Conpositions and Methods for Mnimally-Invasive System c Delivery of
Proteins Including TGF-b Superfam |y Menbers Cross-Reference to Rel ated
Appl i cat iwo=0{0008u)i This application clains priority topramastée/obanefit of
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2009, the contents of which are incorporated by reference herein.
Background [ 0002] Bone norphogenetic proteins (BMPs) belong to the
superfam |y of transform ng growmh factor b (TG--b), and control a diverse
set of cel | Gompositiond and Metheds far Minimallydavasiye-Svstemiceliveny obPrateinen and
ti ssue specification as [nicluginO T 66 Superfonmily Membersg and repai r
processes in adult tissues. BMPs were initially isolated by their ability
to i nduce bone and cartil s§-Refiaen Rudated lichtdoms utility for other
tissue and organ repair is now wi dely appreciated. [0003] To date, a
reliabl e ng@f@l]f or Thsrapplcagion diilimy prigrityfto and thierbieoafitlof LeS f Rrotisioaaldentof a

BMP- especi a] | y. over_a prol onge iod of . tine, Wthout repeated
o oor acheicgon e BB L BidiTeing | 2ido Mt onients of BRER 14 n  act
effective dpldN&hdddly PRaLcPhOLR Naceous biologi c agents generally remains
an unanswered chal Il enge. Despite progress in protein technol ogi es and
phar maceutical chem stries, at |eastBaokgrgymsbl ens continue to pl ague
clinicians needing to provide key physiological factors to patients. [0004]
First, the [f0&X]er r Bdnorowephoeradivipnotsins 88 M) bflompotthe hecdpmilyiof agents i s
oral or by .injgection. ver | .,adnmi ni stration is qft I nappropriate
for macr ondldeiramedrand BriohP sToR; i ental iurge ot of refilerddhs anl o i n
t he gasir oi it E18pmBahl frodGtesVilichiis pafler Fomi0i0h 28d HibRic 8pEdiG@kMwn Ak wall as _
particul ar dosage regi nen. RWoreover, when a particular therapeutic protein
or prot ei narewosngmyentd healing andioppispeabebsgs moadultriessuayj EPowerednitiedy,
frequent and . ultiple injections are requlhed hecause, t hese ent.s, can have
neal' o bl o b PrG{tiFT0 HlEs B R S BRIV FRE MRS o
admi ni st er ifagotieLiiBaé hGre@repRRIENGY SidSY apyirbahte@hysi cal burden on the
patient and create significant admnistrative costs related to patient
managenent .[0p&H05] Triats, a tdhisble meang forawg-lpenl dglivasy ahe FhmicabyadEecEye ¢es6vi di ng
bi ol ogiygal |of GGy & 3ARNN Pov P A RESbALHBE LPITRL S Hh&iR raiGid AGmANER AR
ot her protel naceous

of the BMP—has cluded the skilled practitioner. In fact, effective delivery of most

proteinaceous biologic agents generally remains an unanswered challenge. Despite
progress in protein technologies and pharmaceutical chemistries, at least two problems
continue to plague clinicians needing to provide key physiological factors to patients.

20 [0004] First, the preferred mode of administration of most therapeutic agents is oral
or by injection. However, oral administration is often inappropriate for
macromolecular drugs such as proteins, as many of them are unstable in the
gastrointestinal tract which can compromise the efficacy of a particular dosage
regimen. Moreover, when a particular therapeutic protein or proteinaceous agent is

25  administered by routine injection methods, frequent and multiple injections are required
because these agents can have negligible bio-availability. Thus, the most popular and
routine means of administering medications can pose a substantial physical burden on
the patient and create significant administrative costs related to patient management.
[0005] Thus, there is a need for alternative modes of providing biologically active

30  agents, especially macromolecules such as BMPs and other proteinaceous

macromolecular biologics or drugs.



macr onol ecul ar bi ol ogi es or drugs. Summary of the Invention [0006] The
present invention is based on the discovery that an exenpl ary bone

nor phogerwoi2o10m984¢i n ( BMP), BMP-7, can be provi ded nonPsuruse@alok412eand
non-locally to mammal s wi t hout adverse effects by providing a solution of

the protein, for exanple, via q vascul aE ajcess,structure such as but not
limted to a central venous cat ¢ ent i nvention epr oits the
di scovery th certain specific phym%oglc criteria are rmnative in
Successt ul 1M1 st PP mTHRR INERH TR diseOTesy Lt R e %8%enpl ary

protein, BYRsEhofaBiDproRsiR M eS, BAPE) Ya e gmk»wsa@mﬁlgmg@&my%ﬁaheﬁ Q&g rom a

condition tr MPby providing a solutiomnm of 'the BVWP via a
vascul ar adoessnsils wcthonmdyaish cHsctaby prividihg v eslotien bf the praiciosfor csdmplenous
catheter or .an arteriovenqus fIStlfI1|a to

F |
o TSy ot vRcHEr b AR e St i nf TR o 2k ety ern: Fert ed

into the nqﬁi‘t the h@&ehﬁ@ﬁ eﬂﬂ&'td“th& @15@6&&333 that EQai¥ROFcHhytiBR 4! 8fiteAh afr
internal ju ar vein (nec é&b ! he subcl avi an vein (chést), fenoral vein
adm

(groin), or emlpﬂetmtm In/$eacss ma@faeloebn@fdela/emas"éwlehforﬂhuh¢eeui1 gnp| aced such

that it is eaS| and. the ¢ he cess I.Cl ntI

heal ed into B]ingcé{p?oo?m Z%(Iglb% g2 ge B@ge(%ﬁgrftea?’ctgessuman %Jaf&‘tuﬁffgrm% ré)(rzlh on end
of the cat heheitioh IﬁeW@bl%Wwﬂh@BMIEbyﬁp@UIdu@g agstiod §fth@Bﬂ\ﬂE|UﬁeidJasaih@f vascul ar

| ine can be placed with or w thout sur and then be allowed to heal to

i ni mi 28 oracespePHUEWY stehiayecnipl Y%ubg%tawﬁetr@w@eouw@ef%@rBlllood vessel .
As is explajngad &Joﬁﬁﬂ@tﬁfaeto;ﬁg{n%'bptaweﬁééﬁ ﬁﬁlpl [DE LM OLARR HhHEADREqRC! ude

aprotemforrm atron suit mni ma hvaswessemc de|vey
for exanpl e cenanlt veabliygccegsaathdion gnskoedrinkathic maclpahesfret gfotn ®uchesasfopH,

exci pients and/ or concentration t.o arre but few, . as well as the rate of
Saimi i St 1 atS B BH e R O T Mg St oG 16 uaaé‘&aegela chayd: sane

acconpl i shegdmyjf v@iﬁg%&%ﬁ&ﬂ QBe@br VRl %Uaatljr%ral%f %”&%&c%'ia? 1R %ﬁ)@ﬁcéd%h@l% of

adm ni strati on. current clinical dapplications roteins such
as BWPd) aghatet is easlycﬁChaswﬂﬁemdeths cghetthacTGhak S@tﬁpenﬂﬁhcdlgd ofo pllaefSLﬁ@r

mor phogens, are limted to |oca al | aS| nfation for
oner 9o alilson e e feesat Bt iieciph et M YER ek AR B e
nurrber_ of &Méﬁaﬁéﬂﬂ% a@ér&@@ﬁ@roﬁﬁ@éﬁethe%sdﬁmr%ﬂe BMPbd Bl@é&psyltl@@f‘whﬁo&enef icial.
These i ncl ude t are not limted to applications in chronic and acute

ki dney di seutgsry andideobe bbevwed to heplip minamige pf dirood pry, lealkrasiat the pyhetbest es,

cancer, oc %lltg into the blood vessel. As is explained elsewhere herein, aspects of the invention

20  further include a protein formulation suitable for minimally-invasive systemic delivery,
for example, centrally, including 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.

25 [0007] While current clinical applications of proteins such as BMPs, as well as
other members of the TGF-8 superfamily of tissue morphogens, are limited to local,
surgically-invasive implantation for inducing local bone growth and repair, preclinical
research confirms a number of systemic disease states for which BMP therapy can be
beneficial. These include but are not limited to applications in chronic and acute

30  kidney disease, atherosclerosis, pulmonary fibrosis, obesity, diabetes, cancer, ocular
scarring, liver fibrosis, inflammatory disorders and nervous system disorders. In
accordance with the treatment of such diseases using the present invention, non-local

administration of BMP-7 is now appreciated to be the optimal approach. Moreover, the
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scarring, liver fibrosis, inflamatory disorders and nervous system

di sorders. In accordance with the treatnent of such di seases using the
present iwoentoms941non-|1ocal adm nistration of BMP-7 i sPaodwsSappneapated to
be the optimal approach. Mreover, thepresent invention further confirns

t hat conventi onal net hods of system c adm ni sltrathig{}% such.as direct

per i pher al NRCBEYgHIopdugher coplrmyhatipaventional methady R EWREHC or

i ntraperit opaRhisRABNN LR Wi peliphdriBhjcefiG] dl. Nda it 84aRE WuBEutancous

adm ni stration using a syringe equi ppedJ with a traditional syringe needle)
can have unuesirapebioacdfadeunistratione furthenmctudengf iotravascwdar asimisistragpincusiegve

and/or fibrous tissue at..the i.njection sit nd/.or i nduc nt. of localized
1 ssue 1 ractieu S ERadiBbET sumtisiisr G PERe VTR R dhnea

el sewherse hgelgiing @ rib@seectopiehneQRd/be FiBfs tikficheirtinketidr dirdageri bed
materials and nethods for mnimally-invasive systemc delivery of a

bi ol ogi ¢ ageditcemesipridpedlizgd Hsspe brena sedoisdonaammopambices! sdara. ads sut  not
limted to VP. hs. furt. t Jmni -] i systeni c
deltvery. astpRNed shionhE iR HAGE AhRRML Be LRI L RKEHINE

t opi cal delmatefiyls apdBRthbdd foranihinidly-iaspeat systchec pelasenst d bivkaid «peni, S

directed to a conposition conprising a biolo%%p %3en1 and a vascul ar access
structure. SSRCHMBPRiGHEEUSTBFTARPISEM Fravhsis Dyt potdingigidto aMP- ilkisa

m ni mal{lyy I i N ¥ i : tel .0l ogi ¢
npont 110 o TR B e nliff - FURRE Binic Sl oA A SRIARERALELILE 10 ©) |
one enbodi nders nottihduge atkipasoeoal or padabdeliveagent is a nenber of the TG b

superfam |y proteins. Anot her enbodi ment .of.the, present jinvention
o ovi das. 1 JPBUBIDY ofs Rt BRarGgRomsGuRY it iste s B GERISIIOY t he. NP

subfani Iy olndRink FuiflogisPethamilaWa00ul RTRL&E Beucth. MNEerRiPpdidRAt of the
present invention, the protei naceous biologic agent is BWMP-2, BMP-4, BMP-5,

BVP- 6, BMP-cmbogiDRerBs, adibHogic agentGDFaiininahly aploblegromapdotonetmbhdingng skent

i iQn, the. i i ol ogi j - 7. Th ' '
a1 5o priovi dueCHBRS HREER iEent kPl dh BYFE SubBtl ol S5 heioe ) T an: "
of any one yM. BMic2mt3¥ndht, tBYBrotin@¥haSbio BIYR- abenGanfomEdof the TWGF-EDF- 7. In

anot her aspect of the present 1nvention, the proteinaceous biol ogic agent

i s a prot eis#perAmihyoiRroteass tAngtn embodamest abtha dracidayratien prayedrsitena with a

rerber Of S CANE.QUBIATHL Y.ML 0L 1 £ DRSS BRISHRLI S aeEiie ne 11 ch

domain. [O n accor present Tnventi a vascul ar access
structure isspafdely ckprotecidppanas tabydineht ¢itthy pdet aveatsn, ttike prosiiceats’ s
vascul a2t()u ' e‘b'iolégic%%grgteiggll\/ﬁ;-g,d BMP-4, BMP-5, BMP-6, BMP-7, GDF-5, GDF-6, or GDF-7.
In another aspect of the present invention, the proteinaceous biologic agent is BMP-7.
The present invention also provides for a proteinaceous biologic agent that is sequence
variant of any one of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, GDF-5, GDF-6, or
GDF-7. In another aspect of the present invention, the proteinaceous biologic agent is a
25  protein having at least about 50% amino acid sequence identity with a member of the
BMP subfamily within the conserved C-terminal cysteine-rich domain.
[0009] In accordance with the present invention, a vascular access structure is a
device or apparatus which provides access to a subject’s vasculature. As contemplated
by the present invention, a vascular access structure is implantable on the exterior or
30 the interior of a subject. According to the invention, the vasculature may be accessed
in one embodiment peripherally, or in another embodiment, centrally. According to

one embodiment of the invention, the delivery site of a biologic agent into the subject’s

blood stream occurs centrally, for example, via an external or internal jugular vein,
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by the present invention, a vascular access structure is inplantable on the
exterior or the interior of a subject. According to the invention, the
vascul at Wwe 2nayoBm1accessed i n one enbodi nent peri pher alPCy/uses1oions1anot her
enbodi ment, centrally. According to one enbodi nent of the invention, the
delivery Slt

g of. a b|o Ogl% %e int.o the subject's. bl g stream occurs
centrally, spBrlawgn Npinetempra VAR A% TWRCHAT VR CRYR: e‘Pr?&Tta?l@& fmspsy sudibel avi an
veln, fem)r\%kcu\{@r'a@ces%tréd%ﬁ’r%rdaQB M&fdao Qe ébr a'bﬁblﬁgﬁfagérﬁ 1&8@l%j§u®ﬁ3¥§blo%HCh a
vascul ar access structure can operate to deliver a biologic agent into the

subj ect' s blroad asa siearenate frowi the asteshpuectiireotitet bi’ecmtahéthpmmttGuai e site. A

e of purRtires it b UReTHREI BeCosrdm Sif ot PuRife B CuoRERr T or 1o

t he i nt sodugkifeNalRfwdditehesiptiof @LME intfddebticiobiBVRic aa8ntl SuchliRia GNP Vst
pl acement of a catheter with a vascul ar access port. This m nimzes or

avoi ds | eal@@léald’f’lﬂa@]émmﬁaﬁ of meathpteewith givescubr apease pert-e This miREnigessyul at ur e.
[0010] 'In aaVStair ﬁfaﬂﬁéé’?fpar Jlt gfe 41%5?9%' SFEhetuft &qggge?scﬁlaﬂf?e of the present

i nventi on sul an rnjury di sease COITpI‘I sSes a
bi ol ogi ¢ ageato]sel aci adrémlgrpréfbﬁecgémbmlﬁﬁﬁs a%bmpgsﬂén oftheprdieit infentibe TGH-Db
superfam |y of proteins, a nenber of the BMP subfamly of the TGF-Db
super f ani | Pugb ﬁf%a@aeflfgraﬂaa&nanm%@réilwaﬁ‘a@ﬂ%lsa%ab@aﬁw agsatitelentod Bipino aci d

sequengg | d[ﬁ@gfohp Bh&illi dgem%ﬁlb%f 0 JH@T@WB %ﬂ;@ﬁfﬁﬂl& ‘Q‘r&t&h@ alfiémGQBFer ved

C-term nal ne- I’IC onal n a vascular a S structure sel ected
fromthe grthuBl\/ﬁbmﬁ)fmﬂy]gf the TGF-8 empar aimilyeofpuste mat dndtagirotem loemtg allcagenous

| i ne, a subcuta and structures havi ng f.unctjona or ..

St et ur al 1908 TP AmiReid gihsR S nar Besr e oL RMPTB By dhingent | s
in an amounfe 8ddseQtl CetehRindB)stc@Bfiéh @(ﬂnzhﬂj MdY a %chla§ fasss sth2Rd] I'n

anot her aspect, the present i'nvention also provides for a formulation

conpri sing salebiedlfwgm theay@lm cansisampointa ehfrelctdnges @a@heama conted gettous $ine, i nj ury
or dis sewh is suitabl.e, for inclusi.on, w t si.ti,ons descri bed
above. 18- dhoEuidoR g e RS o il ere ARG e aT T ped or
non- m ner aldoﬁﬁgu@{i@isahaletot WiStéen daild bioYogid dpcanBtines a@EbRReMe tot he i njury
or disease to be aneliorated is netabolic bone di sease, osteoarthritis,

osteochondraéllleller%@als@,lufb’l%dwa%s@l d arthritis, osteoporosis, Paget' s
di sease, ont if éx?othe‘ii‘?l%ﬁec{‘ 8§en§1 Sﬂ?dhda[l?o r%%@??og’a H@ngnduced and

i nf I ammat | duced carti &ner aton,
degener at i m@mpalrsimgcawlalbgmargbmﬂ iagouny dffdceiee @ruﬂnefliosaiaame idjutyl ortdidcabness
cartil a2%e dvlvlflgl?'isses?utable for inclusion with the compositions described above. In one
embodiment, the injury to be ameliorated is a mineralized or non-mineralized skeletal
tissue injury. In another embodiment, the injury or disease to be ameliorated is
metabolic bone disease, osteoarthritis, ostecochondral disease, rheumatoid arthritis,
osteoporosis, Paget’s disease, periodontitis, dentinogenesis, chondral disease, trauma-
25  induced and inflammation-induced cartilage degeneration, age-related cartilage
degeneration, articular cartilage injuries and diseases, full thickness cartilage diseases,
superficial cartilage defects, sequelae of systemic lupus erythematosis, sequelac of
scleroderma, periodontal tissue regeneration, herniation and rupture of intervertebral
discs, degenerative diseases of the intervertebral disc, osteocondrosis, or injuries and
30  diseases of ligament, tendon, synovial capsule, synovial membrane and meniscal
tissues. In another embodiment, the injury or disease to be ameliorated is liver disease,

liver resection, hepatectomy, renal disease, chronic renal failure, central nervous system

ischemia or trauma, neuropathy, motor neuron injury, dendritic cell deficiencies and
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superficial cartilage defects, sequel ae of system c |upus erythematosis,
sequel ae of scl eroderma, periodontal tissue regeneration, herniation and
rupture oWoi2ntoeosemnt ebral di scs, degenerative di seases @CTiU$2010/024124
intervertebral disc, osteocondrosis, or injuries and di seases of | i ganent,
t endon, synovi al vi al ane.and neni scal. tissu I.n

anot her b SRR glpm%«fw%ﬁe APERALEC L. St G ehE pyERe

di sease, | 'df%'lcefeﬁ%%ée@&s oPBRASFS AV tinal BBA! 16 SCRASBrer ERLANIEn, &2
failure, central nervous systemischema or traumm, neuropathy, notor
neuron inj uqoynpoelt@nnllcompnsasé)hdlogiefag@ltemml smsadabificrtivald suppssss RandticaBon’ s
di sease, ophth Inlc i z ocul ar scarrlng retinal scarring, or

ulceratlvelﬁ?g Q@QEOBP“F% T?%@ﬁ?5§¥lnal tract. In yet another

enbodi mgnt ,[0d1g CONPRKIahdBABr HKPER/ thE PEestitGhR@tiEN BGRBhplates infbtiddisyFouNt
effective to suppress tunor cell proliferation or pronote tunor regression.
[0012] | n yestcarottncRgisEEtproteins speleasdnt nprlimiied @ﬁh@i@mféhﬁpT@Fé% met hods of
systemc tr S of the
Te b super e o ISP B IR ATbe Breld, T AER Ak 38

"system c" laﬁan§h@glallécbprabunomev&lkuﬂldeeﬂarprtaeﬁndnploaaercaﬁviﬂclluderadﬁétﬁbcand t hat
non-1ocal can include_ a nethod whereby a protein or other bloactlve agent
i's i ntroducEerely apreta ecethet bigacsive geant iyiagpduged do a suhjert k2 pagledesal | i nit ed

to a pgy pmﬁ%fggCE% Bﬁ{trﬁ@ﬁﬁﬂéd % 5ﬁerbﬁw%raﬂieﬁcﬁgﬁé&ﬁ%ﬁteastoeastt('i 8@% dRpL of the

subj ect's rat her tha ocal site n a further
enbodi nent tréaﬁysttefrﬂm"subjant atherdema:t]imtthaﬂ]astaammgle tocbl ved 11|1 evVetlerof an

adm ni stered .t apeutic agent re ese in th od. at oi.nt in tine.
"Syst em o+ RAATGHr 2GR g AP0 B a Atratrgts Blephdesg «f Bfivprs
patient’s kpgdy éﬁ%@&ltfa'f@ﬁ%ﬁéﬁ@msﬂh% %ld?)fd R4 Fb bt # iRk Y st@bfnd)’réa‘ﬁllfiiﬂsﬁﬁlon

t her apeutic bIood | evel s of an adm ni stered therapeufic agent. used

herein, " mqanmbIev?fecuwtasreeéﬂenheém&tmmpamatss hceiyaﬁmnwrfmpetms‘meeifd sur gi cal
net hod skill ed ractltl er Wi t rreth ds can
e odd or aat s B HRG HeIRS i baRIV S SR AR b ERbER S o o)
devi ce(s). 13 dsed ﬁ@t’fehﬁf‘ﬂlltﬁﬂﬂéﬂ?—rﬁ\}ayw@"’ fegiy Rh-ia 0 dBivhsoped-fivkd hod of
treatment of an injured or diseased tissue conprises the step of providing

to an adm riusgieadmcthpdsi Tae akiledrpasiitionsn welbnpddrstpndthat pich sghadssgent and a
vascul ar ag r I ed in an
anount effeggﬁé% to&ﬁ?eaﬁv?%ggﬂﬁqﬁgggﬁgfb;) é%%%ﬁ)tlsg%%hﬁﬁgg%bd: y, the

physi cal adod1d[st r at ¢@nirs¢irenils pm“mécberﬁlﬁmméﬂite antthall ofirtameht ctfellnl very of

t he biql ogi.c. agent. In certain epbodi nents, g delivery site is a
nonper |28herlg]ured or discased tissue comprises the step of” prov1 ing to an administration site a
composition comprising a biologic agent and a vascular access structure, whereupon
the biologic agent is delivered in an amount effective to treat the injured or diseased
tissue. Preferably, the physical administration site is remote from the actual site of
delivery of the biologic agent. In certain embodiments, the delivery site is a non-
25  peripheral site. For example, the delivery site is a central site. In certain embodiments,
the administration site is a peripheral site.
[0014] In currently preferred embodiments, upon its delivery, the biologic agent
disperses at a rate sufficient to provide a biologically effective dose at a site remote
from the site of delivery. For example, in one embodiment, the site of administration is
30 peripheral, while the site of delivery is central. In a particularly preferred embodiment,

the biologic agent disperses at a rate of at least 1 ml/min. In another particularly

preferred embodiment, the delivery site is substantially edema-free and/or substantially



site. For exanple, the delivery site is a central site. In certain

enbodi nents, the admnistration site is a peripheral site. [0014] In
current | ywprefoers®d enbodi ments, upon its delivery, thePbiralSegioo2agent

di sperses at a rate sufficient to provi de a biol ogi caIIy effective dose at
a siterenote fr site of. exanp i n. one enbodi nent,
the site ofunaawrﬁgiw ‘t“i%ﬂlpir%m‘ﬁ% iﬁ)’h)’ jot %Yhﬁéloflﬁés%ﬁlatréls%ﬁe a&e‘}qa’{/%fry is

central . | rhdj’ac@fi’trtﬁé &4l v%{‘@i Mtelqﬁ @ﬁt%fa'iﬁﬁ!llﬁﬁ@@gf BBRic ég'%ﬁt ﬂBllQJ:vH%' deligagnt
di sperses at  a rate of | east . In another particularly preferred

enbodi nment ,[00Hd delnd mlgergun@ltlysprs&bsdanfopélmeylt eﬂtéﬁrmvfene@n ami¢tbed of

subst anti aI Ieytm%grt @ gy romsed.. In ?41 a P dté_jtle. .

