodr
osteogenesrrﬁm@ltahg&gn@ﬁgund the site of adm nistration. 2. Bone

Mor phogenetic Protein-7 as therapy for an Adult Fenale Cat with renal
insufficiency. [0091] An approximately 14 year old 2.5 kg female spayed cat
with a histldry ofhermaethod phelaint 15ivereegin Weesinpieed ori diseasasichissGOYgN logeBVP- 7

i nt ravenousl y via 28 gauge PICC catheter into the cephalic vein

appr ox lyy ongé ced at
| east §l9y %fﬁqo(?gfélglﬁ]gd \yveh%lf’ém gyp%ﬁil%glgggent %S’\bq?%]\!aﬂgblgg? aqqeagtn

i nt roductl (Hboﬁtolh(dﬁl ivery. [0092] BI ood was col |l ected before each dose for
serum chem stry analysis. Uine was collected before the first dose and

after the second_dose f r ecific gravity and uri
protei n/ credk i ni H& PELP Of %ﬁ f%arr%eale,ﬁed.eﬁa rttr&.aﬁrgouabeéﬂopwelooatmabeﬁde

urinati onvojdgr}ﬁcrd%pgngpgtol@@%éew as well as any observations at the
injection sites were nonitored by the owners. Creatinine (Cr) decreased to
a nore nornal level by 13.6% Blood urea nitrogen (BUN) showed no

signifi cant21charﬂ§@sn@t @(bg@ﬁ@lm 11, heheseinithe. siteroif deliepe i doput hemvdowpstagdn ur i ne
pr ot erg/ neter 1n1 g normal throughout the study. [0093] Cinical
si gns Bf oren% 18P on incl uded i ncreased urine vol une,

| et har gy, unkerrpt (greasy) hai rcoat, poor appetite, and nuscle wasti ng.
After 4 doses ofA BMhod, ofttfe@tnionit Bﬁan/@thutﬁ@mh@l@ea@&tflﬁas atlc tnethodrcomiprisinpe
haircoat was nmarkedly inproved. The cat was noted to be nore energetic and
i nteracti vehe #tRRO&ni mal had increased appetite and decreased nuscle

wasting; the cat,j Qﬁ,qils ah X i Mrakik 8 sitd D €orh " i< (the
right and | eft cepha t|gc %er ngﬁl{]gﬁ% ﬁl%gﬁlﬁggl éla-ng0 éﬁ&&r%@sﬁsﬁgr
Based on t Heologsulgts, afd t hi s study, BI\/P—7 may have potential to |rrprove
clini C%|5 st gns I({ellggrgrfg tvomatprerlnllérgl 121terggelnou£] SeLH\Ie}'stllteer}tﬁg conelgg)s?t(lzolnaslulcg tﬁ,\a@en

intima tissue integrity at the delivery site is substantially uncompromised
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system cally adm ni stered through a peripheral vessel according to the

nmet hods of the invention. 3. System c uses for mninally-invasive

peri pher avodeloosser2y of an exenplary BMP in humans: (a) @cTAspawonzilss [ 0094]
A popul ation of human patients with a confirmed clinical diagnosis of
osteoporosis will be adm nistered BMP-7 through a peripheral vessel in
accordance w t h wiecupehhlodisioizid dpenpis &s endmomteffectove. to ltrvapde injogiar, a
peripherally placed catheter is used to adm nister an i.v. dose of 0.01-3.0
nmy/ kg of BI\%S t&%neekly and the BMP-7 is delivered at a point at |east 2
cmfromthe point of adm nistration and beyond any trauma caused by

cat heter orpsneedfip h&REd bf QRind M2, QvHcR@n MRSRMinishrhtidrSsi@%RE GicasbilBatsiguch
treatment will nodulate the disease to a statistically significant extent
in the trealr@dlersamﬁent popul ati on and that there will be an absence of side
effects incident wwth BMP-7 adm ni stration around the site of

adm ni str atqon. e 0] f

pati enté le[4h a 15:1%) %Yfﬁ(tr)rcggpéllfnﬁl%a % gﬁihs (isego?g%%?a@% a%‘g%ﬁsge%}lsslg se WI |

be adm ni staarigdaBkbus/apparaasdar thancdstil dod wiktea nei-dedsgind coédfupdtaent
invention. In parti cular, a peripherally pI aced catheter is used to

adm ni st er anl e, of 0.01-3.0 ny/kg MP-7 once weekly and the
BV 7 is dél verHis ra%tﬁ%d B’%ﬁlﬁfn%% Wity S&%Off E@M%é“ Bt cgrdownstream

adm ni st r atq QR yanGicRE¥IRthianyiohr auma caused bycat heter or needle insertion
into the vessel. It is expected that such treatment will nodul ate the

di sease to a statistically significant extent in the treated patient

popul ati on 2nd thatethdddoetredting abb'seaﬁ% mt?slmhi@etbyfsyswﬁécaélb'faénﬁ@stiering dent with

