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Applications The present application clains iority to co-pending 20
provi si ornved oappbicat i ons USSN 60/ 39%“‘%‘%“‘\@@%@% "| npr oPEd/ BONS29 aft\!/(‘
by Knaack et al. filed June 27, 2002! 0/ 329, 156, entitled

"Ost eoi nductive Conposition"” by Traianede®oet al., filed Cctober 12, 2001,
each of which is incorporated herein by reference in its entirety.
Background [ Ol] The rapid and ?Rﬁﬁﬁ?&ﬁﬁlﬂﬁﬁﬁk?R&%Tbone def ects caused by
injury, disease, wounds, surgery, "etc. , has Tong been a goal of

ort hopaedi c surgery. Toward this end, a nunmber of conpositions and

mat eri al s have been used or propqgaqn%ggp tiofls t he repair of bone defects.
.The bi ol ogi cal, physical, and nechani cal properties of the conpositions and
mat eri al s are affibagrastrd appliaitioh akzirns prionity|toeapemding pesivisianal apphichiiang and

erformance.d j or t hopgedi c | i cations... [0 t us,cancel | ous
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ost eoi NdUCHDYEL anl TIXN60/579. 98] iifePRdstediichdald CbiboftioNesy Prhianelestdre
appropriate structural and functional characteristics appropriate for the

parti cul ar af.efilegiQataber U260 uenah of whichHBiricerpsratsd kerein|bylyE&range i it i t ed
nunber of ci .C%Jm;tances. Sone individuals | ack AGB of appropriate

di mensi onseg{ﬂ yQUaI ity for transplantation. Mreover, donor site norbidity
can pose serious problens for patients and their physicians. [03] Mich
effort has been invested in the identification or devel opnent of
alternative bone graft naterials. DeBpekgrannded bone matrix ("DBM')
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Pl ast. Reconstr Surg. 12:108, 1996; Wi fenman et glg J.  Hand. &E%rg .
18B: 487, 1§83wositigntaddpatgyials heye heen pisgd ey propeyed g5 aise 198 repali @l OGRS yhi ch i s
| ncor por at edrdags e mMogrieél,e@gﬁfc%t an®PRIBCA&Ti &1 ipfdRrtRQ BE tHERbipYsitidng i cal |y
derived from cadavers. The ne I's renoved aseptically and/or treated to
kill any i miaetilpas aagegitls majve fistore inflientiog their yalgBiyosdagdormance in

PCT/ US02/ 329..11 g@ﬁig&]l at ed P mlling or grinding and than tile m neral
conponent i*&18%% Pagf1¢ &p %c?l%‘i?'soaki ng the bone in an acidic solution).
The renai nijog) Mkkibigbss dHRERAD benATACRY) iDeorsidbidiee g5lacRasad farshmer
formed and shaped for inplantation into a particular site in the _recipient.
Deni ner al i ZsefthoheBys esienirdiiciive.tinnen-iramyapgeniimng by definjten, dasalbpf §nponent s
i ncluding Rt i.18S, .0l i . OF Sz ans.

Fol 1 owi ng. (PRI DRAE; s RF A Eelinol ShafbpppRs sibRp @BTomhPhARGUE TS
t he site ofretipjent. yUnfbhtenatder ACBad onbl dvailatly irew Bmitedhliybeli dffceremstandes. i nt o

bone form cells. Such r uitment of gells leads to i ncrea in the
rate of m%“%’é‘g}"ﬂ‘i‘}&ﬂa‘ﬁﬂ‘, gghe?fé‘PB‘ioé’,“aYe TPSRTRYES 41 889@?’3-3’? tB"’FlSPﬁB‘sagS’P'i ent .
[04] CurreniofdBWe Béﬁ&‘:csﬁé hﬁ?ﬁdﬂ?&iﬁa }Y@Eislé’x‘i@lsq{ré‘llylﬂﬁ§ kst-pafibdi§ hnd HBirl € the

col | agenbased nmatrix of DBMis Telatively stable, the active factors within
t he DBM natphiygictkme rapi dl y degraded. The osteogenic activity of the DBM may

be signifi ly. rad ithin 24 hours . after.inplantatiaoqn, i one
i nst ances ﬁﬁgf os@%ﬁgﬁ?’%gﬁggw iyt der s 1ientt %cﬁt\}%@dl%\ymelf)ﬁfng&(?t%@g?ngﬂvg
Theref ore, Hone gh@EinatesiaRS PRatiA¢EEzed Hoe Mgt DBV RVE) iaplant@laie babh eeposted
recruit cells to the site of injury for a short tinme after transplantation.
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structure oDpiiae PDBY ReephsainSuis 121198, 18I6; Statintan ec ohth HantleSurg 18B486ne