non- vascul af**fPeEQ a‘é{nJ“rﬁ &t ’8?“8 %P&‘Sﬁ?m%’ﬁ%“d*‘g ”\%PV“% G ALSE G ht i al |y
free of sbi afiledicenPesifibn tOpOYLEE bERIIY &Ft ah PEARLrihD tdiPTReaseuEF €Nt Y
preferred enbodi nent of the invention, a nethod of treatnent of an injured

or di seasedlcliveysie é@rﬂ@mp@éléloadmhqﬁhgttléﬁmﬁglsw ipfseamt Hhosdaliyeiyaifcdi te a
CONposi t | Orhuﬁé%gﬁﬁ{a'ug urﬁgo J&hﬁée‘&g' ﬁ?ﬁlﬂ? b%’i‘l? gebi f*’tﬁé nntgalkp né’%ﬂre sﬂEan}%SC”' ar

delivery site t1on su |ssue [

del i very sitdleod @essalb&freaﬂldv@édl 1y hHﬂQﬁdeBI@ﬂib&éﬂumﬂ’c‘thﬁ)n\waﬁbl@@ch@@ltdﬁﬁe if the
initial puncture site of the blood vessel were allowed to heal prior to the
adni ni st r atsxamplsra BME}, ite ficlegsbyassel fyperelapgirefegegrmbodigicyt. thebiplogirg

vessel '()Ug%;;ent_' dis rd%E bRl ﬂlgge%%é‘ﬁ%mm L uli’%n?hﬁg{nﬂ PRENe diRAeHEes from

the deliv site at a rate n an anmount effective to treat the injured
or di seasednﬁiresisorehsehseddasmemln ceﬂhocéhﬂbdﬁmnts,ﬁmaaimmmrsﬁonaeﬁﬁecmdﬁet e and the

del i i .th th di . the.deli te i
oot e ¥ r ordelik@Y Sishies B8 M. off het SmbpTPSensT B e & e Byt i the '

embodi ment ,adhﬁﬁsﬁi@ddnvs@ﬂé)qﬁhb@ﬁl’ﬁl&lﬂ? Bk@f@t’fé@érﬂ@odlﬁléﬁetheId@h@&g%ﬁ@f&vehﬂ@r-bl ood
flowrate at the delivery site is Sufficient to provide a Dbiologically

ef fecti ve dabe-fate. dngnoter, &mitleoct ﬂ@\mr@th et gictdeliodry digd isvsaffycientt fo prowde a

D Lt O tla B HACSTORR % Btk omdte Rlo @R s G PPRT el R R ERaBil, Che

using an i nirefRmMas erabadinRAR i UB AR Shctics hed ra@nsk aMidat Bmiledin dBpgi ng
configuration. In one such enmbodinent, the apparatus is equipped with a

non- damagi rigotics tthd dedivarivg ptep issceeraplishaf! luying japifl teavasculas epprspida heg N g
features ofy g, \FQ 'd‘%é’uht %R‘?‘h 9{1%{&%50&{ uft uoy”‘fﬁ b&é‘ﬁlch%ﬂl%'oéiﬂet%?tthé Qﬁ{?%%s

[ 0016] In Keepi ng W ng he present 1nven

currently (s efdppeidvith ohogidemagiegistad cBdVRhichandciurgllyrsedulates dhesems ed

non-mneral jzed, tissue i g the currently preferred object of treatnent. Such
8

i nj ur edlor dmeghgdgatiyes of a Feleyn-tpee %hqﬁq;rg)éﬁ functional equivalent thereof.
[0016] In keeping with the teachings of the present invention, the currently

preferred biologic agent is BMP-7 and injured or diseased non-mineralized tissue is the
currently preferred object of treatment. Such injured or diseased tissue can be an organ.
In a particularly preferred method of treatment, the biologic agent is bioavailable for at

25  least about 0.5 hours, more preferably at least about 2 hours, at least about 8 hours; for
about 1 day, preferably more than 1 day. And, an effective amount is about 10
microgram to about 1000 microgram of biologic agent, more preferably about 50
microgram to about 500 microgram, most preferably about 100 microgram to 300
microgram per kg of patient body weight.

30 [0017] In another embodiment, the invention provides a method of treating a
disease in a patient by systemically administering a bone morphogenetic protein to a
patient in need thereof. The method includes the step of administering the bone

morphogenetic protein to the patient at an administration site via a vascular access

6



In a particularly preferred nmethod of treatnent, the biologic agent is

bi oavai |l abl e for at |east about 0.5 hours, nore preferably at |east about 2
hours, atwbDeasrooaddout 8 hours; for about 1 day, preferalpCy/usese/oes1an 1 day.
And, an effective anount is about 10 m crogramto about 1000 mi crogram of

bi ol ogi ¢ agent, nore preferabl bout 50 m crogram tp apout. 500 m crogram
most pr ef ersaypvr%w&&fela%%%r@? RESICRERICH 8 elg‘fea?ﬁo 19dhe RYiHt affat i ent body

wei ght . [O%Mallﬂo@é}@& H@Hve%ﬂg%%rifﬁ‘é‘ﬁatiehhe&d&i/cﬁﬂé PRl ¥inB8ginfniBih0d Of
treating a disedse in a patient by system cally admnistering a bone
mor phogenetmehgd etneurtheronelugathicstep dfmmpkleting heasolar adises steichwelwithcl udes t he

step of adnmi njstering the.bgne rphogenetic protein to the patient.at an
2 st rarieBpsreRests i BeTa R BRI F yB SBelvirBpt freRan it

nor phoggnetth€ juguRk @k, 1hs sHRJANAT €dn tRe sliRriBAVdMRNLvAlor thedBmbrAkbM | 0cat ed
delivery site in the patient. According to another enbodi nent, the nethod
can furt herackordingde cetin smbpdigtenisgltaminiverfica. Vasearmbodigses shostasaitiure with
i Ve”a%&'éss %&&ﬁr% ik Rl Q&Edu‘i%glﬁéé%){;r ‘ge%%ﬁgme%w} Qoen. E%&@ihg\(oe“.ous
access can be via the jugular veln, € subclavian vel n, e stperior vena
cava , or t haofhenembbdiehiofabe tivehtig, the aletibisiratichnddedd peiphsrabind the

i nvention. In one enbodi nent, the vascul ar access structure is a central

venous cat H@p@fargecesssndyreyeablcC higet In apalisrftivg cpgodimsinhdhe enbodi nent  of
t he i nugnt i gn,: . - adm.n i wta i : .
accessvlgt r uagijjﬂdlrng@?ﬂs gswgll%nlh?frll%mﬁﬁha%cg tdggntglt% ?ggﬂg%@g% Pﬁr@ﬁtth ,gﬁtﬁ]%gh&{’

admi ni st r atthohomsi therpheganent palt¢iy id Byl edAcdadiogdd noe ¢robahmertindfablé nent  of

t he inventi.on, the bgne norphogenetic proteip is - 7. .According .tq one
enbodi ment YR HRGERETONTE SREIRIBFYS Fee fi MhneiidbiRprie Qi 11 eo
and subst anhiaahth¥r ARRRBEAUHREscul f# 80R% Belct@EROdILIBRG Al RE1Mas plakar access
structure is substantially healed in place prior to adm™nistration of the

bone nor phagenés admiprsoreemoef tho0esd mprphagetdiepretsipect, the present invention

al so pr,Qvi or formul at i conprising.a biologic e i n._anount

ot fectii9e d0kHer i B ARU et MRl B O B Rl En AP o aBE Tor use
wi th the mebhgsisindesssliobrRheamai amolR Rkt totRl deite BSREGHjuryt diRliRagsent
invention also provides a kit for use in systemcally adm nistering a bone

nmor phogenetWhichsguilie for uge pathitbymethedp desgriberk#®y®. | n one enmbodi ment, the

L LT Ui Ribont, TRUEPSSRDE Sl 6L A0 VARSI B A5sRSS, o vt e

T .
IS ions for systemcally admnistering
systemically administering a bone morphogenetic protein to a patient in need thereof.

20  In one embodiment, the kit includes a bone morphogenetic protein and a vascular
access structure. The kit can further include instructions for systemically administering
the bone morphogenetic protein to the patient. For example, the instructions can
further indicate that the vascular access structure be implanted in the patient so as to
permit central delivery of said bone morphogenetic protein to said patient. According

25  to one embodiment of the invention, the bone morphogenetic protein is BMP-7. The
bone morphogenetic protein can be provided in a composition with a suitable
pharmaceutical carrier. According to another embodiment of the invention, the
vascular access structure is a central venous catheter. In another embodiment, a kit for
use in systemically administering a bone morphogenetic protein to a patient in need

30  thereof includes a bone morphogenetic protein and instructions for systemically
administering the bone morphogenetic protein to the patient via a centrally located

vascular access structure. In a further embodiment, the kit includes a vascular access



t he bone norphogenetic protein to the patient. For exanple, the
instructions can further indicate that the vascul ar access structure be

i npl ant edwOnroto®3p@Eati ent so as to permt central delivergTafS2eaioctiRone
nor phogenetic protein to said patient. According to one enbodi nent of the

i nvention, the bo nmor phogenetic protein is BVMP-7, The e. nor phogenetic
protein car’ Ut gﬁeﬂr&éﬁ‘gplﬁ 'zleé’ﬁ?%‘ 2EGShSHUHe af%ie%sméa ﬁa’élﬁl}}ﬁ@é]ﬁfll cal

carrier. Acdqlgrdgh{;@ybpt@%hgg{orﬁ{géggétwgtegi the invention, the vascul ar
access structure IS a central venous catheter. In another enbodinment, a kit

for use in [802len dht foregmng,and vther frgtuedodedvantpges @é thetingenpioo tae ivelltas a
tient | dt h d b d
Pa e B BTLREl bOPRAE Ah S B TRE PRI BB R, pr ot

to the gatlcg@@rlpﬂoﬁ ﬁldC&ﬂhfSaHy | ocat ed vascul ar access structure. In a
further enbodi ment, the kit includes a vascul ar accessstructure. For

exanpl e, the vascul ar access st r i2etailed Besaription central adni nistration and
delivery of the bone norphogenetic protein. [0020] The foregoing, and other
f eat ures ar{ﬁﬂ%ﬂdvantT hge&smt lln‘ﬁ?@tli)mlﬁéwﬁ@dow ths dipepyermshat e ck Wlt@ﬁel tsel f,

wll be nore f nder st I I oW ures CI’I and
clai ms. Det a‘i)rlpg PosT g&g’fgo@% i?’ ¥ BSent nﬁvgﬁ{%lcaﬂy o aﬁ}ﬁ th

di scovery ttb@ianaﬁalgx\eﬁmhtaerdweltseeﬁeﬁpbppﬁ@ﬂiﬂg h Solpfien 6f the pEVED, foBMplecan be
provi ded non-surgically and non-1ocal to mammal s wit hout adverse effects

by provildi rige & vasrlaf pesssoftruchie prchtas byt natdimitaddpgicantralivaneus\eathetiraln access
structure h act ,
the Tnvent I a Loar RiioR Bplbil Sk ey PORLE SNSRI ik et
criteria ar@taﬂmﬁrﬁntm‘e nai.uw@sfurh admiessibn IancadehwerﬁtAatetcﬁamlamadeldehn very. As

set forth herei an ex | ary otein - can be provi fely to a
human subj GermBliFy BrRYSHe V. 5% B BTG SEBL A RS, rlag?rarrb i di ng
a_sol utton @hdkide SHELIA(Pa BRAC BlovRRSES SolRECHENHE BIAMCH ARsdulfent ! a

venous line, a central venous catheter or an arteriovenous fistula to nane
but a fléw. deorss ebrmtmeespclaa&:zecﬁrmal vanene lisc, laicgetrdarnousalathdecr ar gent r al  venous
access cat heter |nse eglt (EQF fgeck chest , or %}tom t 0 access. B’ﬁ

jugul ar veidePRY PR 19 PRRE QYT & FW O AMBLS § COHTH SFRRUSIG SHhinelidsi n) |
Pref er abl y,, @niaseHbay adcbfi@aihStcplide R musthe Bk, chést bBg®ASiol Ac@geRssi bl e and
t he catheter access has sufficiently heal ed into pl ace;, for exanple, a

vascul ar adegser ysor (negh), theesubelpeien vein (ehedt o femoral vein (groin). Preferably, a

vascular line is placed such that it is easily accessible and the catheter access has

20  sufficiently healed into place; for example, a vascular access port at the injection end of
the catheter is which the therapeutic agent is introduced. The vascular line can be
placed with or without surgery and then be allowed to heal to minimize or avoid any
leakage at the puncture site into the blood vessel. As is explained elsewhere herein,
aspects of the invention further include a protein formulation, including pH, excipients

25  and/or concentration, as well as the rate of administration and dosage accomplished via
modulation of the same.
[0022] While current clinical applications of proteins such as BMPs, as well as
other members of the TGF-8 superfamily of tissue morphogens, are limited to local,
surgically-invasive implantation for inducing local bone growth and repair, preclinical

30 research confirms a number of systemic disease states for which BMP therapy can be
beneficial. These include but are not limited to applications in metabolic bone diseases
including mineralized as well as non-mineralized tissues affected thereby.

Additionally, preclinical research confirms a number of systemic disease states for

8



the catheter is which the therapeutic agent is introduced. The vascul ar

| ine can be placed with or without surgery and then be allowed to heal to
m ni M ze WO 2000di9804any | eakage at the puncture site intoPChashéiooekizessel .
As is explained el sewhere herein, aspects of the invention further include

a protein for.mu igQn, includjn H, .excj.pi ents and/or congentration, as
wel | e ¢ hevhidh BAOY %gaﬁwr?ﬁg br é?*?eéﬁl%m}@a@%%u%@%or@%a foriad ﬁi_bdm ati on
of the samgyisdaQQ22L1isWickEsuelhE Bitbnk!anBiabit kRRR| HGREdeONReBicI@bOLei NS such as
BMPs, as well as other nenbers of the TG--b superfamly of tissue

nmor phogens ,pudinendry fibtast, blesitpodibhetesueagiceabbylai seeamigy bviriiresns, at i on f or

i nducing | ocal bone growh and repair rreclinical research.confirnms a
nunber of SyLtBRRE saNsE M 3ebRF bR tERdse Frel SRR S8 bener i ci al
These i Bcl uglatdett oRE@h¥cabdssin@dhd Pregddp iriveatidD Aen stalBdAh o ene

di seases including mneralized as well as non-m neralized tissues affected

t her eby. AdRVPHokalomappprceated teibsghe prigadaphroeehf Momevear, fmyesenbmvestimen c
di sease st f i r | Cl j i .. ssues
ondror o ganier P ER PG WIELAPRAARE: O AEHE Wbl SIUPE dilEPC8,
ki dney di sgasighcraliifeosc (cgf. 06k $ntravusdiiinasucithdibons,of intedpediohysl di abet es,
cancer, ocul ar scarring, liver fibrosis, inflanmtory disorders and nervous
syst em di scydgupistration) sgrbpvgamdesigplersiicals. elwdingdhe fasmator pf AQUabYY usi ng

the prggent, iRy e QM #le0€ Ifgg@§ b Laat Ny &k BVt W,appr eci at ed
to be t?e 5%??hﬁ¢(%§pﬁ%agﬁ.e rgbverfq¥§%agﬁtgeﬁgwynggnggﬁsgﬁr?Eer
confirns thaduccoruesttloahiatd tretihodstiofs ssiyls be forcexachplcdémat i on, such as

di rect peripheral injection (e.g., via intravascul ar, subcutaneous, or

i ntraperitopeal .adm ni strag.ion) c have undesirable effects, including the
f ormation ’oé’gf"dg?e@t%éﬁé“”}é%?&”?f%"%‘_{&e"ﬁ’%gﬂ’éaﬁf the site of entry, for
exanpl e a Va3l ar pbGt e @r&bitdnvafidn costemBIERRtthAf suRSHL b i¢ h&RHR
reactions such as, for exanple, edema. Biologic Agents |ncluding Bone

Mor phogenetiirefepbét @minalp sabierpreieinefThat vea preéundtbiolagierneiwns e orateinpl at es
Lhal @ sul taRle Behaaheaaanh  SRIGLALARH ALl LyoggisLe protein.

That is, a preferre ogic a a protein is’su S?Xntially

i nsol ubl e grofehyisdodk bWIGHL agdrlt iskomembangtl the TARN-EXHIFhAEY of pteihd) arigous
bi ol ogi c agent is a nenber of the TG--b superfam |y of proteins. The
present i nuEpRenbRVentionHarthesmeeyidessfor s profeipacsoies biglogisrecnt Brigyp eoaReht t hat

is a mmeroﬁeﬁ%ﬁtﬁ‘sﬁmﬁﬂ%ﬂﬁ% ITY}PQ[ﬁ sﬁﬂ%?fa&%‘ol? p§cH8ﬁ§.f ﬂmeh){inogmﬁ%rd%&{tps' I'n

certain enbo
of the present invention, the proteinaceous biologic agent is BMP-2, BMP-4, BMP-5,

20 BMP-6, BMP-7, GDF-5, GDF-6, or GDF-7. In a preferred embodiment of the present
invention, the proteinaceous biologic agent is BMP-7. The present invention also
provides for a proteinaceous biologic agent that is sequence variant of any one of BMP-
2, BMP-4, BMP-5, BMP-6, BMP-7, GDF-5, GDF-6, or GDF-7. In another
embodiment of the present invention, the proteinaceous biologic agent is a protein

25  having at least about 50% amino acid sequence identity with a member of the BMP
subfamily within the conserved C-terminal cysteine-rich domain.

[0024] As stated above, BMPs are a preferred exemplary biologic agent for
purposes of the present invention and belong to the TGF-f3 superfamily. The TGF-3
superfamily proteins are cytokines characterized by six-conserved cysteine residues.