BMP- 7 m nistrati,on around the si n|s t|o Fi.br

Pncl udi g RSB ERe RRsREHIP I Bt St a R R Plog SPhaamE BB

Popul at i onsst@fofhuman patients with a confir rred cI i n| cal di agnosis of
fibrosis including each of hepatic, pulnonar cardiac and renal fibrosis
will be adnini stadPedsRipe the hong masphngseeiopreten ledherpatisabia apfadmhpisisatasent

i nvention. l.

adm ni ster atﬁ V?aaa( %Sgﬁi IagCCF %ﬁP%Et&‘p%ﬁ%%d H?Hhél?&%ﬂg%oéﬁgéhev@e ﬁﬁia&o t he
BWP-7 i s delitevepeibhatal @nd)t(hb Ibbnﬁatnohfhagéne?lc(pmtélﬁloﬂdélherepklb filic pﬂftlent at a

adm ni strati on and beyond any traunma caused by catheter or needle insertion
into tHe vdwggherally 1q0§te€>@B]éYﬁ%éF“t HatasE R fioht ‘rcﬁ’ﬁﬁfinwlf’trat%él]i: ate the

di sease in each treated population to a statistically significant extent
and that there WidmbRoRr ARSENE SviRkeid &&%ﬁ%%ﬁ%geﬁ&ifﬁéﬂkiﬂstmﬁff‘ 7

adm nistration around the site of adm nistration rve and Spinal Cord
I njuries [0097] Popul ations of human patients with a confirned clinical

di agnosi s d¥8. eackheoficthed v%clm2@mh¢a¢1ndmbpnﬁmmply0gm¢tlc Iveteadwyi ni st er ed
BMP-7 in ac orntljlatng vvlth attln 1 s of té eRr %s ] 1|t1rr1alent| on. In

particul ar, ddy BRITSOHE g Ryt By IP?Feat S5t o RS ni st er an i v.
dose of O. 01 3. 0 ny/ kg of BIVP-? once weekly and the BMP-7 is delivered at a
point at | edst 2rieméthedrof deinp2é,hepdin dttmeniphétbidndinisaatorbgiednd vainyin tar auna
caused by catheter or needle insertiqgn into the vessel. It is expected that
such t P8at rfefk 2RA1d: ARG alee. eeheg ebsdafigteach treated popul ation to a
statistically significant and that there will be an absence of side effects
| nci dent. vi 4o BYPcdnAHiH St BlcliBAl RhAtthl dieintk! 6r BlcAAThOLShEAIAN. (€)
Turor Met astasis [0098] A popul ation of human patients wth a confirned
clinical dlcagmmsmg of tunmor metastasis will be adm nistered BMP-7 in

d th th t hod f th t l. t
S harar v ol B et op Sh agBabE RS AT i A D M, i Ty S el B, ©

a venipuncture apparatus for administering said agent to a blood vessel, wherein the

25  apparatus is adapted to deliver said agent to a trauma-free region of the blood vessel.

31.  The composition of claim 30, wherein the biologic agent is proteinaceous.
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of 0.01-3.0 ng/kg of BMP-7 once weekly and the BMP-7 is delivered at a
point at least2 cmfromthe point of adm nistration and beyond any trauma
caused bywoantvawan2sor needl e insertion into the vessel . PCo/US30100pBa0¢ ed t hat
such treatnment will nodul ate the disease to a statistically significant
extent in the treated patient population and that there will be an absence
of side eff3Xcts Theaiodgobitioh bhclBMP3 7, widirtinitsd biatdghmaganidadninhealsi dobubdé

adm ni stration, Equivalents [0099] The invention nay be enbodi ed in other
specific fdrAE™it hout departing fromthe spirit or essential
characteristics thereof. The present enbodi nents are therefore to be

consi der ed 33| | ustHealo@si@BH ofBlhirh 831 Wh&Ein\MRe bfbt@icsec%ﬁﬁs@ﬁbsw@iallpyent ion