,healing capghilities of the implant. S -of the lInvention Th
present i nv&’?t?’i’ Sieabe &4 Pladdn %f@e@%@méél‘ﬁa&%@h‘ﬂ@ﬁ lsnlﬁ‘r’ﬁ“l’%age%ﬂﬁ“?%y
COMPOS {1 ONSferl Rl BEmIRIINS DO mALRASLAMIGUE YR ko cBEaeRlY Ot biRe s
.composi tions, and kits contal ning e Iriventive conpositions. The invention
enconpassesetiaed eweptjoilly and/or trabtet hekilosty infedtiotsiagenib.nThsbewiinthest | ve
capabilities observed with previously avail able DBM conpositions may result
from (1) degradation of osteoinductive agents, for exanple, as a result of
pr ot eases, sugar-degradi ng enzynes, or other enzy yn the host or
the DBMitself; (2) diffusion of osteoinductive amummmmmmm the DBM
and/or (3) reduced activation of osteoinductive agent s,ssjlg;*t e DBM The

present invention therefore provides DBM conpositions in which
ost eoi nductive agents are protected from WD 03/0349s( PCT/ LI S02/329. 11




degradation and/or fromdiffusion out of the conposition. The present
invention may al so include activation of the osteoinductive factors found
in the DBKDos/o398xanple, in a controlled tine rel ease manRET/USHH3IWdhe
enbodi nents, the invention al so provides inproved shape-retaining
characteristics contributing to the overall efficacy of the DBM
conpositions. Also, in sone enbodi nents, the inventive DBM conposition can

b d del i - devi ce ta.adnminjster bioacti ts. [07
oot ot on AR B SRS bR bR SR ety
di ffusi on Radkih@the YoBe th an dRRliY BEILSon)S TRE edbhainind)mAZ W MalldaB] Pirddas bee. 9.

protease inhibitors), (3) conpetitive substrates, and/or (4) maskin
.moi et i es. danthegiprocepisd ahdfeniosmed anthzhaped fortimplinistiow irde apaNicobwsiis int thens

conpri sing_a.stabidizi ng,. nt _such as _a.polvyner or.other. fa r (e.q.,
e o ense  REERD Lasefinfifi e e SHEAcA Sy Bib et coflhin a1 Bimeo el |
-met abol i zedndwdihg bidiEns, gcbhrateiid) 8rovah EitYE\aid prGte S SEHNS. BbBowingasked

and/ or released fromthe DBM conposition over tinme, or retarded in their
degr adat i oAmplptatiop; the prcsese APEM induses eahlalar secsitmet torthy stk 96 ik E6r ough

alternativ i . R b ti ] : s to
The 1 aot or = SERREec lSi ERT AR DO Romhf B SHAL I DAl BF

rel ease, caalis Bhilew andh@ease in e rato pf mouhé Hdealegraadahéreforeas fasserav@vesy peri od
| onger thar} several hours, preferably longer than a day to several days,
and possi bI¥* ELEUGHY weeks or even nonths. In certain preferred

enbodi nent t h hAR vk d I I al anced
to yield aq([)ﬂM g%g?%g&%@ﬁ%? %g%evsaihr%{égéll%gv\%?&b#:ﬁg{s’ f[wef%qe‘rt] u%?{a\g%ﬂ?y over
ti me. | nvertesademeompd$IBM onelaiveiyastatile ghaadiva fadtorz widyirage DB NMypatcialdry  show

ost eoi nducti ve, activity for |onger perio tinme.than..s seen w.t

conpar abl e IE%%O@%%&STL%W%%%E%B&EF ﬁ% %éarﬁs_xgr[%gz]n%lpr. egf?rqﬁg

embodi nent Syi@in LARLRUABRE inPlantits, AR Johi iNGaRAE He TR ERERENEE) BaPBé Y TET
such as a bi odegradabl e pol'ynmer (e. that inhibits or delays diffusion of

ost eoi nductifacivaigénithinbhows. Therefommtbofstrss asseriatednithche PRM kte ed¥ess of
degr adi ng ctivati A . I I .