30  The human genome contains about 42 open reading frames encoding TGF-f
superfamily proteins. The TGF-f superfamily proteins can at least be divided into the
BMP subfamily and the TGF-f subfamily biologic agents based on sequence similarity

and the specific signaling pathways that they activate. The BMP subfamily includes,
9



of the present invention, the proteinaceous biologic agent is BMP-2, BMP-4,
BMP-5, BMP-6, BMP-7, GDF-5, GDF-6, or GDF-7. In a preferred enbodi nent of
t he presewD 20mveBd4ilon, the protei naceous bi ol ogi ¢ agent PCS/UBRAOMN241The

pr esent inventi on al so provides for a proteinaceous biologic agent that is

o e Aot Pinide Al 50F- aéﬁwe%%@ﬁﬁfe%%ﬁ%i b By >

prot ei naceous, ML‘?QBN&PQ@QMP-WS(oﬁecheﬁchﬁr&eﬁ@Y bf‘QPalt) ﬂzﬁﬁﬁg (@P(thBlﬁ@-/@I@m no
acid sequence identity wi nber of the BWMP sub in the

conserved QOPed)nBivae- 9(§§5§tFe?)nBMR -0, Bidiai lmGIPMZ)fL]BME l§t(@wd7)aBMlé,l3 BWPs are

and bel ong (EDRE-B-Z) BNIRF D, bRle PerOBP SR sl e P HRaTeP G are
cyt oki ngs aipra Qtaﬁlﬁ'CﬂﬂFl-St(ﬂly%Btém@)OWbM?@s@s)thﬂ% Pesdne sivani@sh, prldf@rdiuman
genome contains about 42 open reading frames encodi n}? TGF-b superfamly

protei ns. THecriamElbprotpiey ingluie MR-t ¢ ris -¢and dtanddaldk-Sped, @Ild/r7d@@IVWthaé t he
BVP subf am l dﬁnq’ak&%la-lr_ ere?rEg) h?qq%lhy 1nt8 ut(al %ﬁ 2a%§@; g aB&%.ﬁij en 6S§I%J$nce

simlarity an hé 'specrfi ¢ sl t hey activate he BWP

subfam |y |m@idsdpﬁfelmt¢ti ekSmpl@fy Bm i GEIMPG’ mwps e al&vl@réseﬁomtcﬁmaﬁimb)l BMP- 3b
(GF10, BW-4 %BI\/P— BMP-5, BMP-6, BMP-7 (osteogenic protein- 1 or
oP-1), BIVP -speqiep gyhermvm desre opllsiic vigigtiog ip L sqquersgsamong BNt ( GDF- |

I) B (AP BWP- 16,
W&F%é%&thf %I%n@plﬁp%%gnd and ééée%@@%%%% .Bi)g[c?r pur poses of

the presentdlsqovemdamdlchqnaceérezlede@da;taperfam |y prot eins i ncI ude BWP-2, -4,

-5, -6 and s wel | VP-52. rtic

preferred ﬂp&ﬂl nsﬁ?Fgﬁgd% ngy méblﬁa%s b i mSted 1% Td;('ralgcfeg?u'jci[‘r bré'st

preferred exgmpb: MWBG? aBMAn (e f ?WC%VQ{ K) ﬁ{(ﬁlﬁhﬂhﬁsﬁﬂa&robﬂag%tlﬂlﬁﬁlt@t@" mal
species. Furtheriore, there is allelic variation in BVP Sequences anong

di fferent rre’trtkenesl OVIIEH, Muﬂ%tmnpokmbitmtglsohstatmadarttlhwem@ bpeonesindaglicht i on

e it e e e e e s T S

activins (eTQ}E pACtTEGFP M’Qandﬂdaﬂdrgﬂhrhhﬁﬁcalré&@lkz@ll@ﬂt@@l@erbd‘fhbﬂét toothy TQF-PKi ne- 1
(MGC1), Millerian inhibiting substance, anti-Millerian horm)ne and glial

cel | |1 ne cubfamdly membatrish epdcilécedy n(c@a@othmvmpsed herein, "TGF- b
subfam |y, eo%g b6 TGEF suefah@3NEE AN BT &R eu?e%oi’%kz%ﬁ%h% ther eof

refer tot
superfamily. Additional members of the cysteine knot cytokine superfamily include,

20 but are not limited to, platelet derived growth factor (PDGF), vascular endothelial
growth factor (VEGF), placenta growth factor (PIGF), noggin, neurotrophins (BDNF,
NT3, NT4, and BNGF), gonadotropin, follitropin, lutropin, interleukin-17, and
coagulogen.
[0027] Publications disclosing these sequences, as well as their chemical and

25  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 (W094/10203
(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)),
Vgr-1 (Lyons et al., PNAS, 86, pp. 4554-4558 (1989));, DPP (Padgett et al. Nature, 325,

30  pp. 81-84 (1987)); Vg-1 (Weeks, Cell, 51, pp. 861-867 (1987)); BMP-9 (W095/33830
(PCT/US95/07084); BMP-10 (W094/26893 (PCT/US94/05290); BMP-11
(W094/26892 (PCT/US94/05288); BMP-12 (W095/16035 (PCT/US94/14030); BMP-
13 (W095/16035 (PCT/US94/14030); GDF-1 (W092/00382 (PCT/US91/04096) and

10



subfam |y nenbers, unless specifically indicated otherw se. [0026] The
TGF-b superfamly is in turn a subset of the cysteine knot Cytokine

super f amwQ.20ddB44ii onal nenbers of the cystei ne knot cytProRiuseosopaes ami |y
i nclude, but are not limted to, platelet derived growh factor (PDGF),

R e
fol T'itropi rGDFl#(W@M‘/’ISMBt@UT&UKM?P@(YSS)?@ﬁFQ@i(%ﬂ)_@Q@?SD[%@gZﬂJSEM@liM@;t i ons

di scl osi ng these sequences, as well as’'their m cal an ysi ca
properti es, GPRdIIUNEOIBURB4S (BAD/ TR R0§I438.BMB:1S (N6O9&367101, 691; U.S. Pat.

(\ico47 10203 RET CRgarDsdagsr! BB oeGReaER 5o 0 NERMP & a1
Sci ences 244p5PRW AP35 CrhO8R)/ D06 BVeEndwangh/ BMBs GpCTes st B 185 ardl -
PNAS, 87, 9843-9847 £1991 Vg q)}l Lyons et al., P 4554- 4558

) S, 86, )
(1989)): DPBOPPHEAER (PGE/ERPIO DR SHCOMP-28BMERI 3) (VO IR0- |  (Veeks.

Cvooas 5680 CRATHEB T GEABIMONRI RS b T SRE0 P RE A PO D e o 2
(W095/ 16035 CCRTI/3UBMP 124 0RQ)95/ BIWD2 (RGT(ADRE) 71803 d(WODAIUB845 14030) ; GDF- |

(WD92/ 00382 éPCT/ US9 1/04096) andLee et al. PNAS, 88, pp. 4250-4254 (1991);
GDF- 8 (WOR4PSTESY9Y PERPUSEhs pluspyblicatpnsarespaporsigd erpdyy 19E59anGo0685) |

GDF-10 539 /- . 2 S95/ 08543) ;
BVP- 15 1?\‘5@@9%@710A% Eg% “ﬁi%é/ &%ﬂ'@%p%%ylm%nﬁ%@ 12%2‘% 8&%@5@ 02552) : )
GDF- 5 ( COVRrbteinyP:m2ins(aideetinl it oS 0584dind6 SKill ianiet AMOXGA h4B1BEr of the

PCT/ US94/ 1281 d W3/ 16099 /| EP93/ 00350)) ; GDF-6 -2, BMP13
(WE05/ 018011 CPETORS FrOVHEAY in  VEbE) Y sETA G s SPab kst Protciis art )
( PCT/ US94/ 3303000 hetdbdimbrs Sscak asBMBL PlecMEPRIFNGR- CRETE 8504484 499) and
W05/ 10635 (PCT/ US94/14030)) The above publications are incorporated herein

by ref er endedrdrbobig]sighs! seguchchegnelNigrntimgdipré ragiqneoffsanérayhundrddeanting acidTGF- b

superfgily protein,; nmeans a.protein t.o those o rdinary skill in
The ar toas b dop EnE e g B b freEPE 00 Rl Bipletih

super f am | yC-tdpininte tepicH dontaising RpProRingitels 180 anikaridy witleh ehadite®ite expressed
as |l arge precursor pol ypeptide chains containing a hydrophobic signal

sequence, aSKiNCeReHfdayingnasopegyahsinpr sagr exitcine sipleon. ahiase stedterslly-

related proteins have been identified as being involved in a variety of developmental

cvents.

20 [0029] 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

25  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.

[0030] The term “osteogenic protein (OP)” refers to a morphogenic protein that is
also capable of inducing a progenitor cell to form cartilage and/or bone. The bone can

30  be intramembranous bone or endochondral bone. Most osteogenic proteins are
members of the BMP subfamily and are thus also BMPs. However, the converse can
not be true. According to this invention, a BMP identified by DNA sequence

homology or amino acid sequence identity must also have demonstrable osteogenic or

11



and a mature domain conprising a variable N-termnal region and a highly
conserved C-term nal region containing approximately 100 am no acids with a
char act erwet2on/mysiiei ne notif having a conserved si X or PEEWSR010p3L124 ne

skel eton. These structurallyrelated proteins have been identified as being

involved in_a yariety of devel opnental events. [0029] .The term "nor.phogenic
protein" réﬁ@?‘imgﬂn‘égﬁl”é’t‘/éil H?M%BH iRty tPF?@ ai?f@ﬁt-eﬁg‘ls‘\hfp%ﬁof% {*QPTSP“%Fot ei ns

uhi ch has tibRsRLANAGRRAG ! ¥tV piﬁgag?o WG ioAYSNS BN REBlopid S

capabl e of i nducing progenitor cel iferate and/or to initiate a

cascade of wwemtrsatinn assdy {feer Ertt Pat Non5 0at hAEY ShBat. Neadg6G,683. e f or mat i on
of cartilagett)a( bme, tendon, |iganent, neural or other types of
differentia glalpe‘ssue, dependi ng on | ocal environnmental cues. Thus,

nor phoggni qop3Nt ei BeustsRilY] BMPstald indch¥ @Ditkial kesiprorhnY €agh BhaF @bhded N
di fferent surroundi ngis& I'n certain enbodi ments, a norphogeni c protein of
PEe 1

t hi s i nventdoawrisenmblsin inawdicaeer dipeéidebonss. drmddeiadl misrmsjsstiees. [ 0030]
The term ﬁ&ﬁﬁ&eﬂ)‘d (i REAAE! Bl o nri(ﬁfn%ﬁ§ pﬁ\{?Ps?‘ éﬁ%ﬁ’ﬁl%g% h@&%@e?s.t hat is
i n g a g o'f triage a

al so capable o ucin progenitor ce orm ca nd/or bone.

The bone c&vnieBMPs madvefohn aoetslilone BWMPendeehesndd ak phop@tcild@impesingogeni ¢
proteins are nenbers of the BMP subfam |y and are thus al so BMPs. However,
t he conver SEOBRATMERAMHE. Qe s MoK E AT GItED 20t §19HE darREn, Ths nendomadnt i fi ed

by DNA 19eqyepge. g 'E%i&%th%rcoﬁ@%fr}‘é}ldﬂf% %di%??é\%/%ltﬁg of BRIV tP%rtHH?ﬁor?‘,'iﬁQorﬂ@"e

denonstrabl e osteogeni ¢ orchondroge In a functiona I oassay to
be an ost edgenotcalpBBiPs) the pApgoopninatyendncoadsalydiad thewsdtireldoowm aml hine art ;

RS A3 e R A el it W S M i
[0031] St r ygay|al | BvIBNES ndlRug TBfcl &Y BHEPRRIKQIm R L] B3 pRACh BIP

mononmer conprises nmultiple intfanolecular disulfide bon An" addi ti onal
i nt er nol eculoaraindionabf indec Yondgereitisatraka aiatvee domainod hisrproapseteBMPthen BVPs  may

formh di ners. So B may.form heterodi ners. . B re,expressed as
SRR Lt el Yo et Ch i SR bR RS R B T A Rt SR o
a mature doviam is BeEcwidao dmithe tdrdeefdl@vednd proaédingbEMPE OF urEeimbe| di ng

and processing of BMPs. Furthernore, in some but not all BWMPs, the
pr o- domai n iragmabacessalldhYIPs: the pre-domeaimaey menefyrienty hind thejpatiee demaian

I nhi bi t or (a?ldQnay a;Ep hseg cl?a&aet%lne, a(s%g’ecfllz)s agi%ROIF (%.Cgt.,olrh%sle%: a%S(%O&Bgétrowth
Factors, 18:251-259).

20 [0033] 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
with a known BMP subfamily member within the conserved C-terminal cysteine-rich

25  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-
swapped variants, and truncations and active fragments of naturally occurring bone
morphogenetic proteins, as well as heterodimeric proteins formed from two different

30  monomeric BMP peptides, such as BMP-2/7; BMP-4/7: BMP-2/6; BMP-2/5; BMP-4/7,
BMP-4/5; and BMP-4/6 heterodimers. Suitable BMP variants and heterodimers
include those set forth in US 2006/0235204; WO 07/087053; WO 05/097825; WO
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[0032] BMPs are naturally expressed as pro-proteins conprising a |ong
prodomai n, one or nore cleavage sites, and a mature domain. This

pr o- pr ot ewo 208/mB®m processed by the cel lul ar nachi neryPCo/use@b@d2a24i neri c
mat ure BMP nol ecul e. The prodomain is believed to aid in the correct

fol ding an ' 0 S [ t t | BMPs, the
pr o- donai n I RERSOE By ok hebhadt e o3 e el bl e
chaperone, wgou®loboss an inhibitor (e.g., Thies et. al. (2001) Gowh
Factors, 18:251-259). [0033] As contenplated herein, the term"BWM" refers
to a proteﬂﬂﬂbﬁlon@hﬁ@nme“mmg”BNRdmmﬁﬁnnbyﬂ®¢bgh@g$ﬁﬁ“50@@&ﬂgqnﬁ@y,of
protei ns def.ined an no cel guence
Pentity. - AieBEuRGeseRRY) fied BPSin Rargs SvePR pBrRG L Tt RD v

subf am sy KioldgidAa§ oﬁ%hdrﬁﬁ@éloé@&’ﬁ}aéﬂtﬂ@ salbstghcSLAHENG R ct Bedlly dry Wi t h a
known BMP subfamly er wwthin the conserved Ctermnal cysteine-rich

domai n t hatsy&tﬁ@ftcaélvem thedodyha lmlpgymmtrw pyubsiaep apesl fof theHesanmt.subf ani | y
can have | d I used
nerei n thd per ISR PEe AL RGISFb LSRR R it MM ahe Bl sneets]
sequenc e vah¢ sticsyre @0 fmictismapie @o&ya,rdr PR3- al;uga,ﬁﬁlhlblli bewaid Moldgrally actvie\ve

fragnments of naturally occurring bone norphogenetic proteins, as well as
het er odi merMerCEFdYCHHS theyaude masireniiet aptefcsicd Physiplesteal sl iBMEcHe gt Feles

such a 0BMR:26 !és fot of‘é EWIID@@ ggaﬁcarﬁ&éo ds%fi]STh@gP nc‘ﬂu?e W% t‘fi/ etattl GorRIVP- 4/ 6

hetero ners nts and heterodi mers incl ose set
forth in USquﬁ)%ﬂIO:ﬁ&ngﬂ)ﬁloléMﬂdﬁ71/116&5’@5130011&}@3&51 QN 82, \Amfbl BRORe, stc. WO

00/ 020591, 00/ Q20449; WD 05/ 585; . 95/ 016034 _and 3/ 009229.

|0034] The yiarharetiglggically SRR EA iR mJeﬁvﬁ)l%? 81%)@8}5 E&Eﬂf@% (081C&§F%tsagent "
(i.e., bi Ollﬁ&lh&@‘lb'uy ar@‘ﬁ%i Nﬁlt@(gf%nwot@}ﬁs h‘ﬁ@&% ﬁi@faﬁbﬁhd SrbioE 104k Aty | M tati on
blologlcally physi ol ogi cal [y or pharnacol ogi cally active substances that

can act | ooa¢lhgingengyatsegiondh Fagtdars holrmomﬁsd@affemnbamrofypwrsagﬁnkmﬁs a

subst a or th tr.eat ment, prevention, diagnosis, cure or mtigation
of disg§ %?mPLWﬁ%fg %ﬁ%%%?tance which affects the structure or function

of the bodym(ms] prWo@lﬁd@;@%kﬂl\éﬁlirpﬂheQﬁleblogic%bﬁt&hét&eaﬁtbéIré'l@as@di im®f e active
after they reside in or contact a preferred physiol ogi cal environment.

Al so, vari AqycquscREIrgIment [shinpoyiilized ge the displossd mysadon. Thespreferel ude wi t hout
limtation ‘}r%o’&ﬁn&%ﬂ dtlﬂ %Fol(?@g R IR ORIREHES 1n TRIRS Prat SLIRb SISzt S!S

et hers, esters
blologlc agent is minimally soluble. In a more preferred embodiment, the biologic

20  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

25  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
thereof. For instance, useful BMPs include those containing sequences, which are

30  homologues or variants, that share at least 50%, preferably at least 60%, more
preferably at least 70% and most preferably at least 85%, amino acid sequence identity
with the C-terminal cysteine domain of BMP-2, BMP4, BMP-5, BMP-6, BMP-7, GDF-
5, GDF-6, or GDF-7. As contemplated herein, preferred BMPs include biologically
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which are biologically activated when injected into the body. Preferred

bi ol ogi ¢ agents include, but are not limted to, proteins having

t her apeutwo 2o0tro/qe8@phyl acti ¢ activity, including enzynespPCgrusatiootaes ors,

hor nmones, differentiation fact ors cyt oki nes, chenoki nes, and anti bodi es.
[0035] To thase skilled in t any Dbi Q|O ic agent that can he rel eased
in an aquedGEVeRAEREERY Sk SULPF Hglgd’a}’lﬁn ﬁ%nt@i‘%g’(,gl VIIVIHGSRTdN. In a

preferred ephodib%®btiond NAI mapisnglﬁrea%?nﬁe hidsdt Wchmpﬁ%h% the!s@ vanalher
preferred enbodi nent, the biologic agént 1s mninmally soluble. In a nore

preferred erteodbintogical adtizitpicompafiabledgértnatise Sarlys taneded hkeyeiphiysicohogi cal |y
i nsol ubl e. fur her. .pyef d odinent, the biolo e i S.
Subet ant | ar EMP Rkl BBt 8L TP BRI TR, Mol Sansiisd? pff of B HhrsieSine

enbodi mgnt ,prbfdmsbi ol ogi ¢ agent is one that can persist, after dosing, in

vVivo, with effect| veness for 1 hour, nore preferably 24 hours, nore
preferably [ﬁ@%‘]our Yorghagenicrpsoteing pesfuk hseip inphedasaaknowninaturathr eecpirdizer abl v

th, abl
one, montf, Y8k Sidibs TRIGHBL S8 B YORRHAT S Lihf (RS, RRfcbE cul ar Ty
super f am | yTheb@variants intlud®foemp abting whidgyglpesth Rribe gatesring ehiryiiy N-tedneini,

bi ol ogi ¢ agent is selected fromthe group . consisting of BMP-2, BWP-4,
BMP- 5, BMP-ang acfgriryncaiggyor siutatestfogms @bpnativegarofsa)- |U%€£ulam9mh%fnéﬂ PrOtERlS ant s

and horygl ogy Sm%l'[l&é #3 ethE £re'b§b%§zﬁtﬂ€t?call?§?3dﬁﬂceci3{?;§, ‘srﬂ&tkﬁigeoﬁ ARGgcont ai ni ng

sequences, are ogues or var are at least 50%
preferably mbteimé)s&ndﬁﬁ)@ép tha aee pve nerrphdgenahlly easte ii@Rbandf tho gengalef er abl y
at least 85% am no i.d uence identity with the Ctermnal cysteine
domai n of BRWPPHOS &‘mﬂﬁn‘gpgoeléﬁxp 6, BWP-7, GDF- 5, GDF-6, or GDF-7. As
contenpl ated herein, preferred BWPs incl ude bi ol ogi cal | yactive variants of

any such BWﬁdes‘ dﬁﬁhﬂ@aﬁ@ﬁ hADIRLSEDL BichdiRe $ASSRINAEleVeSPidrRsaci d
substitutions. that is required by the present invention is that these

variants r e[ﬂ@}’ﬂ b| of @gﬁtl@alar HeRariAnes tl@fomp%ﬁnamVénm@ Qorméenmlatps/@efmdmf As used
her ei n’15t he %t%r rTc1 tr Ee’llyﬁent usfaé p%t% n%ts%'cﬁ' af gbtf{@?m%oteg tanh%ge gfrt% %‘Cﬁs means any

0
one or ‘all oregoin pro eins. hogeni ¢ protei ns usef ul

herein i nclsugafmyy kﬂﬁ&War@@hﬂfnﬁihhl}/y DOadIvd. | AGusddthickttn, PERit @S mebichdidi Ng
allelic, phylogenetic counterparts and other variants thereof. These

variants i rler &he grilted practitingier wily padsreiandcibatons loet cpmincBidss methed i ng

Bl_sél?[llm Pr{)r p\ﬁlﬂge‘tﬁp Cf)réfeg}[i éfj&ﬁ&l‘tﬁgac(ﬁ e %&ﬁ‘ﬂseiﬁtrwﬁd%ﬁ &% sibj natly §inPle Q& N

site, such as but not limited to a peripheral percutancous site or a central site, so as to

20  effectuate treatment of the subject’s whole body rather than just at the single local site.
As used herein, “minimally-invasive” means 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).
[0038] As already stated, the present invention is based on the discovery that a

25  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
now be provided effectively via a systemic route without adverse effects and without
surgical intervention.