bei ng indicated by the appended clains rather than by the foregoing

descri pt i onnsclwlide af physiedogiess pllhi ch cone within the meaning and range of
equi val ency of the clains are therefore intended to be enbraced therein. W
claim 1. nmet f r.eat -ng. IS e ti . tem,cally
admi ni s erﬁﬁg ah@%ﬁggﬁg%gﬁgagﬁggﬁégﬁ?d%%gﬁHQ%%g%%Q#%§%§%¥%§ﬁ%%§¥pﬁéreof,

t he met hod TOPPrsupérfigmityhef gbensof : adm ni stering the bone norphogenetic
protein to the patient at an admnistrative site via a vascul ar access
structure, wherejin the adm nistration site is peripheral and, the bone

mor phogenet¥c prdtCeioPOSIIgR Of Gared e wharria thapioiagic agentys selectsh PR g | ocat ed
del ivery sidg alonsRags o BHP-5 OUPLNSNA BIVGSbaBHEN7 SEDE-5, SDFLGHEYhod of
claim1, further conprising the stép of inplanting & vascal ar access
struct ure avPiNReandecqyenes wiriaathofning onavf the feicgeingn t he patient. 3. The

met hod of claim2, wherein the peripheral adm nistration site is a vein in

a hand, . a |gg, foot, an armor head of, the patient. 4. The nethod of

ol o m 10 P s AreRSpsRBoRb hiln S4obRe st BRIFRRLAEH »eald BT HTR oG o
claiml, whesgl sorsREnpef BMPe2 aslip-1, Gt 8dGOEL6,\GDY-73indevPS2subst ant i al |y
edena free and substantially non-perturbed. 6. The method of claiml,
wherei n the bone_norphogenetic protein is admnistered multiple tinmes to
the patient3vi a TheCORPRPIHPE Of gleiny A4 svhacinghe bialagd 3agat iy selpgted frpm thpe et hod
of claim®6, I S | LG protein is admnistered at | east
t hree tine§¥¥ﬂ§§ Fgghggggﬁgf%q%%ﬁgggggggﬁ?bns. 8. The method of claiml,
wherein the peripherally |located delivery site is at least 2 cm at |east 4
cm or at |[¥ast Beommfposition k€ claomi3h) wharanitbnbisidge: agent ifMPEt hod of cl ai m
1, wherein the peripherally located delivery site is venul arvalve free. 10.
A nmeth of,system c treatment. of ,an injured or diseased tissue, .the nmethod
Compr i 90ng ¥he silsopos ol Bhrg" o3 whabi EhPlas SRR R erbif e gl e
conposi t i oBPRAbfagiiRbfahdTOFIDIpcAESRANT of plesigPON the biol ogic agent is
delivered in an anount effective to treat the injured or diseased tissue.
11. The nmethod of claim 10, wherein the admnistration site is renote from
a site of d¥tiverle compopiioppbrlan 89ayksiein thobiolgic apsnhis@ negter heivingsed,
wherein th I 0,S).Le IS i i aclaim 10,
wher ei n thg¢%€%§¥§?§4§#@§°ﬁ@d§8@§%§§?§@?&;®E%%ﬁ%ﬁ@?g@ﬁﬁiﬁshﬁﬁgﬁ%%¥iOd of
claim 10, whigrieithe donecrded Cvernyinslicysteins-rivhhlbam.i al | y unperturbed. 15. The
met hod of claim 10, wherein non-vascul ar tissue at, near or adjacent the

delivery site is_substantially fr of bio]ogic agent follow delivery.
16, ThaSnettiod oPReCaIHEn ChNBKE S ThecBitet BRSNS p S ik B | The
met hod of Gloeh Mckiber WAL EIGE-BREpdrUMIest Rbtefisseased tissue is a

nonm neralized tissue. 18. The nethod of claim 17, wherein the injured or

di seased tissue is an organ. ' , , , o
4 The composition of claim 30, wherein the biologic agent is in an amount

effective to ameliorate skeletal tissue injury or disease selected from the group
consisting of: metabolic bone disease, osteoarthritis, osteochondral disease, rheumatoid

25  arthritis, osteoporosis, Paget’s disease, periodontitis, and dentinogenesis.