Exanpl es o?a v illlegd’ %%r‘{&%&%ﬁ%ﬁ@%?{éﬁwmg’g as?l gﬁ?’l&ll{eégd%%{eré ¥ zaﬁlgﬁ,m"g‘)'eﬁ"& ose,
pol y- est er syuqhr efttht hanling procesal Dhivatrs; taRe Wwgaltytoaliashs, thiedrpldated Raefialr abl y
the polyners are hj ?_c npati bl.e and bi odegradable. [09] In other

enbodi ment &Y PF\?@’rilltei o0 AseiREBes nireruitegyellhicl ude and/or be treated with
agent s t hatjo5nhi Blaliafilf i@k i to/aBlor e Bt vABLLB DB Ahb B0 B AU TBSre of
prot eases, or’ glycosidases. Such inhi'bitory agents are expected to reduce
the acti vi tthe BBN pmpiahi is also Wl @8 /td ER M fiBEE xo BETHoue Being2apdbiknesyafake

(whet her der.i Y'%g fromthe host or fromthe DBM that woul d ot herw se
interact wi't®'B5t eoi nductive agents or other active agents in the DBM

t her eby reduci ng osteoi nductivity or wound healing. Alternatively or
additionally, inventive DBM conpositions may include inhibitory agents
presented in a tine-rel ease forﬁHﬂH@?WWf(téﬁéﬂYel%weapsul ated in a

bi odegr ada p (03 vt - 8 e 2y ITeS
ahi ch-l oad 81 {no b i0ekits o BB iy 600 A DR EASAIRE nl P IR ¢
factors), icompositiony, relged hsthidda tfor meparmetdnd 181y the inyemifveaohipeaitiong ardzynes
preferably l.ead to.i nci{seased ost eoi nduct L%it over an ext eggled eriod of
time rat her<iSiEaRtaming the imyentye ¢Qraposifqns, iﬁ}b‘{vﬁfl%i‘% PRSRMPRFSCEeFrRENIion
enbodi ment f t: 1 i Lt heul arly
For mul at ed 1 oo B R o A SR, (PN FR M BRIy BATILE
portions t HeBEbéqmpastions stagoesuttfedrh (1 )tdegrabatign vfodeoindmtveagemis, &r DBM

conpositions may be prepared fromnultiple, different QEM$re aratioqsfl each
of Whi ch CONERPIR SEANTSHAPE Pror@Ecso sty (F BRliRe CrpBsa Ak BF THEMSE RIS
different ampUBitDrYe DERESsH! (25 WP didLd NEtRARRcHve ffdhts| it bR DHBIBMd/or

preparations or powders nmay bé prepared that have varying half lives as
. det er ni ned By reghgeriatiyatidnoef dstestralucéve ageptsrintheroBy: Hhequesenbinvantiamabi | i zi ng

I : - i nki. f_t.h | . hi
ST i 11 2i no R ERE Ay MonPER3amppoiR By bR pBEHRGe it WA PERBA Ronf s o1

activating or degradatory enzynes, etc. Adjusting the anobunts or |ocations
of the different DBM preparations within the overall inventive DBM
conposition can nodify the characteristics of part or all of the inventive
conposition. In this manner, for exanple, the fornulation could be

custom zed to the patient, type of injury, site of injury, |length of
recovery, underlying disease, etc. [Il) In another aspect, the present

i nvention provides nethods of preparing inventive inproved DBM
conpositions. For instance, the present invention provides nethods of
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exanpl e, the bioactive agent may be associated with the DBM t hr ough

el ectrostatic interactions, hydrogen bonding, pi stacking, hydrophobic

i nt er act ivo093/0308F der Waal s interactions, etc. In certai nPEFHEAL/AMML S, the
bi oactive agent is attached to the DBM through specific interactions such

as those between a receptor and its ligand or between an antibody and its

antigen. In other enbodi nents, the bioactive agent is attached to the DBM

t hrough non-specific interactions (e. g; , hydrophobic interactions). WO
03/ 11309SG &gradition/aaadr frobr diéfisibe satrafithé compdsitidne Thegitésegt ifvantioa nday Thr ee

week in-viva radiographs, show ng evidence,.of bone formation, Figure 2. Six
week x-rays® P 1pCluge aC H‘?‘t}%\é\%@.g. ogﬁg’éfl?f fagjors Oﬁlﬁfl FW@%WU@F%W@E Ina
Vascul ari t%&xﬁ)ol@ﬂ@in@&léﬁ#ﬂna&?e@ Reod éﬁ&dﬁﬁ%s,ﬁh%’ﬁfveﬁt@@slofﬁgvig& The

vascul arity and marrow cellularity increased on active ose
dependent f agpiioyed shapk-retanimpchiargtedismsacnirbuting $o he ovedaBlHicaxy ofithie BMas