30  [0039] For purposes of this invention, “delivery site” means the anatomical site at
which the bioactive agent actually comes into direct contact with blood; whereas,
“administration site” means the anatomical site at which the bioactive agent is

physically first introduced to a recipient. For example, according to one embodiment,
14



al so include those that are biosynthetically produced (e.g., "nuteins" or
"mut ant proteins") and those that are new, norphogenically active nenbers
of the gewenaloaymphogenic fam |y of proteins. Mdes of pAuriSeé19eAR4 ON and
Delivery; |1 ncI udi ng Vascul ar Access Structures [0037] O parti cul ar

i nport ance, resent inventiqn conte ates net hod S em ¢
{roat mont 1 BiGRgonste Bg he g HR BT e B %hﬁ‘FHﬂ?é“‘f‘CF- b
super fam | y,o efm& Gllm B Qe NN MDAl it YRS0ES - ofﬁfrediﬁl%ﬂt herein, "system c”
means non Ioca The skilled practitioner will understand that non- | ocal

can i ncl udd084ttet hdbe wlventedjye&pqutsdh@dlﬁcayrersoﬁlhmertblm@mf v phpgelotichk

introducedt asuB ect att, a |tte ugl Q?ut not llmtedto
L er s b s At Ak R e p Sugt oL R it R 8T o P Rhalbiant o
treat mest Qbhfbiebisadive@ber sbiPdst RO, iddlidhg hilakeniplsdy pRbteinn@cs bhBMP-1 ocal

site. As used herein, "mnimally-invasive" neans non-invasive or
non- open- f|7elléith¢1ﬁtj§i Balanpe PRsHSE ofithe lwntlvle@%l’f%‘ﬁlﬁ‘tth@ﬁ@fﬂ@ﬁcp ar gitgledr st and

that miningl] y; aa%%gngfe%d@taﬁt S8, 20 lg%]gvfggggsrggfee@sggis% Qe

incision(s) or I I'on o fead

stated, thdspaesgfice] fov exdosie, ddSmbéfﬁeed "Rhl iitogritetios penessyulhd) &bscalar and/or
m ni mal | y-sol ubl e, bi pactive agent can be provided to a subject other than
by convent i\sil s Esustiche BOsoraferrad sithisdetagt: ilpdicatpesaf ixfHeaintegiiect i on,

or repgpit 'ﬁi@lu&’ee{h'e RREAAL \Mﬂlﬂ?gltolt'ﬁﬁ] %ntey@geea!? et%t? gg@t \fhilg{%ﬂ gemsaﬁéreanm qactive

agent such as a proteln can n e provi la a systemc
route w t hownvaduler sssueff metdshvmyl sité; tnodertkageiogpanatrationt efithetissuoms. [ 0039] For
pur poses of this. i ventlon | site”. neans the anatom cal site at

"del i,ver
whi ch the B BEsy haég%ﬁfcoééltnﬁé? fhg t %H%Spﬁth&pa?%w%mawc bh bl ood:

wher eas, " gialRcRlak 8hd/OMdH-{RculiBAREe Ethﬁeaﬁ‘%@hgﬁb&@khesdeh@e@tsu@’@h&hd bbe
bi oactive agent is physically first introduced to a recipient. For exanple,

according tsobﬁmélaélmfmdlorfbmloglheg@ﬂlfnllrwsng delivery. sE4ch ofglye ﬂoeegOh@ isi¢adilpwher e

t he catgeter thr &he b% tlverta%ent |ts adEnn St cj[

i nt r oduced rP?ﬁSBr ybod‘ﬁf SFaay e ‘?BP A PO PR E A RN 6?1 B&‘g‘r oits the
di scovery tjbad1]cer Rapardmpeet driothdpRyifdrioh oGt Gallo@E bi@i bldoudd @ispatestm @t i ve 1n
successful adm nistration and deli ve:fy of a mninmallysol uble bioactive

agent such gt kagrlonkmin upaicitsdnlivgryak vshemsirarte pebeepractiticorr will BMP- 7. In
R .
exanpl e, t henpagiblgpbehanidch Sécuss at a central venous site. In short, any mode of
20  administration and delivery which recreates and/or simulates the physiological and
anatomical conditions associated with a central venous site or a deep vein site typically
accessed by a central venous line or catheter is within the scope of the present
invention.
[0042] Yet another criterion for practicing the present invention relates to the rate at
25  which the protein solution is introduced to or admixes with the blood at the
intravascular delivery site. The skilled practitioner will appreciate that manipulation of
the rate of introduction or admixing permits the practitioner to manipulate the actual
protein concentration in the solution being introduced. A slower introduction rate
which effectively reduces the protein concentration at the delivery site permits higher
30  concentrations of starting materials which results in lessened administered volumes as
well as lessened precipitation and inadvertent penetration of the nonvascular tissue by
the administered agent. Each of the foregoing indicia is readily measurable by one of

ordinary skill in the art using routine materials and methods.
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is trauma-free; for exanple, edema-free. The integrity of perivascul ar,

vascul ar and/or vessel intim tissue at the nost preferred site is intact.
| ndi cat orwoab1o/aesd4me i ntegrity include the extent to whiPpCh/yseavmR412€nt er s
or |eaks into the vascul ar, peri vascul ar and/ or nonvascul ar tissue at the

deI ivery si aka e or enet on o ssue i.s preferre That
accor dﬂhg‘”ﬂ h %ﬁ\“ﬁ lygye ﬁé pbe H’Fni ‘H‘\t}l%?]tI}VB’ﬂ“OI\ra Oé{ fd
per i vascul atfea%ﬂéﬂt%f aﬁ'ﬁit]"'ur%é%PH Is@sed El%@%oﬁbnsé@%ﬁﬁuﬁﬁteﬁf% ﬁﬁzﬁfﬁdnhﬁ%trﬁ't%d very

site should be substantially free of biol ogic agent | owi ng delivery.
Each of th@ltf:@rcegmpmgon sompagling y brrdegapgdnt endbgelonangfo oy diraeasyulgki [ | in the
art using not her

routi ne terials. .and haods. [0041], Re n
o tort on "R Bl oS BR ShT A B o ke e B A A Ve BT
m /' m n gponyubstanthly iuviBsMpromisddn an MRS EmbbdifesK kid lﬂ@lo@fcaa%teﬁttdlﬁﬁﬁsres Wohi
recognl ze that dispersal rate can be mani pul at ed; a preferred dispersal

rate i s corpadebicey sits at gaetewpd @harb@r@@.u@e gctivede HentEhe ewed or diseased | n short,
any mode Oftlsg‘lgén Iﬁlc&ttcélﬁ hl%%d%'eqltﬁd con LSM&O%%I{G%%H?T?G cﬁa? é\srcyltg are ?Ul ates

the physi ol ogica anatom ca i ONs assocl a cen

VEenous Si tESaﬁll'e an deepicviarin pedféecd Qﬂﬂ)(ﬁﬂﬂnblyt, theckeHsad sb@rlsazeﬁellat-lvallve-\ﬁeeous i ne
or catheter is within the scope of the present invention. [0042] Yet
anot her cri/n&pPPBAL flt?rblﬁ‘?(hﬂ?‘ivéi“ﬁ@t th deliyey sttt 1sispifesnt énproxidgpdiolpgicalhe r at e

at whi Ci'@ t he?fe@ 19&&3(5 @a?le'tEt fe%té ﬁofn'ﬁié Qﬁe:'lcffﬁig d{f Ol § %5@1% \ﬁﬁﬁt (F:lf\l@ffn | ood at

the intravascu del Ivery site. The s practitioner 'w appreci ate
t hat mani puktatis acr:otnr[plitslmi msangeami&ltramscuidumﬁammmavmgm dqstagetxdevvunl’i 4 sott-he
practitioner to.nmani uI ate t act lfBﬁr tein_concentration, in the solution

being intr g2 CRUBEWAESN | WG aH meRs HiaPRatats &t4 Pargllingduces t he

protein Coﬂﬁﬁwaﬁﬁilé%tlﬁ%r%%%d ét’aﬁﬁé@&g LafRefRbhs hi gher concentrations of
starting materials which results in I'essened adm ni stered vol unes as wel |

as | essenedOd4dci pint atdlaed aspdcti thadvescnienventiones distdtasitoafcontpesiionvascul ar

i he ad d Each of the f i ng_j ndj ci di |
measur d5) o DY PERBRG BB RS SR R B e T RO PRI Af o and

net hods. [ 0GA3duldiidsess kftucduieUs i8Nddvicerabpira@d waidiodin R akedfo grbeidé Byent i on,
a method of treatnment of an injured or diseased tissue conprises

adnmi ni st er isfgeties amoudRf hiokagiargcahinsiceerdancsompoliciesAnidaygNtiosi Agmestbi ol ogi ¢
et and G5Leh LG, BERYRRSHLR SPLILTEYOFLDE 5 OB " v
unconpr om sEdeclivaryt i sccerdaaci withthe firbnbinotting a agenlar diepestartur fsam
20  device or apparatus which provides access to a subject’s vasculature; the vasculature
can be either central or peripheral. As contemplated by the present invention, a
vascular access structure is implantable on the exterior or the interior of a subject. In
certain embodiments, such a structure can operate to deliver a biologic agent into the
subject’s blood stream at a site remote from the implantation site. A central delivery
25  site is preferable.
[0045] The skilled practitioner will be familiar with vascular access structures
generally, the most common of which are described briefly herein; their utility with the
present invention will be readily apparent. Structures contemplated herein include, for
example, a Hickman line, a Peripherally Inserted Central Catheter (PICC) which is an
30  exemplary central venous catheter, and a portacath. There are several types of central
venous catheters. As described in more detail below, a PICC line typically is inserted

into a vein in the arm rather than a vein in the neck (internal jugular vein) or chest

(subclavian vein) or groin (femoral vein). The tunneled catheter is another type which
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the delivery site at a rate and in an amount effective to treat the injured

or diseased tissue. In certain enbodinents, the admnistration site and the

del i very WpRe10zm9894the sanme. In a particularly preferredpPerhsdinmneti24t he

delivery site is venul ar-val ve-free In anot her, the blood flow rate at the
i Ci effetlve e at a

delivery site is sufficient to .pro a bi ol ogi.cal |

site renot dsf Wgwﬁwsewdgln&atﬁﬁ- yecmrgb@ﬁt FepsH underd ?j%hmv@fl g step
i s acconpl igbesh HSthGatBtci @t&@i@%&%@ tRPRaH. amamlaﬁw%@e flithe Blpeend with a
nondanegi ng configuration. In one suc nbodi ment, the apparatus is an

i ndwel |i ng hnnvvmawalm:lmmarnt@hpdrewvaswlmmeaess@nrtdidmgtqmglsdomrialgumatthla)n [ 0044]
In a rel at ed,.aspect , .present inventi.on js,.di.,ected.to .a osition
bomor i of g SQORTERES: bl G2 AR SRS helGul SR abE, SutREne

cont enplsat q&pt@m@ugﬁbcﬁaﬁ@ggyl ar access structure is any device or apparatus
whi ch can be used Br ovi de an effective anount of biologic agent in

accor dance [#044] th$h9 H%fémplcrarhl\‘/@ﬁtenndhfromW‘fﬂremécrthédumwp@?fcaaécess

structure In%aloﬁll% &E‘d grﬁfc%h{/] g{]ovgdé rcgtp&a,[l II | nve § %drssgxlf'eer‘ala&;/eekp ﬁg% ge%e%fl

delivery. In accor ance resen racce

structure Irﬁor&hﬂ@hbl@&h@l’arappaé(aﬁl%wmthahthbﬁl(p\dfdlﬁScaﬂMSSm‘al(ﬁs & subj ect s
vascul ature; the vasculature can be either central or peripheral. As
cont enpl at galatyely hugpveadht dpmobeitershintosthg laaent sented veigsthey prgdmngpe as s

i mpl ant;abl e r
embod riont nfalnt B s> Noliu el orkrlf s e IRraSLONEEL thah Bl e

t he subj ectihsriol ocours tatbemrsatndarsddsegnee mobeplhcaimis hendrepéraral ad:m(smchsast e. A
central deljvery site.is prefer bIe 045 e ski i on wil |

ot ani 11 arthogiedieg 468 in Bk SE Boubnaed e bl S RERAsel R fon of

which are desgr ﬂhgﬁﬁlnhﬂht@i’ 1i9ub 8RR thak &Ml helptold & Yo ?‘l‘a&é"mttﬁgbw}ﬁsf?)&tm ples

invention wll be readily apparent. Structures contenpl ated herein incl ude,
for exanpl ef the tlﬂnnﬂﬂdacathfrtﬁelnclad@’blﬂ‘i?&h@%lﬁ@ quthet g BRAV Ge®rcatheas st er

There dre SasasHNGREEmSE dERN AN O R ORHE OO Red T o

detai |l bel qygis@rddltiddemb® of YPRC Bty IcS ahdBEFREH ¢dthpung, BERNIrCN Thae ar m
rather than a vein in the neck (internal jugular vein) or chest (subcl avi an

vein) or grivnnelqc eathsteris pisfared witea aceqsnéq g veirinaeasied ifer langperead afyfisec.
B e &
Addi t i onal lof,a dathetee attSch'eJileo 4 yrpell kssemwiralsoth b€ wihighl aadplack dogrdier thie skimscul ar
access 2por t51m;|l-ar11rl to tuI;[ne?catlllesterts ug?leolpglcli ploorljcltcat%eter is similar but remains on top of the
skin.
[0047] In certain currently preferred embodiments, a method of treatment of an
injured or diseased tissue comprises the step of providing to an administration site a
composition comprising a biologic agent and a vascular access structure, whereupon
25  the biologic agent is delivered in an amount effective to treat the injured or diseased
tissue. Preferably, the physical administration site is remote from the actual site of
delivery of the biologic agent. In certain embodiments, the delivery site is a non-
peripheral site. For example, in one embodiment, the delivery site is a central site. In
certain embodiments, the administration site is a peripheral site.
30 [0048] In keeping with the teachings of the present invention, the currently
preferred biologic agent is BMP-7 and injured or diseased non-mineralized tissue is the

currently preferred object of treatment. Such injured or diseased tissue can be an organ.

In a particularly preferred method of treatment, the biologic agent is bioavailable for at
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entire device, including the port which receives the liquid nedication, is
typically inplanted subcutaneously. [0046] The PICC typically extends from
an arm vewo 20mi3whe superior vena cava near the heart aou/uSgpiooadiby
provi des central |V access for several meeks up to several nonths where

e tip t het er |ns

they are placed in g way that t
rel atively 1F%§Fd‘ép Q%rhoubmnoa%pw ?raléxtate ast aﬁwﬂt ry; 3¢ 5@%& et lp%rs Vel n,

they are kra%@t PdayTheHrd 61y GRS @il SdayNothid, 4R eﬁ‘e&%%{aﬁlhais ab8itheters are
| arger caliber than perlpgera ly insérted central catheters and are

desi gned t oniseogpdraceabouit 4060 mmregremmfr’omlogﬂe|agemumhreaﬂeﬁetvé1}j agut 30 vein in
t he neck or the fenoral n the r ed cat het has a cuff
B

Chat st i ml BERETT et el s PR b 150 FRer R T00] ne Body

Exanpl eg ofmich@ridBigbad a et 1es off fagik N(r) catheters, BROVI AC(r)
cat heters andh%hcs r g%g?hégérgﬁ/HICKNz BROVI AC(r) and/or

GROSHONG( r )[0849Y r eare&rébl&dlntma@mbadme%pf the p@segaﬁﬂentlpnca vagaelar kive ise| at ed
conpany, B ecghggch t;EQt it s%%ﬁ%l %&l §€>}}1§'§ﬁ£{h? cﬁthQ{e?{meceESﬁﬂa ‘Q@&f&e%%%%@cﬁo the

veln I's ne eter or “subcut aneous

i npl ant abl @ntqylice; fos e&arﬁplrenamnﬁladmssq)otrmttha:mmnsﬁ snddf the cathdret ©r
attached to a smal]l reservoir, both of which are placed under the skin

similar to Wdhee thappraitie ragent,émmafﬁéweeo rlhe yasopbay élrﬂe £3 bs HResd W eT r emai ns
on top 19f thghgKbd exé,%%?ﬂen'ﬂ% A a't@ éall' b4 &l dhﬁlzeFHr%fv&fdra% 1&@3@9&%&“ S, a

met hod of treatnen an rnjure |sease tissue conprise he step of
provi di ng qmmmmmaannMShehmodneﬁbkeAamahmp&ﬂhbnnmnﬁ@mnhd@hn@haﬂbomloglc

agent and a v yul ar access structure, eypon t he bi.ol ogi e

GolTverod | REARC bR et Bots bty il ot SRR Bt s S8 Ma soue.
Pref erabl y,Vehﬁ)%n&thesélt‘é% sddEh RIS Fré’et dARsHd dfnd?. TEIBELWHIRMLE RenAalh@l site
of delivery of the biologic agent. In certain enbodiments, the delivery

site is a rﬂmpe@tl Ipmareaaormltte refRgrofélxaimpired oi cmnmremmw¢ mlathwghtdwfessdel ivery
site i IS Hp cerizln enbo |pents ﬁdiL *strﬁt pn site is
a peri ;S)lr?era §f’t e efioﬂ?}f'é’] SRTIPKEY AP R ?\Cémipéglgf‘?e S PhEHr 8 ent

i nvention, meﬁe@uﬁﬂ@rm&rubdmlﬁéﬁr §uRdedl @ﬂaagarﬁag@g@amsb@sew?su% haf8ednnj ured or
di seased non-mnineralized tissue is the currently preferred object of

treat ment . sshetpntiafyderdecedrvid] sevaeye grovsthewbigh ny inelude sfantissup. a
particul arl efe
bioavailabl%oggr & gggp&i%93?1%ﬂg&ﬁﬁdggéhﬁ%ﬁg%%ggggggﬁf ﬁg@ﬂrégé% about 2
hours; at |rﬁaﬁbdsaif0hlé pBsd® inventidrocan be modified or varied to optimize treatment of an
20  individual in view of numerous factors including, but not limited to, the indication, the

pathology of the disease, and the physical characteristics of the individual.

Therapeutic Interventions
[0051] As explained above, the invention also provides methods of treatment using
a composition of the present invention containing any biologic agent, or formulation
25  thereof, in an amount effective to ameliorate and/or prevent any known or potential
condition for which the biologic agent is efficacious. As used herein “an effective
amount” means an amount of a biologic agent that is effective to treat a condition in a
living organism to which it is administered. For example, the BMP formulations of the
invention can be used to treat patients suffering from disease or injury of connective
30  tissues, such as bone and cartilage. Additionally, as described below, the BMP
formulations of the invention can be used to treat diseases or injuries of other tissues.
[0052] In one embodiment of the invention, the injury to be ameliorated is a

mineralized or non-mineralized skeletal tissue injury. In another embodiment, the
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about 1 day, preferably nore than 1 day. And, an effective amount is about
10 mcrogramto about 1000 m crogram of biologic agent, nore preferably
about 50 wDepwgwagnt o about 500 m crogram nost pref eralpCy/tshbaoio2400

m crogramto 300 m crogram bi ol ogi c agent per kg of patient body weight.

[ 0049] Preferably, in one emhodi nent of th resent inventi.on, a vascul ar
line is pl dBRE SUEPCHEHY qTQ$§“@§§§F9d%@ﬁ@§?BBﬁ@eﬁﬁdp$%@“h%?%eter access

has suf i clgRobtofaealRbaloitubhfieinial. 8xasRhsis, PayaSulaatc pefeRARert at

the injection end of the catheter is which the therapeutic agent is

i nt r oduced.deTheogeassts ichondrilrtbscesm tbemplizdhedd wid inflomnwitichauducsdicgétageand
then be all pwed Ho heal LQ(ﬁig{piZ& or ayoidﬂ§n¥ Ieﬁﬁﬁge at. the, puncture
site into tHEHIHOE VeSSl RELERUF Ry t'8" P& AVEAPI 01" 'THEY &1m " heal " or
"heal ed’s sug@asdsshilllnBickhdss Shigildgdti@hdck Ysubrfiz i shrfiniol Ablekts Uit eme oM sed
and/ or that the venipuncture site is substantially free of tissue danage.

| n ot her wowetsmiq lpug erythemagtogis; sagoelge pbscleredpimeepadpniet dsspe prgicperation, he
i njured or Folyy! .t & i bhat,. 1L.s " Led” e
o erery SRR A S LR B kS DERL ST
enbodi nment ,disyggesdoadiobid] ordajimige an ddisehisseeRdnichs sandohasndaeincapsiist anti al |y
replaced with new tissue growth, which may include scar tissue. [0050] The

. ! . [
skil I ed ar t8aviakipsmbrapp ptmapiscal fatucsnl anoger AEREIEIRAL AbminHirg OF distash
net hOdsioof t#) IB@ aﬂfeﬁgﬁ% 13 ﬂV&Qﬁée‘ag& I8 IQ?GCHBIQ,' Hega@t?ctgﬁl y%'hhle(ﬁ éaQe,%HItohEQ ze
treatnent of an individual in vieéw of nUmerou actors |nc?ud|ng, ut not
i mted to,rendidaiiuneliceatralowyvouk eyspat shagin apftratime, whusgmsey, meng dehwnphysi cal

characteristics of . the indi.vidual. Therapeutic Interventions 051] As
expl ai ned a8 SRR SUSRERSHER Gl SRoTRaLE R HORE ST R s ng
conposi ti onyiQhsd BeyIRF @88, FMMENCh@MoCONH MR F YR roh O stroReR0hal OF

formul ati on thereof, in an anount effective to aneliorate and/or prevent
any known dracpotential condition for which the biologic agent is

ef fi caci.ou us erein neffectiyve anpunt” ans ,an..amunt of a

bi of ogiic. ag2hile nafMIREE b R T atf SR Re TSRO RIS hg or gani sm
to whi ch i tmbphaehicsis shEfigde nfopfhop¥a¥R fBr a ViectBYPtifsaemal mihas dfferthte
invention can be used to treat patients suffering fromdisease or injury of

connect i ve ftam dorsor aifdhgasTiipmerphegeriapeivibigacluderdhe poiisl foyindugs descri bed
gf' Io‘r’]"J uﬁ ihg ﬁ%ﬁfe@aﬁiﬁg‘rﬂh@}ﬂs@%@gﬁoﬁ BEploBUERY AT, GRNHRGLHASH LPpbitGRY di seases
maintain the differentiated phenotype through the progression of events that results in
20  the formation of bone, cartilage, non-mineralized skeletal or connective tissues, and
other adult tissues.
[0054] For example, BMPs can be used for treatment to prevent loss of and/or
increase bone mass in metabolic bone diseases. General methods for treatment to
prevent loss of and/or increase bone mass in metabolic bone diseases using osteogenic
25  proteins are disclosed in U.S. Patent No. 5,674,844, the disclosures of which are hereby
incorporated by reference. BMPs of the present invention can be used for periodontal
tissue regeneration. General methods for periodontal tissue regeneration using
osteogenic proteins are disclosed in U.S. Patent No. 5,733,878, the disclosures of which
are hereby incorporated by reference. BMPs can be used for liver regeneration.
30  General methods for liver regeneration using osteogenic proteins are disclosed in U.S.
Patent No. 5,849,686, the disclosures of which are hereby incorporated by reference.