43.  The composition of claim 30, wherein the biologic agent is in an amount

effective to ameliorate non-mineralized skeletal tissue injury or disease selected from
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19. The method of claim 10, wherein said biologic agent is bioavail able for
at | east about 2 hour. 20. The nmethod of claim 10, wherein said effective
anount i swakowo9ds to about 300 m crogram of biol ogi c &genis201802410e

met hod of claim 11, wherein the site of delivery is about 1 cm downstream
fromthe site of adm nistration. 22. A nethod of treatnent of an injured or
di seased t iths p@up tchesistinighodd ostooguthrsis ngptdoborstrdplihse, albmdndl sliseaseng to a

peri pheral adm nistration site a cqonpqsition conprisin bi ol ogi c. agent,
and del i verPAy#Bidg lﬁ,ﬁr?élﬁglr{namefié@@ﬁ%ﬁ?@%@i%@fiwéicggﬂf%? SEERPHI™ i on
such that inti-BBchicatiicd RbEEtion, AbichREcHBlabY BiYri&idg digagubgfiantial l'y

unconprom sedwher eupon the bi ol ogic agent is in"an anmount effective to
treat the ithickned catilagislefestdsupcdsumd caageTebectre sdypdlaobf sysédnmc 2dhuswher ei n

the adm_nistration site and the delivery. site are the sane., 24. .The t hod
of clai 22 RRBRGHSoRILAE ety istiagend Bebiarieniy: berigodind®

I nt ravenouguﬁﬂa%ﬁht@veh@wanais@s, dbgetn@i_ratie@dis&\és%@oiat_he%eﬁ@ﬂ&ﬁhlrwsc, . .
configuration. 25. The nethod of claim 22, wherein the site of delivery is

about 1 cmastsansidresimand gmdseandidissassp ofHgamemns teaddne pynoy @l capspist hod f or
treating a Sghgggisrﬁe&gra egg&hg{;igcatmsa%gt emcally adm nistering a bone

nor phogenettCc protéin to a patient 1 n need thereof, the nmethod conprising
the step of: adm nistering the bone norphogenetic protein to the patient at
an admi ni st44at i VEhesdohgovitian af viasge 80 avhaciaabsbistogitcigentistiean esoumt o t he
patient, V\:h% ei.n the ziLdm' ni.strat.ion %i te is peripheral and {he bone

nmor phod@netq CRYOOSME ORI BISUG Y SC C'Eeﬁécr%%l CiPUPtongISpRg P%Héaﬁlg}ai'y | ocat ed
del i very Stihgul sh@fthnBRfiotThAd QU MT AU HHIOA! WABuSt Lilaed ipiRG, Met hod
of claim 26, wherein the bone norphogerieti € protein is BWMP-7. Zé. The

met hod of dubitincREss edrelage defetts, doperéicrmbrphibge defects, pronedmandsruatm of st er ed
to the pati.ent nujtiple tines at the site of admnnistration. 29,..The nethod
of ol ai i 2antyep b Bt Chiremhnn A Tudi ol e B &ty 584 iitiesn
foot, a hangligameAt Bndén,ls¢Boviflcapsuledghdfialti@ntiaid St mendbbal AsseYPOSI tion
suitable for anmeliorating an injury or disease, the conposition conprising:
a biologic agent in an anmpunt effective to aneliorate an injury or disease;
and, a IveniPunctleconmpaitian o§clpsn 3damiairiates binlpesaiagntigénen ppowntb| ood
vessel , whergl narat us_ i t .var, i n -
traurra-freeeff%g{g?‘(ez)ﬁ%g?& ]feﬁaég{ﬁgéﬁ\c}gg%gIo?gél%gle%ﬁieedcegr%gﬁht%iggn o#onéllgtél 30,
wher ei n t hefbiliotodibdas@diendt reb&ctiph dicphiaoasy fndPdisclie chioshil foituref cl ai m
31, wherein the biologic agent is a mninmally soluble protein. 33. The
conposi t i orfeBiraldicay s Systerpisepeniy ariRUBR NI R g S1tor S UERGBIER SPHIR] y