.not evident in the devjtalized group. The wild t BMP-2 at the 5 u
ose was oi FTTRIIERS Hshyb it BRpsinentind iueriEPBbbe e pe 1sed

si gni fi cant apanélivly H&AcRHInEnkR: KiBsdliveiagihte devitalized groups. The

resi dual DBF dose-dependently deceased w Fh I ncreasi ng anounts of hrhBMP- 2x

in the acti {]DBRrajeasion. of Theeative factoppwithinBPDBMasprovided ssieg { Batiffusion n

renmodel i ng . as_the hrhBNR-2x. Figure. 4. arison.qf, untreated and
BN 2t PR e oo e L e TR han e oo cap St CBhi y

resi dual DBEompesbeisubstdiesn@ndIenNg) meskigd mofttiel.eCemdis cabbaiaRhis Jpend t al i zed +
10 ug hrhBMP-2x: New bone |ining residual bone; extensive inmmature marrow

with many aHiVgBHEOR RroViderldBMhenmpositiant ecompriginga figliliging agens sheh asgnpadymer or
other factor (e.g., protease inhibitors). Preferably, the polymer as a diffusion barrier is
metabolized over time, so that the osteoinductive agents are unmasked and/or released
from the DBM compos,ition over time, or retarded in their degradation rate. Diffusion
barriers of the invention may also work through alternative means by decreasiﬁg the
diffusion of the activating enzymes to the factors present in the DBM composition.
Preferably, such unmasking, release, controlled release, or controlled degradation occurs
over a period longer than several hours, preferably longer than a day to several days, and
possibly lasting weeks or even months. In certain preferred embodiments, the rates of
degradation, release, and activation are balanced to yield a DBM composition with the
desired level of osteoinducﬁvity over time. Inventive compositions containing a
stabilizing agent typically show osteoinductive activity for longer periods of time than is
seen with comparable corﬁ;‘)ositions lacking the stabilizing agent.
[08] Insome embodimeﬁts of the invention, the stabilizing agent may comprise a
polymer, such as a biodegradable polymer (e.g., that inhibits or delays diffusion of
osteoinductive agents-out of the DBM composition, and/or blocks access of degrading
and/or activating enzymes to the osteoinductive agents)., Examples of biodegradable
polymers include starches, dextrans, cellulose, poly-esters, proteins, polycarbonates,
polyarylates, and PLGA. Preferably the polymers are biocompatible and biodegradable.
[09] In other embodiments, inventive DBM compositions may include and/or be
treated with agents that inhibit the activity of one or more activating enzymes, proteases,

or glycosidases. Such inhibitory agents are expected to reduce the activity of specific



outer edge of nodule but no rimpresent. DBF: R m of residual DBF present
W th extensive chondrocytes, bone, and sonme marrow formation. DBF + 10 ug
hr hBMP- 2% 0 05ri3w9%d m of mature new bone with extensive bon@®Crarszsis%en

t hrough out nodule with very little residual DBF remaining at center;
extensively vascularized .with well| devel oped hemat opoi etic marrow present.
Figure ~. Histol ogi cal conparison of hrhBMP-?x and wld type rhBMP-2
treated DBF matri x. There was significant bone formation in the hrhBMP-2x

treated grotRFYESHpEheberdsrivpdirpmBhehast gr Gom the DEN Hibatwould ptifeewise inggiacul es

of bone an | f rrow in_the wl roup. .A note
devel oped, oggeéég‘gﬁégb\%%va\égﬁ%é{ ‘r’c}‘g‘?{{“ﬁ?{é ?‘%eéﬁ%v\t%l? @ Bltl\?’(r%ﬁﬁg‘@&reg}%ﬂ%. G WO
.03/ 030956 P§stédilsidtisRP or-wolmdheating . AGBeEIeaY of hddiGénllg, ialersios®BManpl es of
matrix netal |l oproteinase inhibitors. Definitions [15] Associated with: A

st abi | i zi ngCUBRAFItiAsE mAYHBRGILdhBR{bHATY 2gepistyesested 4. a timettelgass formuaipn e Bt her
.0Sst eogeni ¢ i or i e i i f it retained b
Che 1 ot ant apiteBE EOL BioArb Sl o o g RUE B aBvddng heest FE 51 1y or

t he i npl ant enz3pes which lexdinpthe geléase Ipuebenthtidn, o erdatiee by ostdiddustitd aclorgm t he
DBM as dete assays in simulated body fl uids;