BMPs can be used for treatment of chronic renal failure. General methods for

treatment of chronic renal failure using osteogenic proteins are disclosed in U.S. Patent
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[0052] In one enbodiment of the invention, the injury to be aneliorated is
a mneralized or non-mneralized skeletal tissue injury. In another
enbodi merwQ 20tvai9sg4ury or di sease to be aneliorated i s meCcahskéloobone

di sease, osteoarthritis, osteochondral disease, rheumatoid arthritis,

ost eopor osi ef' d| sease, dontitis, dentinpgenesis dr al

di sease, tr %r@aqq ‘ﬁ%«:@l& E)S}Hﬁ»ﬁ Pgﬁﬁi}ﬁfg@% FRRLICSRIPORAE] RIS, ra@geﬁﬁ\ﬁﬁ%. on,
age-rel at e%aﬁ%fuhéc?ﬁ?eﬁ%@ﬁi@%ﬁdtféﬁal r@é&deﬁ“i*o%wﬁ?gr éeh’cr@l&f‘er*vdﬂs‘d?ét@rﬁ and

di seases, full thickness cartilage di seases, superficial cartilage defects,

sequel ae oflscérysnaem teauimpp L@emrqlmﬁehmi&f@n @hamengjélna@onﬂ regov ey dodowmg

peri odont al #%fue regenerat n, grnlatlon agg rug ure of |nt§[%grtebra

di scs, degeBrEIIOUaPLLgRLEhgPia At HR PP PEBREIC oL BEALSOSH M osi
injuries andsdpseases 6407060248 /isclds8RE 8N whERBY ha@tbeRRsipbutedbynovi al

mermbr ane and neni scal tissues. In another embodi nent, the |n{1ury or di sease

to be anel itefcanea BHRs opabegberelas éduringglendritsegrodn, Genspal tresthastnfor r enal
di sease, C%&)&'u% &e%'aﬁl ?d\thH %@ing%gﬁélu%e%'i ]i%‘{e‘{&LH% g%éﬁlo?éﬂ g5 RePAy, Mo t Fauma,
{'61 “Neur o/ ryy dendr itye e c}

neur opat hy, I'Ci enci'es an

abnormal it |63§$49 Fom; khenﬁwlbsare@lof edisah, are plrebalntb potitakbs eferogds BMBedn i ng,
retinal scarrlgggaor ul cerative di seases of the gastrointestinal tract.

[ 0053] BMPLEES padicanggreurah gelt pdhysioRe Gragial wstheds far iidistgdwusd cgbne
mor phoggnes) g uéh%éééé‘o%ép c%&%'é’%ﬁé Fsdi®ed 3n VA IKaiht Rb. § R6GHES thd mamm' S

different from bone i's norphogénic activity Tncludes the
ability to disvdhsosespf mhndlmraher@hy armdrp@reftécbbﬁmferanceorBMPs perml@elmedcﬁmr cells,

and the abilit ort a intain the differen henot

through ¢ hepiliitaudpBR Sitordtdaanitia St Sensel EetboPPrER BTG tbone,
cartil age, dﬁ‘@%nﬁbﬁ‘ 8f PArk ARG '8 'ﬂ%’e@s%%ﬂsm%%sfe@@&ﬁ@bﬂo‘(&mt 48 IBRscARA 8t PgEn@dul t
tissues. For exanple, BMPs can be used for treatnent to prevent |oss

of and/ or |hm;r6e%£26e72190ﬂn@ dnmbsuies ofrwhahaird berblonmcolipowasklsy re€rammaeal net hods

bone di ceadlelsi ho HebbbemndPLr B s Rt L RAF AR BERE TP et MBS R no

5,674, 844, tishee. dnﬁecéxmmge@s&fatm1slchsa6vﬁeﬂﬂ@rrcﬁbaas¢mqraﬁfargad floANlcs'tRE er ence.
BMPs of the present invention can be used for periodontal tissue

regenerat i m@prqaﬁﬁ@rra¢trlm pldays thearrolyisration gnd absucispeific déraediation eh usi ng

ost eogeni ¢ eﬁ%P@ IR! §y %er erg%e(ﬂn{a ecPOISd1§éD g&ﬁ §sué\'ﬁ>cu§ Zﬁ%u%g}g’on% Bt

di scl osure are rpora y refrerence S can be used
for liver r}aeaﬁr @kthemassaulted by surgical means, provides a morphogenically permissive

20  environment.
[0056] BMPs also can be used to prevent or substantially inhibit scar tissue
formation following an injury. It can induce tissue morphogenesis at the locus,
preventing the aggregation of migrating fibroblasts into non-differentiated connective
tissue. For example, BMPs can be used for protein-induced morphogenesis of

25  substantially injured liver tissue following a partial hepatectomy.
[0057] As another example, BMPs can also be used to induce dentinogenesis. To
date, the unpredictable response of dental pulp tissue to injury is a basic clinical
problem in dentistry. As yet another example, BMPs can induce regenerative effects
on central nervous system (CNS) repair can be assessed using a rat brain stab model.

30 [0058] In the case of skeletal disorders, a number of factors can cause or contribute
to cartilage degeneration in mammals, including trauma and inflammatory disease.
Damage to cells resulting from the effects of inflammatory response has been

implicated as the cause of reduced cartilage function or loss of cartilage function in
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General nethods for |iver regeneration using osteogenic proteins are
disclosed in U S. Patent No. 5,849,686, the disclosures of which are hereby
i ncor por avecotwosseifier ence. BMPs can be used for treat nercTafS2anenee renal
failure. General nethods for treatnment of chronic renal failure usi ng

ost eogeni ¢ protei s are djsclosed in

. S.. P 61, 4
di scl osur e<TIFASGH élr?Ja%nés el 9umﬁe@r%@p&€@§f&bgﬁ4\'§w@§ﬁees @Mﬁ ncan be used

for enhanc'd&ﬁltfoﬂn&ftbl%ﬁ‘ﬁner cﬁ%yﬁrsﬁcﬁ 2 {yM RO GROER M enHeds¥O83 F§YRd em | schem a
or trauma. General methods for enhanci'ng functional recovery follow ng

central nersvbucgiesql@ temlssbhdrirertorzed bapardeguaditman @fﬂoaogmm: @sq:weolnethﬁsasar e

di scl osed | 407, 060, .the OSUIL f ch are hereby
ncor por at &8 By et HeEnee RanRG r R st ReP R AR IR R GRFENE gr ot b
Gener al 5rretthad§mftﬁé nbrﬂiﬂ#@%}gg oflendulat b&tiBe WS tl&&%a‘ﬂ%l@é&eﬁ@@@f&e@@é eins are
di sclosed in U S. Patent 949, 505, the disclosures of which are hereby

i ncor por at edrisptly silnoste éEaCBwbﬁiec,fanQ@g wéssasch ean boefirativglyriegted| witethe
adhesi on. %g{g{ﬁg aﬂﬁaﬁ@%‘agi sc%ogge gllgtlngl% ggHral cel | adhesi on using

osteogenic proteins areée Pat ent No. 6, 800, 603, the
di scl osur eq0059]whi &R saitdl daelice e BMqufuadt@ds bf/the éfvenhgot ean BMRsdcan be used
for treatnent and prevention of Parkinsaon's disease. General nethods for

t r eat ment aqﬁffcweésmﬁ%ﬁkqs?talpaﬁ%ﬁwmgﬂas fos ssamlenthc SR deramilations of ei ns
are disglo ]@ft!h% are
her ebysil%ncglr?%lc#rvgltl%él%y rg%éﬁrtgﬁeg.t%i%géég] Ad |tisc}ﬁ% 11;I}CL%%I{\/F!% (gggﬁ J[é&%sed to
repair di seaaeadrtdagedmmg,esdchmsmdégeaeratmsmtmver’d’dbealel;i(s'csdm atgert i ssue at the

| ocus, whet di.seased .or oVi dﬁs t he agﬁ)te grl ate matrix to

al l ow t he P?W%?P%tlséﬂﬁ “E“f B%aé%éieflfz} S 8F P SEYSon' "5f  pr ogeni t or
cells. In %Hhﬁlh@éhs o (AR AR[BNan Hiss $RSEH HhitRIHLILPGE? »de@éi‘lreléa!n%ﬁ'o@” y one
that has been further assaulted by surgical neans, provides a

mor phogeni (ﬂaﬂ1¢u}arpﬁ@rtdﬂ$s Ryt écn‘th mgrulybsited H@baﬁa]hcm\v&} 8y bﬁaﬂ%b@lChstedlet 0

f i f
P oo son e Rtint Y i aithlr 8 oIS TE bR ITRE b 5kt P B heaBn PE ot o

of m grati ngshbuldeebhasbeet BhBodigRnd itef foruhiicHsed tIEOR0aR1oh\eee tided ¢! GeatFor
exanpl e, BMPs can be used for protein-induced norphogenesis of

subst ant i alanyariigilarrcarilpgadateat pise; wuclf as14 dwnAgl defpefrorienlosteeghandid Befpct, 0057]
As anot her ’6%1?13'&@%11 %F(E’aal%?tﬂ% S Qe Bts Hﬁﬁgﬁ @+ sﬂﬂ%‘fﬁ d%%Q% dﬁ&%ﬁ@%ﬁéﬁas To

date, the urfpred e response o pu p tissue ry 1s a basic
clinical osteoarthritis or rheumatoid arthritis, or due to injury of the joint.

20  Formulations
[0060] Biologic agents, and especially BMPs, of the present invention can be
formulated for administration to a mammal, preferably a human, in need thereof as part
of a pharmaceutical composition. In certain embodiments, the biologic agent can be
administered in or with an appropriate carrier or bulking agent including, but not

25  limited to, biocompatible oil such as sesame oil, hyaluronic acid, cyclodextrins, lactose,
raffinose, mannitol, carboxy methyl cellulose, thermo or chemo-responsive gels,
sucrose acetate isobutyrate. The skilled artisan would understand that a bulking agent
or carrier can facilitate the delivery of the condensed dosage forms of the biologic
agents disclosed herein wherein the dosage volumes include, but are not limited to,

30  volumes of 20ul or less, for example. In a particularly preferred embodiment of the
present invention, a bulking agent can be used in conjunction with a biologic agent of
the present invention that is substantially insoluble at physiological pH, to increase the

dissolution of the biologic agent such that the bulking agent acts classically as a carrier
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problemin dentistry. As yet another exanple, BMPs can induce regenerative
effects on central nervous system (CNS) repair can be assessed using a rat
brai n st aworowal939410058] In the case of skeletal disordecs/usaomoedies of
factors can cause or contribute to cartil age degeneration in mammal s,
including trayma and infl ammatory di sease. Da to cells resulting from
the ef f ect stO_aﬁﬂe%SﬁP?%ﬁPa?lagv alga%tpilﬁgéﬂﬁagor%g@ﬁgﬁ Y PrdeEy! aebadiaeniatliSe of
reduced Carﬁiblbgﬂ%géﬁ{%Bl\meré_lf?l_%%tl%? rF&@kdd érﬁ‘l&ﬁiiﬁlb'rﬁcéf'ﬂ%brbiyﬁ’t geasesh of the
joints (e.g., rhedmatoid arthritis {RA) and osteoarthritis (QA)). In

addi ti on, avngriseamBMI Heasksos aehpasgng rshaesccpiclmaldy exldlossmtdsiass ( SLE)

and scl eroder can al.so b acter.h ze degr adat i on connecti ve
fhasue o1 PR SOl o S B AR F Lo G BB M sRES

ost eoar tshr it {sSwittdthe dkileinBe hamd %‘i@ﬁéeﬂﬁé afodémertid@cMehbRdinRaisR@tf articul ar
cartilage into the pathol ogical process are currently unknown. Each of

t he for egoinigseat iEeroy, sawclbes anfadtallwarignts ppdmedifigationsdféhapicesnital s and
met hods of ;Lh iBfﬁt?a‘?!Eﬁe §kﬂ¥e%%yi§21ﬂ'w uﬁ’@?e%%;ﬁé? §%@{d§%ft§@tﬁ$e‘ $olin to'%‘ﬁl{"vp
e e y at

. [~
forrrulatlonsglft i nvention can be use ectrve to tr Skel et al

di seases orbidblogidragess.in Fdo. exanpl e, the BMP formul ati ons of the invention
can be used to treat _a disease or .injury resulting in cartila(g;]a degradati on

. . . 19 } :
or a carti|l88@!ldef 88Y furthserthabioloeaepranbp BiF PESSPRItBYCPEPR & B adBBSICTRR ot her
fi brocapt |1 galdakfek) fened oialiithagichd G188y Ralib PR AhofE: GnlERiscus.
The fornul ations of the invention can al so be useé to treat a defect or
degener at i dmoeh tahbvecabarcficat tff¢chge tisas m@phdgentdis.i Bxqouded sfrsadh PCT
application WO 05/ 1 15438,. such. the cartilage ljnin f a joint, such as
o eynovi al HBHCE (SR bekofs S OKAERIC A ER BT Rt bt ot Rstroueissuf n
anot her e PR repdlieatioRralloR AN inPhmhRSioh NESBALPRE o PR AHIB el Tdreat an
articular cartilage defect site, such as a chondral defect or an

ost eochondrstimudigingdione tigsug grovthtin oSaeporabic indMiduals fortexbmple, tefudebst @ran be
the result of.a.disease pracess,. such as osteoarthritis, or rheunmatoid

e thesovs, F IR ES Sl D CRR R e R PSR B B ol ogt <
agents, andie@@rﬁ@tﬁh@inleyesﬁb/? an@f | GFAEorIGEFSBNUsE Y esthbtort foancrbetif«ae myaat ed for
adm nistration to a mammal, preferably a human, in need thereof as part of
a phar maceutnidegenegipnsit inghide. byt eeernoa limitedivn dicrisrarawth faetors Etbeyi @eg’éent

car, ¢ 26T BB LA, St 0G0 GERLSRS LR LG L BHLKLD0 e
hyal ur oni c aacikeptics, atibiddyd, bhtvdral had iiengal agents, analgesics and anesthetics.

20  [0062] As will be appreciated by those skilled in the art, the concentration of the
compounds described in a therapeutic composition will vary depending upon a number
of factors, including without limitation the dosage of the drug to be administered and
the chemical characteristics (e.g., hydrophobicity) of the compounds employed. The
preferred dosage is likely to depend on variables including, but not limited to, the type

25  and extent of a disease, tissue loss or defect, the overall health status of the particular
patient, the relative biological efficacy of the compound selected, the formulation of the
compound, and the presence and types of excipients in the formulation. The therapeutic
molecules of the present invention may be provided to an individual where typical
doses range from about 10 ng/kg to about 1 g/kg of body weight per day; with a

30  preferred dose range being from about 0.1 mg/kg to 100 mg/kg of body weight, and
with a more particularly preferred dosage range of 10-1000 pg/dose. The skilled

clinician would appreciate that the effective doses of the present invention can be

modified in light of numerous factors including, but not limited to, the indication, the
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raf fi nose, mannitol, carboxy nethyl cellulose, therno or cheno-responsive

gel s, sucrose acetate isobutyrate. The skilled artisan woul d understand

that a buwRizog/@mgemt or carrier can facilitate the del i wyerysedlooka24

condensed dosage fornms of the biologic agents disclosed herein wherein the
i nclude,. but are not |imted t or |ess,
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pH, to i ncreddeaforementioswl fattoon of t he biol ogi ¢ agent such that the bul ki ng
agent acts sic carri rto se of. the bi c,a In a
ST mor o [BOFST o PlstorRlo BeaRibt i ndiniREshs Bt abbite A SHGeRE TS avp-

A current| Mn%n(ﬁbﬁrth@dveﬁfébﬂfﬂjr BBt bRflodibagdht @HEPE cdMOBBY.| QY SR Fatd BVP
formul ati on conpri sing trehal ose, &geferably trehal ose in a | acate buffer,

most pr ef eraadloyterMet availabikitymfthebiolsgiclentirom et fatraulatrmeandicrigngobed shal ose.
| h
o, S AR AR SRR A, o

modi fi cati ans b rettélﬁlOld[f?ﬁlgmIgeﬁtnNSEﬂiflthlélhats ah&lﬁcaslkablld g¢nBrahd sten woul d
recogni ze provide effective dosing of the biologic agent in vivo. [0061]
Still furt Hepcenifgtons Bdddnds %&ﬁmoabswwlﬁmé%m iplegErfeFYn can be

admnlsi er thR hda ‘Edlta I ] ation
W th angt hgrﬂés bsta%ce E ?\}vrg] %é ESaP/ L}c;crl ene |ci£tg]lab%f %@%gonnﬂ)étqllng%ggd{b

nmor phogeneshaagExmnplead rdfasswd bidahs agamd: esd (heetiebihty afof metriaris whichcit isde

Wi t hout Iinitatlg’ substances that .pronote tissue repair .and regfneration

and/ or i nhigHEnalhEqoRfAGd: oihe raie ARy Iing HeeiE RN UNCTERE & Ford POt mul at i ng

bone ti 55U@eﬁﬁ&vﬁe@eﬁ&n?%cﬁpﬂﬁgh%lr&oﬂtﬁgira‘fé A¥aifPing a@ént%‘c%%r@ted iighude but
are not limted to, vitamn D3, calcitonin, prostaglandins, parathyroid

hor none, denatnst Kaﬂswn@lasesum@geweawd org@hid CO@IPOIu@'SﬂhBt argsetable of act or s f or
nerve ti.ssue r alr &% g}gener |on o n |n | ude % ar e éﬁfyllmtted to,
nerve glﬁowtsﬁ‘% %958“ PRLPE LB MCE HELER G E AT HRIARHS P THREIYHIS WP Bt i ng
cofactors, dnfelsddis ?uablhtgi mO@Fictsl afid 1 &~hing,agaiis | GeRdrhIGEshed UdeRisQld &dors
antiviral and antifungal agents, anal gesics and anesthetics. [0062] As will

be appr eci af@eproydtangdacakonylisdicids, dinks aad polyplepolnetbeit rontionis syffagtiets,
conpounds %&fﬁ&&e%ﬁﬂa{c@d 5&?&5%‘?{3%&1& C\%%Q@ﬁftetolllgn Wihd ivarydepending upon a

nunber of f e dosage f the dr rug to

be adm ni steeneshtationg df@uclh egﬁntsakntmh alicomheixi cah ir@ge (@ agounthipdo GpRaldici ty) of

the corrpou ndlatlvenPo tﬁe total vg-quht of the matrix, preferably up to 30 wt % and more preferably
up to 15 wt %. Generally, these rate modifying agents, leaching agents, plasticizers and
pliability modifiers and their application are described in U.S. Pat. No's. 5,702,716 and
5,447,725, the disclosures of which are incorporated herein by reference with the
proviso that the polymers to be used are biocompatible and/or biodegradable. The

25  skilled artisan would appreciate that the present invention comprises any and all agents
within the art that can increase the solubilization rate of the biologic agent or the
degradation rate or erosion rate of any carrier for the biologic agent. Hence, other
agents amenable to the practice of the present invention include, but are not limited to,
co-localized pH modifying agents and tonicity modifiers. In a particularly preferred

30  embodiment, the composition of the present invention comprises a co-localized pH
modifying agent or tonicity modifier provided in a concentration or quantity that

substantially increases the solubilization rate of the biologic agent. In another preferred

embodiment, the composition of the present invention comprises a co-localized pH
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preferred dosage is likely to depend on variabl es including, but not
limted to, the type and extent of a disease, tissue |oss or defect, the
overal | heeal2otv/msatius of the particular patient, the relrarivseoibioziiegi cal

ef fi cacy of the conmpound sel ected, the formul ation of the conpound, and the
presence and &Eﬁes of exciﬁients.'n the fornul ation,. The theriﬁeutic

mol ecul es dROFThdNHRgabAk OP{GlE MAddier gV tied 19 adPneRdration ghayasdiXaual wher e

typical dosgssth@n@§ oot eohBa e & Jrer@RAUhtcdofIhkearRlr. PRAXIWRHINt per
day; with a preferifed dose range being fromabout 0.1 ng/kg to 100 ny/ kg of

body wei ghtartissndvonild mpraceiate ¢hap dratratcuhedifyynpagshts; leechig sgaps, pngeza$, 10- 1000