i nsol ubl e 1,0 - RRsiifido [ , Wherein the
bi ol ogi ¢ agggﬁcyn?@h&é%gﬂgglﬁelg&qcﬁ%clﬁgaﬁ%gsupera%l{zliém& P?/I‘Rg}s&lb?éi? ee?%’s. 35. The
conposi20i oropbfhabhiidinedsk, ot ar saminghetibhlokcaging, aglanteratsvesbastsed thia om t he
group consi st nﬂ of.qﬁil\/P— 2, BwW-4, BW-5, BWP-6, BWP-7, CGDF-5, GDF-6 GDF-7,
MP-52 and SEQUUACEafPents of any one of the foregoing. 36. The
conposition of claim34, wherein the biologic agent is selected fromthe
group consigt i ngrifcoBdsition BVERitn 360h&ein@Fbidlogidhgeht 8MdlaMingent 37. The
conposition of claim 34, wherein the biologic agent is selected fromthe
group consisfectye lofangbprage inyy.o6 disagbe @Dp-tpsuc selected from the group consisting

of: chronic and acute kidney disease, atherosclerosis, pulmonary fibrosis, cardiac
25  fibrosis, renal fibrosis, obesity, diabetes, cancer, ocular scarring, liver fibrosis,

inflammatory disorders and nervous system disorders.

47.  The composition of claim 30, wherein the biologic agent is in an amount

effective to suppress tumor cell proliferation or promote tumor regression.

48. A composition suitable for ameliorating an injury or disease comprising:
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38. The conposition of claim 34, wherein the biologic agent is BWP-7. 39.
The conposition of claim34, wherein the biologic agent is a nenber of the
BMP subf awDl2g100003928e TGF-b superfam |y of proteins. 40. PChaScanpeans i on of
claim 39, wherein the biologic agent is a protein having at |east about 50%
am no acid sequence identity with a nenber of the BMP subfamly within the
conserved C-ter mmmogmy@beﬁ wcted dtonad dregdroup e;bhmsf[h@of:@nmﬁlbdrioﬁme(j]fGE-IBai m 33,
vvherelnthebl ic.agent is a_ protei ic isn heTGFb
super f ani | wa? I%E%f R{gtel%gamﬁ@e&aﬁ%&%w ﬂﬁlogf%w RS i b e

bi ol ogi ¢ agﬁ%lﬂssaddrh PABtATRIM e AIERELNNE 5HD MRS bQH @&ﬁwﬁ&eﬂd@m& Wilhsgue
injury or disease selected fromthe group consisting of: netabdlic bone

di sease, ogheobertofitic BMP subfaenbheitbinahe cinseasdC-teeinalatysicthcan dhdandis,

ost eopor.0si Paget,' s .di seas eri odon nt i nogenesi s,. 43. The
Cormont o1 o isreIR P Tolfe GRaR b ab Sistive REmE TR A aahliarioe
effective tggdanmel i orate non-m ner aI i zed skeletal tissue injury or disease
sel ected front he group consisting of: osteoarthritis, osteochondral

di sease, chondr @ vaim@asiEs appeereiooRdmiteTiiesats agentbiomebloatkivasedd. thad
inflammatiq L |

degenerati o%palgg’#%glg tggﬁi:oglr %roqlz)%:%ﬁﬁﬂtﬁ%@ngﬁ%g%f Sn%g@ltg,sc%ﬂ}e {r ne{:(ﬂl ‘ckness
cartil age defleed sntralupal PIQd ﬁhe cad hls{ra@&ra@@(ﬁlﬁﬁélsnt of ey ehasf tt faygdiegi C

| upus erythemat osi s uel ae of scl eroder ma, periodontal tissue

regener&t i mpan%wnwarﬁwﬂh@ﬁ@pwbi igradapsed twe@fv%ﬁatcb%ﬁ@at tog t§Ena-Hegegiat i ve
di seases Ofofttl}ibeblb%%s\é&”ebr al disc, osteocondrosis, and injuries and

di seases of ganent, tendon, synOV|aI capsul e, synOV|aI menbr ane and

meni scal ti ssues 44. The conposition of claim 30, wherein the biologic
agent is imM9%n abemtulaiohedbiolegit agantrehitabteafoe usd wahiéhei m¢thog osdhieci®@d from
the group consisting of: traumainduced and i nf I anmat i on-i nduced carti | age
degeneratio i.cul r cartil age |n ur.i i,ckness I‘tl|

dofects. saber f R @i e redh SR for oq witl T SR 2

i nter vertebr al discs, degeneration of intervertebral discs due to an
injury(s), :And iAkitfbescol syst@ORINL adriiaieeig aHone wickphopepald Botetiytoavi al
menbrane and neni scal tissues. 45. The conposition of claim 30, wherein the
bi ol ogilé adwfentis nEes thareaheRIARTIMIF ect i ve to aneliorate injury or di sease of
a tissue select A ting of: liver disease, l|iver
resection, hepa?‘g%{noqnlggrbﬁ%r?g twdl?ro{(;eglgzdh&chr onic renal failure, central
nervous system isghphtal edsciilnaantdss soractuopir pyripheed] amplaetation i syidipatiens pi nal
cord injury, dendri ti c cell defi ci enci es and abnor rral ities, Parkinson's