rmned inin vitro djffusjon
and/ or 2) hﬁ@bawrsé%e@m_éa Thhfce the Jeivity of REVBRNE sRYEpET @ablilead tr ee i n
solution. | cRANR GRAHIRRAPoveR 83 6k AId(NRIRTOF ERUANE han 13t SDOSH st NEY

are non-coval ent. Exanples of non-cov interactions | ude
el ect r ost at afeeriimpbmtetionons, hydr ogen bondi ng, hydr ophobi c interactions, and

van der Waal,s;i nteractions. For. instance, .bioactiv ent may be rendered
associ at ed {/@1] h O%WPHWWE}Ofit#‘R/gﬁﬁ“&EVﬁ@ﬂ% %W‘S_\?méoﬁlpoﬁ 3% yneric
st abi | i zi ngpAgeRhrly Fnulasd {oadoﬂﬁolddrraﬁ}h%t @ r&b b Rehidd %%mggs#g%e g} phifeRy t he

matrix. Alternatively or additionally, the bioactive agent r e rendered
associ at ed theraef.domBmtepndpctivitie Bf gise phiyeiecxpmpls, BEAd cpmposiiians maebeor nor e

entities th e l ves. .assogi ed with the JFOX exa t he
b5 Bep@ed AMERAINE AR ADRR Beotlilnd, MRS b iR Yo B RERER 4 T e
BWP-2X i s cpatickebfdiffeeenbeizeaidocinclading digseat at@chtybiithpdsog stbBMzingan t he

BMP-2. [16] Dem neralized bone activity refers to the osteoinductive
activity of 28F8H er dnstanse. BB NepreparaonsrpREEensimaybessprarerihpy Bave yagying

herein, refgagites ﬁrﬂétémﬁx?e][dib}l chgﬁgelﬁ%%ﬁﬂlsa}icé, %%%W%ﬂ'ofwa%{llﬂ from

living bone tissue. In preferre odi nent s, conposi tions as used
her ei n i ncl pelgmer,dhaextentadsrasedinking iofi thel pdpmeérh the thivbkost of aismlstidingcefitengabl y

| ess than 1% cal ci.ym by .weight. Partjally dem neralized bone (e.qg.,

pr epar at i oné‘e\ﬁﬁeff’fg}_?eeﬁ%g\?,@?’ %a‘_ﬁ%nﬁﬁf ‘@ilhl]ﬁﬁo rﬂﬁéﬁ&ﬂ‘lﬂgb(ﬁ e%f&a%‘f%gyrﬁn%&mf%ss
than 100% ofsct el @sting itAdmStdd & 10&htBAD Hhe Al fr&ah I BN prapRaiiing Wihengeder ed
within the scope of the invention. [18] Diffusion barrier refers to any

material , cowrehinvepiivaDBy cempesitinneanmhedifydbe caraueristiseof paroratl afith¢ usi on
HHEA Lt C N e AT T
certain to the patient, type of injury, site of injury, length of recovery, underlying disease, efc.

[11]  In another aspect, the present invention provides methods of preparing inventive

improved DBM compositions. For instance, the present invention provides methods of

formulating an improved DBM composition for a particular site or injury.

[12]  The present invention also provides systems and reagents for preparing and

applying DBM grafts, as well as systems and reagents for treating bone defects using

DBM implants. For example, the DBM composition may be provided as a paste in a

delivery device such as a syringe. Preferably, the DBM composition is sterile and is

packaged so that it can be applied under sterile conditions (e.g., in an operating room).



WO 03/ 03095e PCT/ US02/ 329~1 enbodi nents may be a pol ynmer including
proteins, polysaccharides, cellulose, man-made pol ynmer, PLGA, etc. that

pr event s WO@3/eiopFeusi on of activating agents (includi ng waPET/USenes,

etc.) and/or degradatory enzynmes into the DBM conposition. The diffusion
barrier may al so prevent the novenment of osteoinductive factors out of the
DBM conposition. In certain enbodinents, the diffusion barrier is

bi odegradabl e | eading to the degradation, activation, or release of

ost eoi nducfi3je fTaepessentafresntian figittee priwities arsystamdbr thanaster{zi@DBM ri x, as
used herein, refers to a natural qQr non-n ral substanti.al ly solid vehicle
capabl e of °8%’§88?°§=tq”§rf°wd?%m§tnglaé PrePaHRE Cﬁn?aé‘Efl%F’ e&‘?fsd‘éﬂ} wgvei(f) an
.nmpl ant  si %‘f-‘o oflg matrix may be conpletely insoluble or may be slowy

sol ubilize aq‘ter impl antation. Follow ng inplantation, preferred matrices
resorb or Jidir adwrthermmme,thegresan Stvantioraprioyides e gyatemidor deliverngshiogntiwet o seven