/ dose. The. skilled.clinjci | d iate that the effectjve d f
the. pr esent FRURHPRGHREnAEROREARY et A PR Saroflimefug midbbre ~ o °
i ncl udi g, iRkdntidRtcah bebiRbtuERl, nlodfiddNeirkatih Afturd sieRatddlaasly, af opidiAddsease,

and the physical characteristics of the individual. It is also clearly
wi t hi n t he iBRiqW of ppndieusgiagtorsp inglydjng, hpdndtyimited toghe Aesited deleass ritp, the ew of

any or all f i ongd - rs Puyr;suant e paraneters
ana condi ¢ ge® B R GRETR Ah O B AFL R el ey B A est, Smb B BET T G
t he bi ol ogiphysigainthagarribécsednlia i@bivedhal.| n particul ar, the rate and extent of
availability of the bialogic agent froma fornulation can be controlled by
vari ati on dPO®YopeFeinadatighsof ologie agrts ofjthisdreniign py) JBeT inglyde apgior

nmol ecul@r i . i fyi ¥ i cizers and
Ieachat}?e gg%%? %mg%é’?st. E\ﬁé(a@l(g%%teo‘r?\te % |efcl)ér%§&g%é§glﬁ%otglﬂ%efe[{t de?? hlggfasti c pol yner
and bi ol ogiRhaagamrtiticd] BR6pjenRapeblmwhdd fopithgbyathe Mrsgriqah Rbbincdczeticl and

| eachabl e agent.s.can i.ncl uded. t o, manage the rat.e af rel ease of  biologic
agent and CRSOHRHGIbIY By PBYTHCricn SORHY RO FEHS. BStPGARI R et al ned.
The rate ”%hﬂlé@zé&gn FYEALKIERAnd B FREPhulEbA Qldtﬂ'lﬁrrﬁ@éeﬁti&jl c&%@ﬁﬁ@qs
dependi ng upon the nature of the rate nodifying agent incorporated into a

mat ri x. Knorthqgprassnk giveetiian iasludelbut ats not Gamicd ta; empoymgsigthiatsuah es, aéticabl e

for secq@ndar eudobondi ng i n pol yner .sys are acceptable as rate
o £ ying. st R s R R Ry NS P Re R R e RR bR et <.
General |y tHy@shRgRNCR, Mafic @5t ehisiOfcidrphesphdiic akid, difiteBpiRphdricacasi ds,

di ol s and pol%ql s, polyethers, non-ionic surfactants, fatty acids, fatty
aci d est er ssulfori¢ scid.ferarasacid géqonp) dengiurants, speh ashdenafqueum prezosisnaht at i ons

o S4eh, OGNS R TRCAL, ST BIAS DRI 6y BBy o011 21V
pref erabl y sofutioa, dibmwhiuth cabesiataalleyhanblhese:, ddtepropdofayring pageditua, | eachi ng
agents ’20p| %%tciirocgicfe? rsosdi{filrgfllc‘ibicaurbonate, sodium borate, sodium carbonate, sodium hydroxide,
trolamine; antifoaming agents, such as, dimethicone, simethicone; antimicrobial
preservatives, such as, benzalkonium chloride, benzalkonium chloride solution,
benzelthonium chloride, benzoic acid, benzyl alcohol, butylparaben, cetylpyridinium
chloride, chlorobutanol, chlorocresol, cresol, dehydroacetic acid, ethylparaben,
25  methylparaben, methylparaben sodium, phenol, phenylethyl alcohol, phenylmercuric
acetate, phenylmercuric nitrate, potassium benzoate, potassium sorbate, propylparaben,
propylparaben sodium, sodium benzoate, sodium dehydroacetate, sodium propionate,
sorbic acid, thimerosal, thymol; antioxidants, such as, ascorbic acid, acorbyl palmitate,
butylated hydroxyanisole, butylated hydroxytoluene, hypophosphorous acid,
30  monothioglycerol, propyl gallate, sodium formaldehyde sulfoxylate, sodium
metabisulfite, sodium thiosulfate, sulfur dioxide, tocopherol, tocopherols excipients;

buffering agents, such as, acetic acid, ammonium carbonate, ammonium phosphate,

boric acid, citric acid, lactic acid, phosphoric acid, potassium citrate, potassium
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pliability nodifiers and their application are described in U S. Pat. No's.
5,702,716 and 5,447,725, the disclosures of which are incorporated herein
by ref er enoeow/mB94the provi so that the polyners to be u®eu/tsee0/024124
bi oconpati bl e and/ or bi odegradable. The skilled artisan would appreciate

i hvention conprises any and ents within the art that

that the prese | |
can incr easfgetﬁﬂwgl&wmw% sphafemgpobapis, %ﬁ&%gg LGyt TbriEe

degr adat i on,HRALElaLfateEloRRoANHALE s&flurﬁ Po§Rhlel ﬁlﬁné&rsw B8k Pl RPhAe;agent .
Hence, other agents amenable to the practice of the present ihnhvention

i ncl ude, buthclatiag agintd, smhteedecte@ate disediomatthyledepinimetiitagietg aaigemt salésad

tonicity nodifier In a ar | referred i ment he ¢ 03|t|on
of 'the. br esohte faifsselinEBhnmibed sotiubh FRBAPFSBTRRAGE Yo logS afeiR
toni city mMgilfiloss adty pletBslaicNetBylcOMASRE gaﬁm@ﬁbh@ﬁnm@w% Mzd, m9ﬂroxypropyl
subst anti al lﬁ increases the solubilization rate of the biologic agent. In
]

anot her pr Bl @ﬁ%mprﬂﬁmmeﬁm]@d@dﬁmbYdfPéYpf@lﬁylthéhBﬂﬁﬁéh@w phihalatt.i on

o concent r A1y i o g B e AR B poleob PRl ibicbL B AhaPEE, on 1"

rate or er gsiloiate,ahellawf sichesccttaniuar dioXide, cﬁhlalub@dxaﬁ,rmm&wysmnmbdvaapmﬁm ate
that the rate nodifying agents, |eaching agents, plasticizers, pliability

nodi fiers, G9Hoeh %ﬁ ﬁga@@b fieds yeliom Bleski Qribigpdsfaia axide; gpmplssingragst
i nventijgn Cs%gh he eﬁﬂz?e%%& %Hlﬁ&%tra'a?&lcfdcﬁﬁandvs%ﬁé gﬂ?”rlg) %aétw é’clcP Oﬁt@ﬁ“&?&& ration,

and optim ze virew of nunerous factors Iimted to,
t he desi re(tthambhmaaée loayqumolhm snéfuter; @dcsficantsesuchras i cetcu(mfchbmy&,, catdmem

i ndi cation, y O di se t he hys characteristics
o pat oyl G R T S e s Ras SO o G ey B s A, < mvent | on
can furt herchbl%@rﬂe%tﬂedlé‘t'ﬂgncﬁémﬁfé |5 J@Pf&) %!3%@1‘3@ mo%&ﬁ@&%h@slaﬁ&n%l%lﬂﬂﬁné&thﬁf €
descri bed in the Handbook har maceuti cal Excipients, published jointly

by the Amermesn a@hér—gbzc@mesoabnm@@olaanm)@dﬂmdt)t¢1@10|3h1@1r(ﬁé1@e¢1b iodssll Soci ety

Che 1 orur aoB Lol flh Rt bl PO AR A R oSS . b B Bl ent Fom

i ncl ude, byoly@x§l mhydrbﬁﬂnta%d chGor @@lp@l;fo»eynm @lgﬁlrﬁtﬁer I&Hﬁd&kﬁao caesthgl aci d,
glacial acetic acid, citric acid, fumaric acid, ib&roc oric acid, di | ut ed

hydr ochl or iathecpadyoxyhf) stcarsted polyparbite 28chadysopbrse i drol xsoeeted )0, aplyserbate
orosphor ¢ el LUELEBELS: AL A et SRR, "
al kal i zi ng sad®nt stcarstecdoribisan rﬁbﬂdmgatammmmsmddhéat@ Rorbagiraivnupalsaatzpnat e,
di et haI}OI angornbelfancrirllolnso(s)t%arlr% eagtgallr?cnglcq 'tro a(,)l’;[ll?lg selnlljur{]mfymg wax; filtering aids, such as,
powdered cellulose, purified siliceous earth; glidants and/or anticaking agents, such as,
calcium silicate, magnesium silicate, colloidal silicon dioxide, talc; humectants, such
as, glycerin, hexylene glycol, propylene glycol, sorbitol; plasticizers, such as, castor oil,
diacetylated monoglycerides, diethyl phthalate, glycerin, mono- and di-acetylated
25  monoglycerides, polyethylene glycol, propylene glycol, triacetin, triethyl citrate;
polymer membranes, such as, cellulose acetate; solvents, such as, acetone, acetic acid,
alcohol, diluted alcohol, amylene hydrate, benzyl benzoate, butyl alcohol, carbon
tetrachloride, chloroform, corn oil, cottonseed oil, ethyl acetate, glycerin, hexylene
glycol, isopropyl alcohol, methyl alcohol, methylene chloride, methyl isobutyl ketone,
30  mineral oil, peanut oil, polyethylene glycol, propylene carbonate, propylene glycol,
sesame oil, water for injection, sterile water for injection, sterile water for irrigation,

purified water; sorbents, such as, powdered cellulose, charcoal, purified siliceous earth,

and carbon dioxide sorbents; stiffening agents, such as, hydrogenated castor oil,
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hydr oxi de, sodi um bi carbonate, sodi um borate, sodi um carbonate, sodium

hydr oxi de, trolam ne; antifoam ng agents, such as, dinethicone,

si met hi come;20emBwicr obi al preservatives, such as, benzaChrarscanmogtiRori de,

benzal koni um chl ori de sol ution, benzelthonium chloride, benzoic acid,
ridiniumchloride, chl or}gbut anol

benzyl al cohol raben yl
chl or ocr esdict Ost?ﬁlafiaiycoﬁ@ %@i}@i et%esft%rs WK AT St g fin RISt SRS ben.

net hyl par ahgg; %@llswnylran%ﬁ@ﬂ emBREMAETALY hatk %tz%uomgsylsﬁ@ﬂeﬁ%g%n%@t ate,
phenyl mercuri Cc nitrat’e, potassium béenzoate, potassium sorbate,

pr opyl par abewosqusr Umydagag abens,sodi @srmca@cad hgan Penioai® alwudimmonostearate,

dehyd ta t d |, thynol
ant ) oxt dant EnogiErpuit BeRBpr G Rale At bt o, bt yl &t o0

hydr oxygni &Qf%xrﬂl@ﬂ&l(%ﬂ@l@s@&ﬂélwEé}bé@ﬁ@ethﬁb’dlﬁlm&@%ﬁmﬁﬁpUS aci d, _
nonot hi ogl ycer o pro gal l ate, sodium fornal dehyde sul foxyl ate, sodi um

met abi sul flqaévoxwathymli/ql\%@f@edmmb? C@Imgeanarunb&rp@éfstaﬂ@@@pﬁer ol , tocopherols

ex0|p|ents, n nat e,
oont o pisaRL SR CAIBOL SoaifiH ey Aosc. BERED Gl oudd TTRY h%@g%%%%ﬂ. ¢ acid,
pot assi um cietlulat€ hy@@&@p@p;dlmmhbsé]Q@ﬁfb&&propphhé&ﬂcﬂl%lpﬁgﬁm@ﬁé@mnobas| c,
sodi um acetate, sodiumcitrate, sodium/l actate solution, di baS| ¢ sodi um

phosphat e, ahgRMESYicas el fﬂ%@wﬁeneétmmbreawlw axgsnpalyviaybploghol. edet at e
di sodi Li'(fl %@?gﬁ@?ﬂ%ﬁ%ﬁﬁ%ﬁ%@%ﬁ% 1&8 'i‘&% §3ﬂcﬁ?a}1 ﬁfé‘éﬁ Hfox@R! hdigRat i ng

agents, ose acet ate,
cel | ul ose at@hat aragatdmalh, atethae gyt a:r&iWaﬂtlogend/gemémblhzmglagﬂfmsasmﬂascal gl aze,

eyl el | BRI S RIS, HrBHHBH gl IRt BT RO CHER 8y PRUPFE oo,

pol yet hyl engqghy ¢8hoxyael Q'WioﬂMchn%@ ¢ AcRophb Al BloRemeN BblyB&yl BUGLRSSIl,
titani um di oxi dé, carnauba wax, m crocystal 'ine wax, zéin® colors, such as,

caramel, r emblyoyiefl # @y diviganitedeastsir ofldpolyded 50 (steelsartq;leolyo@yﬂpIIOeolﬁyi@ﬂwg,e nts,

gonti o8 acty Sy Rahararas! CBRS Ghivhsltire ety aRl Sl bun SR hon e,

cal ci um chllysdehatccay, ‘f)bly@bt%b!ﬂef&@t Sodih |ldlﬁﬂrsuﬁht@x$cﬂ&tanaﬁbﬂcﬂmfr¥dt8@oﬂﬁﬁlﬁor
sol ubi l'i zi ng agents, such as, acacia, chol esterol, diethanolam ne

(adj unct ), moneekel, serbies meappalmitalcasosbitan monasteeraic. tylexdnohi n, mono- and
di - gl yceri des, nonoet hanol am ne (adjunct), oleic acid (adj unct), ol eyl

al cohol (st oxaner, polyoxyethylene 50 stearate, polyoxyl 35
caster oil &E%%til%%&a%%?*ydrogenat ed castor oil, polyoxyl 10 ol eyl ether,

pol yoxyl 2(q06&ijost &ac plesatt erentipnohigoxyitcdplags Ehioattée qoedgesBl Hat ear?i:;
pol ys Or2Bat eco4a%mlglsteresdovrv1l%€t[h% b?gloglg%lgg S‘[%rogl%tos%tlons of the present invention include,
but are not limited to, anabolic agents, antacids, anti-asthmatic agents, anti-
cholesterolemic and anti-lipid agents, anti-coagulants, anti-convulsants, anti-diarrheals,
anti-emetics, anti-infective agents including, for example, antibacterial and
antimicrobial agents, anti-inflammatory agents, anti-manic agents, antimetabolite
25  agents, anti-nauseants, anti-neoplastic agents, anti- bone resorption agents, anti-obesity
agents, anti-pyretic and analgesic agents, anti-spasmodic agents, anti-thrombotic
agents, anti-tussive agents, anti-uricemic agents, anti-anginal agents, antihistamines,
appetite suppressants, biologicals, cerebral dilators, coronary dilators, bronchodilators,
cytotoxic agents, decongestants, diuretics, diagnostic agents, erythropoietic agents,
30  expectorants, gastrointestinal sedatives, hyperglycemic agents, hypnotics,

hypoglycemic agents, immunomodulating agents, ion exchange resins, laxatives,

mineral supplements, mucolytic agents, neuromuscular drugs, peripheral vasodilators,
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80, propylene glycol diacetate, propylene glycol nonostearate, sodium

| auryl sulfate, sodium stearate, sorbitan nonol aurate, soritan nonool eate,
sor bi t an wonopalosd4tiat e, sorbitan nonostearate, stearic &CiraiS2aokard ne,
emul sifying wax; filtering aids, such as, powdered cellul ose, purified
siliceous earth; 8Iida ts and/or anticakin aggents, such as, cal cjium

silicate, rASYPROLiORIFSsICAMBEE MUt tpEPIdant apERhPIhasaRts. HssPeeromifrect ant s,

such as, ghﬁﬁﬁ%hﬁmhﬂﬁékk%ﬂﬁ\Qkﬁﬁ&ior&ﬁ@@ﬂk%ﬂﬁm&h¥00|, sorbitol;
pl astici zers, such as, castor oil, diacetylated nonoglycerides, diethyl

pht hal at e, [§0§Her i Moraparticulariy, the bmaetivel cat aintypnd girgd tor icdedmipstratenhy | ene

gl ycol, propylene glycol,  tri.aceti triethyl citrate: pol. r menbranes,
Suth as, "ceptuodetayaRuimgiondgiiish Pu I ped g, fifien EITE aci d.

al cohol 5 digowsaethatie@htowtRmBekEBhohyigh@t BispRBpEHatdRe#ERA ooty facrg Ohol
carbon tetrachloride, chloroform corn oil, cottonseed oil, ethyl acetate,

gl ycerin, Hexirpaadogihpeglextpmeihouivn hadiobirsride.meseapincarabeapentanstciiidtene
chlori de, né%i ledi'ar?&%&ﬁ?’o'c?f&%&i&r&%’lo éﬁ?{aﬂﬂlineoﬁl%ﬂ’eatgg@{yd}ndgfn:ine tQR{a eet hyl ene
gl ycol , propyl'ene carbonate, propytene glycol, sesane oil, water for

i nj ection, Bfiddrine middaed, dboylaminesatdinge, phegylidlexandhecithrl phdnflepaiinon,
purified water; sorbents, such as, powdered. cellul ose, charcoal, purified

si li ceous dwdiashlosidg. RhsppprPranelemine yukesbinride. pyendecphedrincdydrchlordgcn as,
hydr oggpat 0 ko . v yl esters
A I I e S R T

enul si f yi nghokxtryrahiince Nagoetyl yretdioamidaxgcesus pephah g paimd ibmprofen, phenyl

vi scosity-increasin nt§, .such..as, acaci a, ar, alginic acid, alumnum
Tonoat ean atlESPIRRITINT FETOHTII EeTOR ORGSR
934p, car baxypmsdy b&?ﬁidek‘,megg&&! Bt Sa hRAREIRITN BRIk i as fedadi UM

car boxynet hycel | ul ose so carrageenan, mcrocrystalline and
car boxymet hytdaeidsudnslsecsioeh. Udtheretepresersetvedasdctive co-gadrds that cagumrcogum

hyd thyl, cel] ul hydr oxypr opyl .cel hyd |
met ny1 g1 | BEE et EL A SR vamo2  Fde b e e R ) B g
pol yet hyl engoeii dgs, Bedenvititnk nddt&@hglanti@an] AeinafecBvORhenRcIhycol al gi nate,

silicon dioxide, colloidal silicon dioxide, sodiumalginate, tragacanth,
xant han gurintibietcantinggoipldiesntssuttiyipl, potitegteaigle antéparasifet aatsfungdnzal koni um
chl ori de, ' ' - i di ni ri.de., docusate sodi um
nonoxynol 3@8%%%%§§%%§h§@%8%%ﬂ§Q§§§%M%?%%%ﬁ%xaﬁgﬁﬁﬂ%gr%%§§ﬁ 35 castor oil

pol yoxyl 4Qicctnpdstagieniatpadtiasastemidadahti-igftinyaxigty &H@nst aai-eiotinepidsyoxyl 10
ol eyl ether, polyoxyl 20, cetostearyl ether, polyoxyl 40 stearate,
pol ysorZQat éygm?thﬁmlvgwbéqdétlwg miotics, psychic energizers, tranquilizers, vaccines,

estrogens, progestational agents, humoral agents, prostaglandins, analgesics,
antispasmodics, antimalarials, antihistamines, cardioactive agents, nonsteroidal anti-
inflammatory agents, antiparkinsonian agents, antihypertensive agents, .beta.-
adrenergic blocking agents, nutritional agents, and the benzophenanthridine alkaloids.
25  The bioactive co-agent may further be a substance capable of acting as a stimulant,
sedative, hypnotic, analgesic, anticonvulsant, and the like.
[0068] The bioactive co-agent may also be a substance, or metabolic precursor
thereof, which is capable of promoting growth and survival of cells and tissues, or
augmenting the activity of functioning cells, as for example, blood cells, neurons,
30  muscle, bone marrow, bone cells and tissues, and the like. For example, bioactive co-
agents that may be co-administered include without limitation a nerve growth
promoting substance, as for example, a ganglioside, phosphatidylserine, a nerve growth

factor, brain-derived neurotrophic factor. The bioactive co-agent may also be a growth
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pol ysorbate 60, polysorbate 80, sodiumlauryl sulfate, sorbitan

nonol aur eate, sorbitan nonool eate, sorbitan nonopal mtate, sorbitan
nonost earsiveginopbatapol . Bi oactive Co-agents [0066] ThePpTAmsen®/op412€nti on
al so conterrpl ates "bi oactive co-agents” that can be co-admi nistered with

t he bi ol ogi ¢ sitions of the sent n |nclud but are
not |im teofa‘EtB Oéﬁ%ttﬁBFPgm&@é?ﬁ@C“ HSSHS Oraﬁ%t“i”nl’ ﬁﬁ%&t at:‘* ggaly Ector,

anti chol esta%ré% RPhgl ?B@ﬂ?ﬁ&ﬂor ah@n@otﬁgl%ﬂfc%ll ?H%thf&‘ﬁ@r?h‘b?a‘f@l@t 'derived growth
anti-convul sants, I-diarrheals, anti-enmetics, anti-infective agents

i ncl udi ng, fhdor, @nartﬂuhe—hkargmvtiacfa@on,alpelawtbn@aitlugﬁm@mtabllgtowgémtet, to name
anti-infl ang?t ?r‘g agents, anti-manic agents, antinetabolite agents,

anti - nauseant &, %anti - neopl asti ¢ agents, anti- bone resorption agents,
anti-obgsity agents, anti-pyretic andianaleesi ¢ agents, anti-spasnodic

agents, anti-thr onbotl C agents, anti-tussive agents, anti-uricem c agents,
ant i - angi nal. Mgumaky- inyesive s ytericrisl Ve%ﬂﬁ&mém@ﬂgsant s, biol ogicals,
cerebral dilator ent}p?g,%oe%g)eq;ve S B?WP%QPChgé:” | at ors, cytotoxic agents,
decongestants, diuretics i C agen eryt hropoi eti c agents,

expectorants, ggajr 0|R1att6$1tdym@d) IS%&Irth%lonbﬁpﬁllxghmaml@ata@@ﬁiséandl%)noti cs,

hypogl ycem ¢ i nmunonodul at | n? gent S, 1on exchange resi ns
| axat i ves, n]géiaéllbﬂétﬁaﬁl’“éﬁﬁﬂ%dym vt Aemusered Intrygnaiisiodicar ugs,

peri phqlbal ihatR ka&%%&ﬂﬂfa%&ﬁlu%%at@?&?“ ves, stinulants, thyroid and
anti-thyroid agents, | ssue growth agents, uterine relaxants, vitamns, or
anti geni c rnaéeR]i al ghe P65 o%metmmdscmhamMemammmdbiemd:dnsagent )

ot 11t ed TH ol e i AP, Ve BrykEakaet Dapihes rampred
hor mones, Bjis RRARPIGARLGaraBkds PO AGRRGSIit: fidk o9 Sho/ IS APEL flonphan,

dext r onet hor phan hydr obrom de, noscapi ne, carbetapentane citrate,
chl ophedi arol mlggrdL selution prie) cqhl welpme ] mdpiofid0 md‘ﬂdattc@te/%%EmhﬁtMWbm@er

tartrat ne X e sucgci nat phe oxam
citratdS pifnel STRRRHERAE S et PuE R B S s s TR S B ST
pseudoephedbi AR achinvaitiBMERhadb IS b&@d%kp@umm ALpe28 efglei ne
sul fate norphine, m neral supplenents, chol estyram ne,
N-acetyl pr dgvétnﬁapﬁrm@alsa@ét a\rﬁhwé%l@hassggmﬁnt qf clmwabtlms(ehod}pwelﬁpts CBC,
propanol am r f | I oxi de,
magnesi um h;% g@)g]?erg%%% %ggsé%%ﬁ& gg%etlg‘ﬂ? eefglsr%ote leg“peg%m n?ga%:{?(é
hor nones, |d&t@mﬁ@rtﬁ@smoamtdflannﬂ\/IPéVmim%a@les nes. Ot her representati ve

bi oactive co-agents that can be coadm ni st ered
20 [0070(1 No chn}cal Sgns altere(? gody weights, CBC, serum chemistry, organ

weights, macroscopic or microscopic findings were considered to be associated with IV
administration of BMP-7. At necropsy, all organs appeared within the range of normal.
The catheter of one treatment animal was clogged, and this animal had high numbers of
WBC s, indicating possible bacterial contamination of the catheter.

25  [0071] Under the conditions of this study, a MTD was not achieved; the animals
tolerated well 10 mg/kg of BMP-7. This was the MFD (maximum feasible dose) based
on the BMP-7 solutions tested.