di sease, opht hal ase ar scar.ri n retl scarring, and
ul cerati vep a??l?g( Cﬁ sglag‘f APBBY S RA ™ firP%HﬂnS QféySt?Wéc X?rpom ti on of

cl ai m 30, vziaﬁﬁﬁ»sﬂanhgﬁlebdo% AHrfhRLYB&Lc préteimtodRe mla%f-lﬁﬁérmve to o
ameliorate injury ofr disease of a tissue selected fromthe group consisting
of : ch20ni adanuisatisme ki dney di sease, atherosclerosis, pulmonary fibrosis,
cardiac fibrosis, renal fibrosis, obesity, diabetes, cancer, ocul ar
scarring, | ver i . system
di sorders. é %gq{é{;(?rﬂp%%mt%h%o a?ﬁgﬁ@%ﬁ&% é?‘éllﬂgg‘}alq%ﬁ% %gl c agent is
in an annurﬁdnﬁﬁlfs@atdnv&dtaq)osmmﬁelss&ry ok boat mopstoigtidicairdtein shouldenot e
tunor regression, 48. A conposjition suitable for aneliorating an injury or
di sease corfifatelithep b oBi BPE dPicadmjBistration i8AWEWNSr om t he group consisting of :
a menber of the TG--b superfanily of proteins, a nmenber of the BWP
subfam |y ofs t nerhQir & HARTIT Whclomn A IBRORREIRDecAR RoBfal Siip-havi no at
| east about” 50% ami no acl d séquence identit a nenber of the BW
subfam |y within the conserved C-term nal cystel ne rich domain, wherein
sai d bi28l odide agBmtkii of dlaimail, aorpin th@fbroe@trioméwlg@nemeﬂlr@t@ineis eraidadripary or
di sease; andma unct.ure aag)il a}ba t %dm nistering said agent to a
bl ood vesseﬂ0 pt0|sll loaﬁg%?%ﬁlﬂ%aé‘éﬁ G R HW% 't Ca]a}e(SUp consi sting of:
cat heter, needle, catheter needle,

56. A kit for use in systemically administering a bone morphogenetic protein to a

patient in need thereof comprising;:
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catheter introducer, PICC line, and a structural equivalent of any one of
the foregoi ng apparatus; wherein the apparatus is adapted to deliver said
agent to wotsunyse2sree regi on of the bl ood vessel. 49. Acrarsoubatiion of

bi ol ogi ¢ agent suitable for use with the nethod of claim 10. 50. A
formul ati on of biologic agent suitable for use with the nethod of claim22.
51. A kit for usebdne nsorph@hetdd pryteadrindi st eri ng a bone nor phogenetic
protein to a patient .in peed thereof conprjsing : a bope norphogenetic
protein; and a pBYYsHEROr sascucaly uwas rglﬁﬁﬁ%‘?%}ﬁéﬂ?rapogféﬁwp @p to
inplantatiquFﬁkgggggﬁﬁﬁhggymnﬁgmngn%ﬂkit of claimb51, further conprising
instructions tor systencally adm nistering the bone norphogenetic protein
to the patient via peripheral admnistration. 53. The kit of claim52,
wher ei n t hed7i nstFhedtii dredaipr v fether hampasip i peripfera drsavilas taeess strucaurd fer poi nt
of delivery of the bone nor.phogenetic protein should be greater than 1 cm
apart f§r éﬁﬁ?ﬂ?@ﬁP&@?ﬁﬁ“Pﬁgﬁ%%%ﬁ@?t54, The kit of claim51, wherein the
bone nor phogenetic protein is BWP-7. 55. The kit of claim51, wherein the
bone nor phogenetic protein is provided in a conposition conprising a

sui tabl e pharmaceutical carrier. 56. A kit for use in systemcally

adm ni stering a bone norphogenetic protein to a patient in need thereof
conpri sing: a bone norphogenetic protein; and instructions for systemcally
adm ni stering the bone norphogenetic protein to the patient via peripheral
adm ni stration. 57. The kit of claim56, further conprising a peripheral
vascul ar access structure for peripheral inplantation in the patient.
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