-days, nost preferably for, two or fqur weeks or.longer and.often |onger than
60 days. G?8GRf ?%%TQWFthﬁC@éS @rﬁj’ 2 SHEP gﬁplé:%ﬂigmgngrpwgi ©Fx as in the
case of nD$,A6MEsNAIA deARTBBACytMindd) RiterBiKiRCoRXABANA Uteynatiag do hdobhe

matrix. Matrices imay al so conpri'se conbi nations of 'endogenous and exogenous
growt h f actanirsal. Tie usmofd R B yorbpositionesra dedivert eehiple for bwacisragensr nay be

Conbi nat i oF" 0GR e e opEvieoRae i o BV e Gt B RRAAT " (e

matrix is GeifRh 8Rtedd tdRRhinfkiee SERehtele thalsibadtiveegelioreploblar with ke ot her
enbodi nents, the matrix conprises resorbabl e pl,aséi c ;1)0| mer s su&gﬁtads t hose
descri bed BBireducsen sfifhedinastivorecntd thesits 6 hpdildh opeh Ailwpd and gdisiripaied

preferred e i {4 : | IiSieHsed
e the. mat S (e BBl A, B Bl e B BT B fedipiche
I\/bmr) eds peci fhefexelcympBldi: E’eﬁﬁhg gg&%o@uned.]gﬁrsbhmibh\t@ﬁm pebkeof of rS?iisﬂrilbutiomsrtO m;t rix
enbodi nents requiring the addition of an exogenous growh.factor include,
but are notafﬁ?‘(ﬁllilec‘éaacg’d? CORPOREYH %t%w%@e@araeg, _‘B?%P'%f%ngm%ﬁﬁﬁ&? ﬁgﬁn?tﬁlﬁ%at es
ox cal cium o%%%%g%&éd uﬁnga BBH&Li6S cholle iz 8 1 Bromdi€ind Mahas phat es,

the preparation of whic s well known to practitioners in the art (see,
for exanpl éealing pewesssi.ef resdrptisiCaksiulamzatiors phgivgctssisenaye giontls eran Adist of | |

Ed. Encycl gpedi c nd of Biormaterials. AN [ 00,

Appl i cati on O%&/ﬁa eﬁgqﬁfé%@f be[ée@@r?fi uﬁfl%i"g\f% ug Iibl;%é\? ﬁ?@sé%%gﬁh{c}s%dr% i
the Apatiteappchdd Aemn fafétddentivasniial eSthid spaitef the iAvetion darinveliod; each
of which is i1 ncorporated, herein by reference). Calcium hosPhate matrices

i ncl ude, bugoTERAsitivats proyideddn phichdPBMi aaﬁﬂxer With %SI%?I%J&IBE ggRat, 1s used 10
PCT/ US( 12/ 329 by dr at ey ; ingki ' : Abfdotect

t etracal ci U%Q‘S%%‘é%%g‘?gmﬂ%ﬁ g%g‘bég{t'i %tégp\ﬁ%%%g%ag?%él Iﬁ?aﬁgﬂﬁggérggg?glpgt’itice, _
poor |y cr ysthalbiélogicallscsotiny agatt ifie degrdsiation,and dhdrotirowilhpendits, actimellilal ci um

deficient hydroxyapatites. [20] Ostepoirzducti erein, refe to
The qual i ¢ yaibHe SSTg e eboitn et drissHarTindiReiS e i B el i HE
can induce {Qeih@iRt hatht,Ohdak QRIS eRBARNets! the DI maY BStRd & daiveaRiondl | s

consi dered osteoi nductive. For'exanple, nost osteoinductive materials
i nduce bonethftoonabioertiverreanty preferablameoro e tye stfeRoRdUsictbhgPmStingS BRIFhod

of Edwards gt _al . (. Osteoi nductd on. - j | . P

Char acteri zgﬁl?ﬁre? %mgé KO EF Y oder on%%tlz‘}r%’%gﬁt %%E%Q%}%%Q%QE%PB l\é?eg?f

357: 21 9- 228exdgsiethebioh& B8, ageitGaiey atadatbé néthrihd PBM fleroegicedctrostatic