(b)  Rat Study No. 2: A 28-Day Safety Evaluation of Intravenously
Administered BMP-7 in Sprague-Dawley Rats
30 [0072] The purpose of this study was to assess the effects of 1 mg/kg BMP-7
administered intravenously (IV) via jugular catheters to female Sprague-Dawley (SD)
rats. Five female SD rats were injected 6 times IV with 1 mg/kg BMP-7 via a jugular

vein catheter over the course of 10 days. Five control female SD rats were injected
28



with the present invention include, but are not |limted to, peptide drugs,
protein drugs, desensitizing materials, antigens, anti-infective agents
such as awODi2bioodB®s, antim crobial agents, antiviral, amCirhseeienpaby
antiparasitic, antifungal substances and conbi nation thereof,

antial |l ergenj.cs,

.andro I ¢ steroids, decongestants, hypnotics, steroidal
anti-inf | antih @S?fg}gla@elﬂf’lg/,% ES 9%%5@44_@%- et Wﬁfﬁ&%@ﬁydrﬁgf Phasgesi8dat i ves,
motics, PSYGRaCsiSNEsPFo2ahe aftbl AR 2&S Qini¥ASEhIfRre REd RY&ASted with
progestational agents, hunoral agents, prostaglandi ns, anal gesics,

ant i spasnodiVcaimiamwtratned e BMIPs] oravehidlé. sThand \hedminsstnatibmatBMPe7 agent s,

nonsteroidal anti,inflamato agents, antiparkinsonj an agents,

Aot hyper ¢ ahefpthod SER 8FH-RAEE Bire At RO SRR Dgent . nutri ¢ ona
agents, sandoyysy bemaenARRADbIVMoREcA iRl tRhtdFactith Of HedaGhdD e gemt My
further be a substance capable of acting as a stinulant, sedative,
hypnotic, dneingesireduce at plovingiel thapdvergrmdfectidynisdlly. aspayirss] witheysigrigct i ve
co- agent nquﬁhgqug% 3 pYypst ance, or nmet abol i ¢ precursor thereof, which is
capabl e of pronﬁ}ingggro h and survival of cells and tissues, or
augnenting the activity of functioning cells, as for exanple, blood cells,
neurons, nmuSeine/ Voang Dadtveovf BdOE ie€ladiss and ti ssues, and the |ike. For

exanpl e, bioactive coagents that be co-adm ni stered include w.thout
limtation a ner®: gridWmRaGokBIHE p{%ﬁ%aﬁgwﬁ% dmyaisegd lagrayggpusly o Cats.

gangl i qgi dqoopf)oSpPiaL #ﬁ?b%fi AR sty WRISME cOIIOME Bnyf 8GR of BURLN- deri ved

neur ot rophi'c factor. bi oactive co-agent nay ‘al so be a growt hfactor for
soft or fi dousisteomdidcvih venttal senoes agtheteor (ireplantet arascaldr iabreshp@st intpraowt h

ot a1 of bt TS0 roreh Aol s Rt 1 Beotinmin el mgE ° 2

per i odont alBNiPOAGRAE Rbbk B FrTvdeRS bR theh @ dﬂgfﬁgBWJ%nﬁ@g weeknet 2s 1.
M nimal | y-i nvasi ve system c delivery of an exenplary BMP Central Venous

Del i very ofw®kpiatlaweddyrlonetks BMP-Rence seudgeiNgr 21veckit €ptyiweae ¢aduagdd Maxi mum

Tol er at,ed se. and 28- Feasibility Toxicit. of -7 Adm. ni stered
[t r avdoudy e S EaRr Al SRRt rbshu s Elish Bt OaGraptiord L
[ 0069] The AbpheaBirerhlingd slirichilywasmhthetRighowd thestadyrrad admd Kgeret ed dose
(MID) of the exenplary BMP, BMP-7. Four fenale Sprague-Daw ey rats were
dosed evidence of any adverse effects; no signs of any vascular irrifation or inflammation

(including no signs of any bone or cartilage formation) were observed in any cat over

the course of the study. Under the conditions of this study, administration of up to 2

20 mg/kg BMP-7 IV via central venous catheter in male cats has no adverse findings.

Central Venous Delivery of BMP-7 in Monkeys
(a) BMP-7 Intravenous Toxicity Study in Cynomolgus Monkeys

[0075] The objective of this study was to determine the potential toxicity of BMP-7

after 14 every-other-day intravenous (IV) injections over 4 weeks in male and female
25  cynomolgus monkeys and to assess recovery of potential effects after a 2-week

recovery period. This study consisted of 5 groups each with 3 male and 3 female

cynomolgus monkeys (main study) and an additional 2 male and 2 female cynomolgus

monkeys in Groups 1 and 4 to assess recovery. All animals were injected via a central

venous catheter with a vascular access port. Group 1 was injected with control article
30  (vehicle, 5 mM lactose/9% trehalose), Group 2 with 0.1 mg/kg SF BMP-7, Group 3

with 0.3 mg/kg SF BMP-7, Group 4 with 1 mg/kg SF BMP-7, and Group 5 was

intended to receive 0.3 mg/kg 37C BMP-7. Toxicity was evaluated by monitoring
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via jugul ar vein vascul ar access ports (VAPs) with either 10 ng/ kg of BMP-7
(n=2) as a 1ng/nL solution or an equal volune ( 1 nm.) of 10 MM

Lact at e/ 9v@retvaloeose buffer (n=2) 5 days a week for 4 week3/usosiom24104 al of
20 doses in 28 days Bl ood was col |l ected for analysis of serumanti-BWP-7

anti bodi es before qur nd a ay. 28 after dosi.ng. Ani Is re
eval uat ed ByNHEse H?nso Wﬁ’ighh?oéi PREUMBIAY P&)é% Qjﬂf‘%d 0 Eér%&ﬁn
chem stry, &%’i&ﬁ%ﬂs b@H'Fte%{&?d%uﬁé@'rgéﬁr%toé% m&%@ﬂtﬁéo ?é"'a| yzed to

deterni ne the anount of” anti-BMP-7 anti bodi es. [0070] K@ clinical signs,
al tered bodyeotergtiograp@B(:C6e), and cllnamlwﬁlplogmpgeamm ¢BBE's, avagulatsmopi ¢ or

m croscopl c findi ngs, wer ere oci at ed

T ot oo p e Sty 3nd A TSR nt ST SR R SR st R ange
of normal . JhrRagat beliLnc0f one treatnent ani mal was cl ogged, and this

ani mal had hl_?h nunbers of WBC s, indicating possible bacterial

cont am nat i[8876)f t Ra Rayt henisnals fn0BPEp Sueerived BMPCH R dpwref approximatelst udy, a

MID was not t 7. This
was t he I\/Fd %%%ﬁl\r{rsﬁ%dfoeﬁa@\ld%e ods%8§8 géeoggg%vﬁhimé%ﬁm Eglf&%td |f§11r\1@ t est ed.
(b) Rat St uGhpupls. anﬂrnalé\aﬂ&-lmfyﬁ Sai efieyanvals wakr¢ emoykd fiobht av@nousl! y

Adm ni stered BMP-7_in rague- Dawl ey Rats [0072] The purpose of this study
was to assdf8®7tlhe o 537 —belated glnig obppyationg e ghanees Bbaditragintead y (1)
via jugul ar ghﬂ& r e SD
rats wgpe |Cr?jﬁect e{ & 5?@%{%1%‘@1&&&{1%{6%? %\ag?l\/%“éé%lger géSFE%}u ar {/g%g?\)h

cat heter oveesstureECGusy aeliofcall fatbicdysy pzﬁfametemmm@lbsdreahl EheSBimsatssd foer e
injectedwith vehicle anly LV 6 times over % ) AEII mal s were assessed
for - changesTHHeEN P by GHBIEHEH GrRraNGIuFTBF T2 EPIeBIR D 1 | i cal

signs were dipt@doris faghat adotthiol ol ARTHRIdASfIPOL, BIP-7 or vehicle. The
|V adm ni strati on of was assocl at ed no Si gns of tOXICIty inrats

and was wel[P0T8| er Angudals froged itk (Grohp2a %bé(‘apuaﬁ),@né (Gomfpi 4)m t hat
t f t | | m te th
Daver sdSer rReRE ey b SEANP 20 YGeBhE ARG e S R R B ng & Bve.

Central Venggsviedds\vefinddis BMPwérd donGiabRd tewicdtoatmpoakinm@ifiCordli@fdalig of
BMP-7 Admi nistered Intravenously to Cats. [0074] The purpose of this study

was to evalrasventgamparet adthscogfro als (Group 1). Under the conditions of this study,
the no observed adverse effect level (NOAEL) and the no-observed effect level

(NOEL) were determined to be in excess of the highest dose tested (1 mg/kg BMP-7)

20  for male and female cynomolgus monkeys.

2. Minimally-invasive systemic delivery of an exemplary BMP

Central venous delivery of BMP-7 in a primate
(a) Primate Study No. 1
[0079] Three each of female and male Cynomolgus monkeys (Macaca fascicularis)
25  were surgically instrumented with a vascular access port through which BMP-7 was

administered and delivered according to the following protocol:

Primate Study 1
Dose Dose Dose
Group Level Conc. Volume Dosing Necropsy
No. N (mg/kg/day) (mg/mL) (mL/kg) Regimen™ Day
1 6 0 0 1.0 Once every Day 28
other day from

2 0.1 1.0 0.1 Days 1 to 27

3 0.3 0.3

4 1.0 1.0
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adm nistered IV via central venous catheters (inplanted vascul ar access
ports into a vein) on cats. Ten adult mal e donestic short hair cats were
adm ni st eweco/@39y/ kg BMP-7 once per week for four weelsTtamsdomwhen24 ng/ kg
BMP-7 once per week for 2 weeks followed by 2 ng/kg BMP-7 once per week for
2 weeks. e by i-cal—gbservations—physiea

exan nat i o nical pathology. and body weights Al lof the chts

remai ned cl'i nbeakldpounomimaler. tdamaughoutpridve: iudyniaind had no signs or

evi dence of aRyesKifywr swd Bief glepigerd ign WrgTge Gfingyiysirascul ar irritation or

i nfl ammati o i.ncl udi ng no signs, of any bone or cartjlage formation) were
obser ved idﬂa@_ cgﬁﬁj éF“%gagB?}F%?dd? hckiaits RS a@Hb%‘E’QIFH%S EOAH| ons. of
this StUdywmﬁQﬁhQH%ﬁﬁé&kOOnQEW@R,hﬁj&nygékﬂmﬁMEﬁ%dhﬂ&ﬁkﬁe§&ﬂk5@ﬁﬁMenOUS

catheter in nale cats has no adverse findings. Central Venous Delivery of
BWP-7 i 8 Mmkwyjegy(@/pluBvpa Fothmiacsnseopod lyTadi rgictosc@tically. i n Cynonol gus Monkeys

[ 0075] The pecti of this study was .determ ne.t.he potential, toxicity
ot b v DEET Mhsfisott B BT ehPR S RirBS e i e B G i ek
in nmal e anchfienwdng cayd)ABbEUSNIFBINLE ) eaftdGubjectd SERS& diff MR d@fgnRerent i al
effects after a 2-week recovery ﬁgflod. Thi's study consi sted of 5 groups

each with 3mphnéatign@fs cheomid iedwyhiogonteayssawicathster. iehisseaithgy centiol aer
addi tional g, s%m%ﬂg sﬁo&ﬁfﬁhﬁle%ﬁ&@iu%ﬁ%s HBREEYSE bbf %ﬁ%ﬁ’én. 1A%8,"B@h-°
assess recovery. animals weré injected via a central verious ‘catheter

W t h a 19ascllr@ite PadRes showtd nésigupofllovaled RSl igdtaiibi Whewadmhpdrednvithc| e
(vehicle, 5 MM | actose/9% trehal ose), Goup 2 with 0.1 ng/E% SF BWP- 7,
Group 3 wi taenpolsubiseisy T8ps.ghviss Aatacopfipn thappysemic pgmigjstapioppp2a BMBAY G oup 5
was i ntend 5 W& POLKG 5 bnv AL Maked by
nDnitoringgﬁfﬁﬁﬁéﬁgﬁgsefggéfons?£%§§§%€%%%h?¥ 42%%%%?%%@%%%?%%%, physi cal
and opht halcwologionalexethbdsaifispstsmidoediyctyarfpeB™MPur es, respiratory rates,

i ndi rect blood pressure, electrocardi ography (ECGs), and clinical pathol ogy
paranmeters (CBCs,, coaggul at i er,um chem stry, and urinalysis), and
necropsy with orgin Fﬁ%?bggﬁaiﬁﬁcroscopic eval uation of tissues. [0076]
On Day 13, g008®! s Epn Rulterft C9HoBYMBu modked (#R2E aprLAR Bt y 1
ng/ kg instgédgﬁf Bhggg%at a gbse‘pggo.s my/ kg. Bgéing %ﬁ%ssuspeﬁded for the
G oup 5 anisgierlafingrunDayedsyitiapeliliandased vasewanaseess perrnd dathetorihsousdy .

][ 8857] No BB shvip-348H 18l Gk A RRE WUREL SN ésccgfdiﬁ:ght%QHee ?olfo@vil?gog%tové%lzght :

A a a¥a

Primate Study 2
Phase No. | Group No. N Biologic Dosage Dose Dosage Dosing Last Day
Agent Level Concentration Volume Regimen of Test
(mg/kg/day) (mg/ml) (ml/kg)
I 1 2 BMP-7 1.0 1.0 1.0 Once daily 15
Days 1-14
I 2 2 BMP-7 1.0 1.0 1.0 Once every 28
other day
Days 1-27
1I 3 2 BMP-7 0.5 1.0 0.5 Once daily 15
Days 1-14
I 4 2 BMP-7 0.5 1.0 0.5 Once every 28
other day
Days 1-27

[0083] As described in the study protocols, BMP-7 will be administered via the

20  wvascular access port for 14 (daily) or 27 (every other day) days. BMP-7 administration
will be preceded and followed by a 3 ml flush of 10 mM lactate, 9% trehalose solution
through the catheter. BMP-7 will be administered at approximately the same time each
day. Blood samples will be collected from a peripheral vessel and tested for various
hematological, chemical, antibody and toxicokinetic parameters. Upon completion of

25  the study, animals will be sacrificed and a complete gross necropsy conducted
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[0086]

BMP-7 will be administered by introducing the prescribed volume to the

port opening over about a 30 minute dosing period. As described in the study

protocols, BMP-7 will be administered via the vascular access port for 28 (daily) days.

BMP-7 administration will be preceded and followed by a 3 ml flush of 10 mM lactate,

9% trehalose solution through the catheter. BMP-7 will be administered at

approximately the same time each day. Blood samples will be collected from a

peripheral vessel and tested for various hematological, chemical, antibody and

toxicokinetic parameters. Upon completion of the study, animals will be sacrificed and

a complete gross necropsy conducted including examination of various external and

internal tissues and organs, further including the sites of administration and delivery.

[0087]

In brief, analysis of blood samples will confirm biologically significant

levels of BMP-7 were present and sufficient to induce BMP-7 circulating antibodies.

In brief, post-mortem analysis will confirm no adverse effects of systemic BMP-7

administration in accordance with the present invention. Thus, this study will

demonstrate that minimally-invasive systemic delivery of an exemplary BMP can be
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(b) Primate Study No. 2 [0082] Eight young adult nmale Cynonol gus nonkeys
(Macacafascicularis) will be surgically instrunented with an iliac-based
vascul ar wocers9pmt and cat heter through which BMP-7 wPClr/useolasedind st er ed
and delivered according to the following protocol: Primate Stud 2 [0083] As

described in the. tgd. Erotocg%s, BMP- 7 mjlg bg adninisteredaiia t he

vascul ar ac?&%%fgp‘b%‘P UFIBY a ASCUYARPSASS BFuchre, aEPY PHPHEIS FHS$ Nad s eifp- 7
admi ni st r atg- QM WithBet Rve&eded capagsfollowed by a 3 m flush of 10 nM

| actate, 9% trehal ose solution through the catheter. BMP-7 will be
adm ni stered at approximately the sane tinme each day. Blood sanmples wll be
col | ect ed fXohhesaneatic pbasrfat mynimaly-invadive susterdict detiveryrdfanexpmpiarn BV wal |
chem cal , %pthggdy and toxicokinetic paranmeters. Upon conpletion of the

st udy, ani mat==wi i | be sacrificed and a conpl ete gross necropsy
conduct gdi ncl udi(apg ex@grkdpiosan of various external and internal tissues and

organs, further including the sites of adm nistration and delivery. [0084]
In brief, dA888lsi sAgforylaben of hwprpatignts wighmeeHpsdsliBigrldipgupsisiodni f i cant

| evel s of egg%ﬁél%%viﬁ%gﬁﬁ&ﬁniﬁ&%d%%fs% 8%(?61-3?%@/@%%51\@\-’? oheEHEGH Bhlang

ant i bodi es. rref, post-nortem anal ysi's w I'rmno adverse effects
of system aceBivity/loadtad natkéteriniaocortdicacddr taneehods bfitHelpeeseneiaeattionneint i on
Thus, this study will denonstrate that mnipally -invasive sysienic

del i very ofexawt@@ﬁb%uaﬁﬁrewn&yﬁ?a@ ‘e\]@@&%ﬁﬁ%‘ﬁéé" aéﬁaﬁalcaﬁwge [caRt access
structuygpe, &hsf shyec ReLEY Lidid9 t@igned system c treatment w thout adverse
side effects. (c) Prinmat Stugéaao. 3 [0085] Four young adult male

Cynonol gus nonkeys (Macacafascicularis) are surgically instrunmented with an
i liac-based vasdb) ar Meebd/s BaretDisendecat het er t hrough which BVWP-7 is

adm ni ster d delivered agcording.to the folld ow,n rot.ocol: Rrimate
oty 5 CooefIE, AR AR on e R PRichB iy bRk M RACHRERS s ole [ heq
vol une to thealictboRpankig vaude adh@mbteftd 3ot BEID.61.305].5/8g BEBMIET ofse
described in the study protocols, BMP-7 will be adm nistered via the

vascul ar act®@kly yapceptllydgeqterhedthoterdapecorgmoe withdhe Aicthodaef &a pigsent be
d I | 0% )
precedqq a'lﬂvén?lﬁhf#eﬁg (e:)gq’eﬁf%d%hi{‘sg{ﬂpéféf%% val@erﬂ%heﬂg h{%tcﬁseagﬁ %):ar ERkesR

sol ution throug eter. adm ni stere
significant extent in the treated patient population.

(©) Fibrosis Including Hepatic, Pulmonary, Cardiac and Renal
Manifestations
[0090] Populations of human patients with a confirmed clinical diagnosis of
20  fibrosis including each of hepatic, pulmonary, cardiac and renal fibrosis will be
administered a dose of 0.01-3.0 ug/kg of BMP-7 once weekly via a centrally located
catheter in accordance with the methods of the present invention. It is expected that
such treatment will modulate the disease in each treated population to a statistically

significant extent.

25 (d)  Nerve and Spinal Cord Injuries
[0091] Populations of human patients with a confirmed clinical diagnosis of each of
nerve and spinal cord injury will be administered a dose of 0.01-3.0 pug/kg of BMP-7
once weekly via a centrally located catheter in accordance with the methods of the
present invention. It is expected that such treatment will modulate the disease in each

30  treated population to a statistically significant.
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approximately the same tine each day. Bl ood sanples will be collected from
a peripheral vessel and tested for various hematol ogi cal, chem cal,

ant i body woaotooeseaki neti c parameters. Upon conpl eti on @CTiuseo1soedy4
animals will be sacrificed and a conpl ete gross necropsy conducted

i ncludi ng exam nation_of various external and internal tissues and organs,
further includid§ t he! @Y desadyni ni stration and delivery. [0087] In

bri ef . analygsn of ApRhiBABPhaSabidenBADH & iRl AGRRL Ko Sl kaAR

| evel s of BMP-7 were present and sufficient to induce BMP-7 circul ating

ant i bodi es.métastins will badninwtaredadessail P13 Qivglkead VP orge adeklysea ef f ect s

of system c BMP: 7 adm nistration i.n accqrdanc ith.the present.inyention.
Thus, St hi s cortal WP ffundiut e GF R oF i age PaCES Shiohr
delivery ofcxpéctex@apdiRhYreBMRnE 3l BRAGEATRE HEBA td/8 kfabstRalASEHl fRhn@ACcCeSsS
structure, thereby permtting sustained systemc treatnent w thout adverse
si de ef f ectatengin thpdiegipe patient pepatiadr mi ni mal | y-i nvasi ve systemc delivery
of an exenplary BMP in humans: (a) Osteoporosis [0088] A popul ation of
human patients with a confirnmed clinggal diagnosis of osteoporosis will be
adm ni stered a dose of 0.01-3.0 ngy/ @%‘L@k@-? once weekly via a centrally
| ocat ed cat[f@93r | Thaoseonti@anoey e tinbddied medthadpeafic férenspridsantepantitent i on.
It is expected that . such treatnment will nodul ate the di sease to a

stat i sti callfSm 1gwirtioE sHendscBRiacieHs4dherpiatldlg PEEMEHRDYIYBEtS on.  (b)

Met aboljipC  BROerdlt #ERS@nbALRRLIIARARUARL AR ResBictIUNRE s@ipkio? McSinWedifdnd
confirmed clinical diagnosis of netabolic bone disease will be adm nistered
a dose of Gedp-iBddatey bk gheofppBdRdZlams eathergkityby tha faregeing dasdriptibocati @t
catheter in,accor ar]fe witﬂt met hods (?f thef%{e%int igy[/encii.on. It is
expect ed t HAFEHMET QRGRHPIOT MopyRarad engnal eududaiey of the dyapitt i cal 1y
si gni fi cantih&@¥tROintdidcd bebd &mBhes dateient popul ation. (c) Fibrosis

I ncl udi ng Hepatic, Pulnmonary, Cardiac and Renal Manifestations [0090]

Popul ati ons of human patients with a confirmed clinical diagnosis of
fibrosis including each of hepatic, pulnonary, cardiac and renal fibrosis
wll be adm nistered a dose of 0.01-3.0 ng/ kg of BMP-7 once weekly via a
centrally | ocated
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catheter in accordance with the nethods of the present invention. It is
expected that such treatnent will nodul ate the disease in each treated
popul at i omOt20102093w4at i stically significant extent. (d) Necrasamd/osgesal Cord
I njuries [0091] Popul ations of human patients with a confirned clinical

di agnosi s o\g] I’:lCh of nerve and spinal cord injury will be admnistered a
dose of 0.0%¢84%ny/ kg of BMP-7 once weekly via a centrally |ocat ed
catheter in accordance with the nethods of the present invention. is
expect ed thlat sutmethodafigatingd discass dup hrteent e syteraisaldy attm@sﬁéqtmtgraéatned
popul ati on f )

popul ati on %@pﬂﬁc&%é Ito:tééﬁtdsé’aﬂaﬁie%f‘ln I%:egﬁﬁerrénogdthgw ca(1[0 %gf (S)ﬂsl% %@@ﬁ lrt unor
netastasis wll atdmlmdtmmg ditedvoad nmr;ilmgenﬂtc Boin 8.tBe pgidngatcnth ddhPaigtraiome

weekly via a centrally | ocated cathet in_accordance wth the methods of
t he preéentmpwemsawar TS TULEG i RThHE B0 MOFOEHAIETEI 1S rodul at e t he
di sease to fi$Lal4 'téﬂl'e‘i)ﬁhédf a§!1 géﬁtlfa'm}%@ate%)ﬁeﬁ%ry stte ‘irh@tetpﬁﬁéﬁted pati ent

popul ati on. Equi val ent's 093] The invention fay be enbodi ed in other
specific forns w thout de arting fromthe spirit or essential

characteri $ics Th?éﬂ@b‘bd 0 ¢1empt yeher compodingdhe sicpobimmatiopara@seware

consi dered | Ielus{) & & 4 entr npt..r es%rl é:stln 2 atte scope of the invention
bei ng i ndi Farey® rk} W pf) nded"CFaf T ratlhe? ¥h4n by the foregoing
description, and all changes whi ch come within the nmeaning and range of
equi val encys.of tTe méthodref dhign 2 hetietianie cantranetadud socbs ierhrtac pgutaher ei n. W
claim 1. A nethod of treating a disease in a patient by systemcally

admi ni d0er iYL Shpuhelaiisp YRBg BRSHPEI MeberaY ALY tg Fardien-n” need t her eof
the nethod conprising the step of: adm nistering the bone nor phogenetic
protein to £he Peitd fithobr @finPHIT rShARL | ABISH dBeXisfuBuiAs G¥bAfa 3EARSS
structure, wherein the bone norp hogenetic protein is delivered to the

pati ent at cathcembor edritnal vowas edrtdel i very site in the patient. 2. The nethod
of claiml, further conprising the step of inplanting a vascul ar access

hod of cl ai
2. whorein the cahparodERgHn EREEEn I WM PR T pesdfrT i ne.

subcl avi an vei n, the superior vena cava ,or the fenoral vein.

6. The method of claim 5, wherein the vascular access structure is a PICC line.
5 7. The method of claim 1, wherein the administration site is centrally located.
8. The method of claim 1, wherein the bone morphogenetic protein is BMP-7.
9. The method of claim 1, wherein the delivery site is substantially edema free and

substantially non-perturbed.

10.  The method of claim 1, wherein the vascular access structure is substantially

20  healed in place prior to administration of the bone morphogenetic protein.

11. A method of treatment of an injured or diseased tissue, the method comprising
the step of:
providing to an administration site a composition comprising a biologic agent
and a vascular access structure,
25 whereupon the biologic agent is delivered at a delivery site in an amount

effective to treat the injured or diseased tissue.

12. The method of claim 11, wherein the biologic agent is BMP-7.
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4. The nmethod of claim 1, wherein the vascul ar access structure is a
central venous catheter or central venous port. 5. The nmethod of claiml,
wher ei n twe 2atviosd4gt rati on site i s peripheral. 6. The meCha2ab/oed1aé m 5,
wherein the vascul ar access structure is a PICC |ine. 7. The nethod of

claim1l1, wherein the admpistratiqn site is .centrally .located. 8. .Th
method of oiai m He W@?@Pﬂclwﬁﬁidﬁ@%F&ﬂ?&@f@ﬁé&rﬁt&onpﬁ%tl%mmqt%gew % The
met hod of clegi &y b tMERLR dobge del ivery site is substantially edema free
and substantially non-perturbed. 10. The nethod of claim 1, wherein the

vascul ar access structure is substantially healed in place prior to
admi ni st ratliden ofhetrnethedakclawr phodenan ihe qeligewyisie is1a nonaperethistad sivd. t r eat ment
of an injured or diseased tissue, the nethod conprising the step of:

providing tg an Ao, g sy 59&151%{‘1?%@%&%9%%25&% HE%aEﬁ{Q% L SL g @i ol ogi ¢
agent and avascular access structure, Wher upgn the 'biol"ogi ¢ agent is
delivered at a delivery site in an anount effective to treat the injured or
di seased tilssue.Thtnethbkonhdbinotll,afhecdiaitia dilninisation ditetihe prigdleediste.agent i s
BMP-7.13. The nethod of claim1l, wherein the adm nistration site is renote

froma site of live of the biqglogic¢c agent. 14. The nethod of claim 11,
whorern tha el | Taybg 6 cing1 Pofhadh ftiRRhisuiitn Siggs b SHmAEthod of ¢l 8} m

14, wherein the non-peripheral site is a central site. 16. The method of

claim 11, wereiTheth&hed 6T dlhist | BtiIRRciS kicthibBgR A8kt ARFRL afd fa® oflaboutlhe
met hod of claim 11, wherein the admnistration site is a central site. 18.
The met hod loml/aiimppamdelivgfyer ei n t he bi ol ogi ¢ agent di sperses at a rate of
about 1 m/mn upon delivery. 19. The nethod of claim 11, wherein the

vascul ar a%@ess.ﬁ{erﬁghéﬁ ?’félﬁinﬁg%{réﬁé t}ﬁeﬁ%%@a&a%&{kﬁ%&ﬁeﬁg%gg?w&aﬁm hod of

claim11, éreint Ivery ntia ree. 21. The
met hod 10f cleaoum chdhetatherein the delivery site is substantially unperturbed.
22. The nmethod of claim 11, wherein non-vascul ar tissue at, near or

' n li.ver ' i ially fr f bi ol 0gj
? g{ ?g\?vi }[,]gt . Id\e/ lilp_erngthos& toF CI!dI%I ﬂ’l,l%v te?eq}l Itﬁae Ae)(lveryes?te ?s sul?)lst(e)mt?ﬁ{yced% gpf{ree.
21.  The method of claim 11, wherein the delivery site is substantially unperturbed.

22. The method of claim 11, wherein non-vascular tissue at, near or adjacent the

delivery site is substantially free of biologic agent following delivery.

15 23.  The method of claim 11, wherein the injured or diseased tissue is a non-

mineralized tissue.
24.  The method of claim 11, wherein the injured or discased tissue is an organ.

25.  The method of claim 11, wherein said biologic agent is bioavailable for at least

about 2 hours.

20  26. The method of claim 11, wherein said effective amount is about 100 to about

300 micrograms of biologic agent.

27. A composition suitable for ameliorating an injury or disease, the composition
comprising:
a biologic agent; and,

25 a vascular access structure,
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23. The nmethod of claim 11, wherein the injured or diseased tissue is a
nonm neral i zed tissue. 24. The nethod of claim1l, wherein the injured or
di seased woswd9Bsitan organ. 25. The nethod of cl ai m 11pCrRiuseeion2aas d

bi ol ogi ¢ agent is bioavailable for at |east about 2 hours. 26. The nethod
of claim 11, wherein said effective armugftg LS aboui. 100 to. about. 300

mi cr ogr anms WICHP ROYPOSAGRL 1S Fyan s HEP IR ABGTIPH & ABKY ah@StasFat i ng
an injury or disease, the conposition conprising: a biologic agent; and, a
vascul ar acgess B déaipdsBioMdeERIM 2f7,h$hé?biﬁ|t9c9bi610%‘&,&%nti§ prdteidRccdqpunt _
effective to aneliorate an injury or disease. 28. e conposition of claim
27, wherein the biologic agent is protei nhaceous. 29 The conposition of

cl ai m 28, wfer eithetaeanepigpngf élaagégiwlil@ela the biiolagiq 4eegbis ganiaipglbt wilyble 30.
The conposi tri)t%ﬁ of claim 29, wherein the biologic agent is substantially

i nsol ubl e dt physi ol ogi cal pH. 31. The conposition of claim 30, wherein the
bi ol ogic agent is a nenber of the TG-b superfamly of proteins. 32. The
conposi i orB0of CTtai donipbsitivh ef eliaim 2Hewlhdreinalk biokhgirigensis sebseattiatly f r om t he
group consi,sti@ﬁ of BMP-2, lfi -4, BMP-5, BWMP-6, BWMP-7, GDF-5, GDF-6 GDF-7,
MP-52 and dBilidieat Ryl BH- any one of the foregoing. 33. The
conposition of claim31l, wherein the biologic agent is selected fromthe
group consigti ngrifcoBiSsition BV 3%%éeip%bi@log%eﬁt i@@q?évﬁjbé%-f 4. The

conposition of claim 31, wherein the biologic agent is selected fromthe

group consikeF-Rgupériaapiy &f prapmss and GDF-7. 35. The conposition of claim
31, wherein the biologic agent is BMP-7. 36. The conposition of claim 31,

wher ei n t he,,bi ol-Qqi Nt - er . of - subfam,| he TGF-Db
super f ami 1y ot oG BrfieSily ool aE Bherth b0 BisRYG L ATl ot ere
bi ol 0gi10 aggsiip tchsBtifg 6f BMP-DaBMPg, BM P Sa8MRBOBMPSDGRAI N GG GiHequence
identity with a nenber of the BMP subfamly ]
P-52 and sequence variants of any one of the foregoing.
33.  The composition of claim 31, wherein the biologic agent is selected from the

group consisting of BMP-2, BMP-7, GDF-5, GDF-6, GDF-7 and MP-52.

34.  The composition of claim 31, wherein the biologic agent is selected from the

15  group consisting of GDF-5, GDF-6 and GDF-7.
35.  The composition of claim 31, wherein the biologic agent is BMP-7.

36.  The composition of claim 31, wherein the biologic agent is a member of the

BMP subfamily of the TGF- superfamily of proteins.

37.  The composition of claim 36, wherein the biologic agent is a protein having at
20  least about 50% amino acid sequence identity with a member of the BMP subfamily

within the conserved C-terminal cysteine-rich domain.

38.  The composition of claim 30, wherein the biologic agent is a protein which is

not a member of the TGF-B superfamily of proteins.

39.  The composition of claim 27, wherein the biologic agent is in an amount

25  effective to ameliorate skeletal tissue injury or disease selected from the group
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within the conserved C-term nal cysteine-rich domain. 38. The conposition
of claim30, wherein the biologic agent is a protein which is not a nenber
of the TGWORomupawfiam |y of proteins. 39. The conpositi eaTafS2ebazsnL7,
wherein the biologic agent is in an anount effective to aneliorate skel et al
tissue injury .or di easeq?elect d fronfthe roug a ga met abo] i c
bone di seas@MSigétgfarpeipialicdons SISeRsErRHPRLN isediongly S&r&elafl% Al tis,

OSteOpOf05h§mnP§Q%&m§oﬁk§eﬂﬁ£tsﬁﬁé&@q&ﬂ%u&hﬁm éﬁﬂwﬂﬁﬁégﬂﬁgﬁnes's 40. The
conposition of claim27, wherein the biologic agent Is In an amount

effective to aneliorate non-mneralized skeletal tissue injury or disease
sel ected frddmt Hﬂlegnoeupsmn of sltalmé70f'her@19tﬂe¢)blptqgm agest is s prevvhordr aI

di sease, tLaunn
et | One R R PR RO M i A PR E SRR B

degener at i ahe g@fubic6i@ngGdr bitb@Gthritig] dbtdoeBoraingl dﬂde&@@&l@cﬁ}drefl tdilldeagehl ckness
cartil age defects, superficial cartllage def ects, Fis guelae of systemc

| upus eryt HBpwp@eidsitheigs feuaw-iprlucsd|aad sflanmatiqiein rregilagy deggreration,
regenerati qjy ré‘l%{eﬁ'c%f%%t gg%e?éfgn UL &icQfay &aﬂﬁﬁg ﬁr?é%fa%h $e§§e§ fuffegenerative

di seases of “the interv oSt eoco SIS Injuries and
di seases oﬁhkkgsgemmﬂ%&eMﬂmm mgmﬁhmﬂahﬁﬁqp&h&&m &ymeMeafgm&mmcaqmsand
meni scal tissues. 41. Th ion of c¢laim27, wherein he bi ol ogi

agent is irf el&ﬂ@ﬁfﬁ’tseé‘f‘ %ﬁ‘c‘% ¥ r‘? HAgIcTigraf el ttsﬁ‘é%liﬁ’éelfeﬁftl;ﬂny <Biagen fr om
the grqup GOPSIESS iR tebial éﬁé@b@é@ﬁ%ﬁ%é‘ﬂgeés@@, Bﬂﬁ@%tb&@rtéﬂ}gl%ﬁd cartilage

degeneration, articular cartilage injuries, full thickness cartil age
defects, supwotomiredis,ead irjinagendelissescs of hgaméray tendpnashon tah tagrselcof

i ntervertebral .dj scs ePeratl n of intervertebral discs due to an
injury(s), SEAAV'{ ﬂ@P@Eeg? CYSHE AU -endon, synovi al capsul e, synovi al
menbr ane and neni scal tissues. 42. The conposition of claim27, wherein the

bi ol ogi ¢ agant iThd ddnPpdsiAGRENEIaBh DRCkhEinttRe &Erﬁfgf@arg@helslumwammﬁ di sease of
a tissue selected fromthe group consisting of: liver disease, liver

r esecti on, qf%pfawef@tmlorqtemwe dgasiectcd Hroom the areumgonsisingel, raaw r al
t |
NEervous 5 Sy%&g@ee 3 ﬁfﬁaﬂm?toh dg@fflgd cHg egg%%gg%ragﬁﬁ &’Iflfn'ﬁgyéa‘%ﬁagar s, SPI na

cord injur I enci nor ma I es, i nson's
di sease, ophtl Inlablme@s cirSlegs écfeas Wuperfis tartitge de&busnladmiaﬁm :liﬂd’l@lptlﬁfﬂdf

ul cerative dlseases of the gastrointestinal tract. 43. gsLtfon of
clai m 27, RBFETRbRhESE, 613%?@?@“9@eﬁtntqrgelfqbraéﬁhsaﬁﬁwo an mJury(s) and mjuries

of ligament, tendon, synovial capsule, synovial membrane and meniscal tissues.

42.  The composition of claim 27, wherein the biologic agent is in an amount

20  effective to ameliorate injury or disease of a tissue selected from the group consisting
of: liver disease, liver resection, hepatectomy, renal disease, chronic renal failure,
central nervous system ischemia or trauma, neuropathy, motor neuron injury, spinal
cord injury, dendritic cell deficiencies and abnormalities, Parkinson’s disease,
ophthalmic disease, ocular scarring, retinal scarring, and ulcerative diseases of the

25  gastrointestinal tract.

43.  The composition of claim 27, wherein the biologic agent is in an amount
effective to ameliorate injury or disease of a tissue selected from the group consisting
of: chronic and acute kidney disease, atherosclerosis, pulmonary fibrosis, cardiac
fibrosis, renal fibrosis, obesity, diabetes, cancer, ocular scarring, liver fibrosis,

30  inflammatory disorders and nervous system disorders.
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effective to aneliorate injury or disease of a tissue selected fromthe
group consisting of: chronic and acute kidney di sease, atherosclerosis,

pul nonar ywoi2broo®sstl cardi ac fibrosis, renal fibrosis, olpesiusgoiodeabetes,
cancer, ocular scarring, liver fibrosis, inflamatory disorders and nervous
system di so der 44. The conposition of cl 7, wherei.n the bIO|OgIC
agent is inan S SOmRr R OF 9@@3%%@%@?@? ARSI YPLERGEOf g

m ner al i Zed:fRE(i t@%e%fh% i ﬁr?%?' disb&R ¢ a nﬁﬁeram% &qm&hfnb&mlz@& ti&hdl m 27,
wherein the vascul ar access ructure is selected fromthe group consisting

of : central venous catheter, central venous |line, subcutaneous port, open
port, art erdSovendesonipssitipa of sl@méﬁwb@emah@ ﬂ@cmlachr:@mmuptyr@ts seleetadt ur al | y
simlar i gurations an one the f 2goi.n onbi Qns of any
one ot ho P s hEP ConsBlE b R hR RO SO ZRRTRE bEh B

i ncl usi gn igert B?erﬁ@m@ﬁbtﬁd)@ﬂo@@f figthla] Mudtliresthbving ﬁlﬁétfﬂﬁhﬂir bosireturhliypl ogi ¢
agent suitable use with the method of claimi1l, 48. A conp05|t|on

sui t abl e f cimBFIONEewRioR tagny apeplthe forgpeipasad compiiatipayef aywngpbicc agent
sel ected frg Rghﬁg group consisting of: a nenber of the TG--b superfam |y of
pr ot ei ns, r of the BMP subfamly of the TGF-b superfamly of

pr ot ei ns, and a protein having at |east about 50% am no aci d sequence
identity wi4th a Anforberdatoh of helBWP agand fatmbleyfonirtchisiont ihehcomsmsited of- t er m nal
cysteine-rkgh?ﬁgﬁain; and, a vascul ar access structure selected fromthe
group consi% a central venous catheter, a central venous line, a
subcut aneous port, and structures having functionally or structurally

si m | arpconf7 gur Rtk eidatioRT SldegivAEHR kitab® fbr RLOW AP AS86d of Sain1 AN anount
effective to aneliorate an injury or disease. 49. A nethod of treatnent of

an injured or diseased tissue, the nmethod conprising the step of:
adni ni st er 4%y t oA SPMBRRiIQT %]Jtltlah ifeianggl toéatalgc%lriﬁb‘ﬁi’ 121 ﬁeaé%ﬁ?mpféﬁlﬁ@ a biologic

SOEDT, 206, 1 0B A LT A LAY oPLUR NS OPROEY) o
unconpr om s@ferfamily of proteins, a rnernber of the BMP subfamily of the TGF-83 superfamily of
proteins, and a protein having at least about 50% amino acid sequence identity with a
15  member of the BMP subfamily within the conserved C-terminal cysteine-rich domain;
and,
a vascular access structure selected from the group consisting of: a central
venous catheter, a central venous line, a subcutancous port, and structures having
functionally or structurally similar configurations thereto;

20 wherein said biologic agent is in an amount effective to ameliorate an injury or

disease.

49. A method of treatment of an injured or diseased tissue, the method comprising
the step of:
administering to an administration site a composition comprising a biologic
25  agent, and
delivering to an intravascular delivery site the composition such that intima
tissue integrity at the delivery site is substantially uncompromised
whereupon the biologic agent disperses from the delivery site at a rate and in an

amount effective to treat the injured or diseased tissue.
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wher eupon the biol ogic agent disperses fromthe delivery site at a rate and
in an anount effective to treat the injured or diseased tissue.50. The

met hod ofwol2aiomod®x1 wherein the adm nistration site andprPChasdabiordey site
are the sanme. 51. The nethod of claim49, wherein the delivery site is
venul ar - val ve-free. of. ¢l ai m.49, wherein the ersal rate
is about 13%/ni %@EOdl'ﬂgﬁ?ﬂﬁf %@&q@re%%m@wﬁm%ﬁsﬁaﬁ lier@? St&ri ng
step i s accRopll Sgll%d usi ng an intravascul ar apparatus having a d| stal end
with a non-daneging configuration. 54. A kit for use in systenmically

adm ni stering a bone norphogenetic protein to a patient in need thereof
conpr i si ng:5la bofe mehpholdniet #3 wiheotieithe, dedineryzity asculutu-vabedss. st ruct ure.
55. The kit of claim 54, further conprising instructions for systenically
admi ni steri g t e 6. The kit of
cl ai m 55, er elhlen Qﬁ%ﬁ?(gé’ érigc ?%ﬁiﬂe?edﬂ Cﬁépl%rst ?Eaté%]ﬁ Bﬁé{tl I?L/gmgascul ar
access structure be inplanted in the patient so as to permt central

del i ver ¥ of53sai drm‘ﬁhmbbdflﬁigemwﬂmrmoﬁﬂiertieﬁi@eﬁﬁag' depataceshplishéd usihg kit of
claim 54, wherein the bone hog etic protein is BWVMP-7. 58. The kit of
ol ai m 54 \RAPEFHSEH APRVALE v RESal e e h i BTG 9 fieuRB s
catheter. 59. The kit of claim54, wherein the bone norphogenetic protein

i s providedsg n ay GATHOREH %t&l‘ﬁ@ﬂw ﬁﬂals%rﬁglat%ab%l&ﬂﬁ{g@ﬁ&wrb&ﬁi toGArrier.
60. A kit for use in systemcally adm ni stering a bone norphogenetic
protein to ratipetin @eed tharenbeamprivérgzof conprising: a bone norphogeneti c
protein; and instructi ons fort t@em cally adm nistering the bone

nmor phogeneti c prol?éll 8¢ ﬁgebcagm a a centrally | ocated vascul ar

access 19t r uct ur & vascular access structure.

55.  The kit of claim 54, further comprising instructions for systemically

administering the bone morphogenetic protein to the patient.

56. The kit of claim 55, wherein the instructions further indicate that the vascular
access structure be implanted in the patient so as to permit central delivery of said bone

15  morphogenetic protein to said patient.

57.  The kit of claim 54, wherein the bone morphogenetic protein is BMP-7.

58. The kit of claim 54, wherein the vascular access structure is a central venous
catheter.
59.  The kit of claim 54, wherein the bone morphogenetic protein is provided in a

20  composition comprising a suitable pharmaceutical carrier.

60. A kit for use in systemically administering a bone morphogenetic protein to a
patient in need thereof comprising;:

a bone morphogenetic protein; and

instructions for systemically administering the bone morphogenetic protein to

25  the patient via a centrally located vascular access structure.
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