Ost eoi nductivity in sanme instances is_consi ereog) to occur thraug@ glel | ul ar
}} of; Yaals

recr ui t ment in4gTaCtiqRaUBIdressndonding, pistacking oy erhobiq Htesrrtions &ay

phenot ype.  TRLEHAMUAL | M dhallPomildiRef® HEbRAEIIGehNs 5?@9(&?1&@&@% as the

ability to 1nduce an osteogeni c phenotype in culture ce primry,
secondary, tiroegpdpedtis jintbfaciiensauivh sedhbee hadweed a tecepter arvkits lignndier betvean e

met hod with an in vivg, ectopic _bone fopnation assay as describe ang
ot Al A qumARod a0 i s bR OTGT SBBO BT E el b e R achedto
.demi neral i ZQ@MQE%ugﬁﬁéﬂ-éﬁecﬁic iggegédtigg@%t% hydé&{hbbic ihf&ti8ns). Novenber 1997,
incorporated herein by reference. Calibration of the in vitro assays
against a proven ira vivo ectopic bone formation nodel is critical because
the ability of a conpound to induce an apparent "osteogenic" phenotype in
tissue culture may not always be correlated with the induction of new bone
formation in vivo. BW, |G-, TG~ (3, parathyroid hornone (PTI-1), and

angi ogenic factor s are only sone of the osteoinductive factors found to
recruit cells fromthe marrow or peri$ascul ar space to the site of injury
and then cause the differentiation of these recruited cells down a |line
responsi bl e for bone formation. DBMisol ated fromeither bone or dentin

have both been found to be osteoinductive materials (Ray et al., "Bone

o, ~ - YN AR A A AN A N — " "~ o o



spherical -l1i ke particles, and for particles of other shapes except where
specifically indicated it refers to the small est cross-sectional dinension
of the pay@ahmIsd n certai n enbodi nents, the conposition RPEF/USAYBAYE even

| arger sized particles, preferably greater than 1 nun, greater than 1.5 mm
or nost preferably greater than 2 nmin their |argest dinension. The
particles or fibers may be of any shape includi ng wedges, rods, spheres,
cubes, discs, ovals, irregularly shaped, etc. Fox exanple, in certain
enbodi ments, the particles nmay hdefilxgeiptionmpg theachvbagappr oxi mately 2 nmin
their | argest dinmension and 100 nicrons or Isss.in anot hefr iczrrensi on. The
particles or fib@uke hayhise veeek ey ve FaciogreRhty SPRWHIERYIARES TS particles
.of a partiﬁ) ko i ze. These particles or fibers may be mxed with a

sol ution, shu~fy, deformable solid, or liquid to forma paste to be used in
admi ni st eri ng oFigappl.y Bhgwedkex-gryabt fasftroaBMagesvent i ve DBM conposi tion, or
bone sanple. Preferred nefhads o artigle or. fi ]

di scl osed in i s&gHF % @.uaéféfléﬁ?vsd‘@?}%%?{f ggﬁ’upa?tigg)e %?&@%@E@E’g%&ed
5,314, 476; ). each of which is incorporated herein ~by

refer ence.BQ%gFﬁ)\?\%&%%%(ggSG PCT/ US02/ 329-1 1 [ 23] Pol ysaccharjide, ,as used
herein, refers #o an?hpaagcnbﬁmmdonmmdl%ﬁmé’a?%%?@lPﬁta‘ét“’reegé%&fé%.dOSFhe

pol ymer may consi st of anywhere. from . St @bntsugar
i ts. " pol Juaari e Rl e Bk opRebiRidsR of fRHaR e, Al dnsantey@t an.
or may be gymkResikAeed %R)uEQYEe iild type thBIOX 2tiothy S Rodoss aes kariladesthesol at ed
fromnatural sources may be nodified chemcally to change their chem cal or
physi cal phppet BME (e.g., phosphoryl ated, cross-linked). Polysaccharides
may al so be either s i.gh [ i@ieabRbhtHeat ur al
and/ or unnat uraf~"car g@%ﬁ%‘%‘fﬁ‘gb@s’?‘%@&&?@ﬁﬁaﬁﬂ%&%ﬁ\ﬁ‘ggr the residues
may be the dbyipilizad geuper The risaigel DB doser-depradently doceased/ with ingrdasigage onl y

ilable t thetic chenists. Ex f _pol hae incl
e U ose. it SrEYES ngheics DRbsrpe TRe R ARMIEE walnalee o
@ ycosam n%@e&?@e’lﬁg@rﬁ@déﬁ%‘%h&@@@a@%[e%ﬁl@ﬂﬂ%ﬁcchari des. [24] Protease

i nhi bitors, as use erel are chem cal conpounds capabl e of inhibiting
the enzymatic adfigmietdy @émparsoeihuiteatediond harBMRex treatesd deviiplized 38 8§t1verhe
pr ot eases irﬂ@%bi ted by these conpounds include serine proteases, acid

pr ot eases, 94%Shr ot eases (exanpl es of some matrix metal | oprot ease

Inhibitors are ghowalizdd: FOAIYREsidlal DBAHExpefh ndders famatiopepiietase,
cysteine protease, efc. The protease inhibitor may act specifically to

i nhi bit onlayidgntpecific protease or class of proteases, or it may act nore
generally by InhyRitl &M%@'kﬁ%%-%g}ﬁa{f@Bﬁ@ﬁﬁﬁg (R RhepsRIcRERIRASE
inhibitors are protel ed and are commercially avail able from
chemi cal copaatinematoh with dhgr adipocBies thaoughont redulesexisapive denafagagfion at

i nhi bitors which adheé{f tg t he . DBM gxﬁr cal ci um phosphate or ceramc
carrier) ar@tgaEdes bR PHNOREPPLEYs they remai n associated with the
mat rix providi ngparstraky i 12iifsh PEPskschawit ckRnges chardrogtaf bdnenand svare
freely diffusibl®@ T nhibitors. Exanples of protease inhibitors include
aprotinin, #ag@arformmaiony| ) benzenesul fonyl fluoride (AEBSF), anastatin-HC,

al phal -antichy ypsin i orln .l 1o Rhalw i i e

4- am nophenyl m%mw%mé@#&f%%, ar pﬁézyr?e\%]lmngﬁ%,&wgrbgﬁaneni ne
B, E-64, beghRhiith theduel b nbdal0 HithMery 1ot paidual DRiFaietaimihg atcahipai n
inhibitor 11, cathepsin inhibitor, chynostatin, dii so%rro\g | f | yor ophosphat e
(DFP), di pepteapjvabepasculasiaed with sellisey@pped femainaicts mEtgy Presella sy £ 6. 4,
ebel actone A, ebel ney: ' : ' p-b H e HeBMHE-D Wethted

| euhi stin, | eupegkgl%ﬁ% 9’aﬁ6ﬁ8@§§§r%§?@%ﬁﬁ#§%¥nylﬁea??lwlﬂgu fonyl fluoride
(PVSF), pepBBH mitrid, Threbestsignifichniifiphéorartiondn thedithBNGspneaied gronp
chynostatin, benzam di ne H anti pai.n, epsilon m . / 95 (ovtensi
PCT/ US112/ 32@%@%&?%‘%& %?M%CQ gEouR 28 Ry ‘B?W&rs?ﬁlfg‘iv%% : é€“Y$r°$ %SS%é’l]dn% Bore
.1-chl oro- 3- L9 the B0 8 anomere(devel§ped, blood marrew was evident in

1- chl oro-B-E@ﬁ%ﬁg}%Fgﬂﬂeﬂ%?%ﬁt TR trupsim bl tor . and
sodi um EDTAthd R®%}id AhR¥it-2xigromp. p~~ot ei ~i, according to the present

i nvention, conprises a string of at |l east two am no acids |inked together
by peptide bonds. Inventive peptides preferably contain only natural am no
aci ds, although non-natural am no acids (i. e., conpoLU ds that do not
occur in nature but that can be incorporated into a pol ypeptide chain)
and/or am no acid analogs as are knowmt in the art may alternatively be
enpl oyed. Al so, one or nore of the amno acids in an inventive peptide nmay
be nodified, for exanple, by the addition of a chemi cal entity such as a
car bohydrate group, a phosphate group, a farnesyl group, an isofarnesyl

. . - - - -, = o




WO (13/03W51 PCT/ USU2/ 329. 11 stabilizing effects for an enhanced

ost eoi nductive matrix conposition. The neasurenent of prolonged or del ayed
appear anoe008/098d r ong ost eoi nducti ve response w || gener @cyuso3todi cati ve
of an increase in stability of a factor coupled with a del ayed unmaski ng of
the factor activity. [27] Targeting agent is any chem cal entity that, when
i ncluded in an inventive conpositions, wll direct the conposition to a
particular site or cause the inventive conposition to remain in a

particul ar site Mightd 6 Chemicalstpicamd disobedkamplds df geitiin hetdiopiteifmyge be a
smal | nol ecg\gﬁ eptide, protein, biological nolecule, polynucleotide, etc.
Typi cal tar tﬁ%‘ agents are antibodies, |igands of known receptors, and
.receptors. These targeting agents may be associated with the inventive
conposition thxough coval ent or non-cB\é&Iﬁ{&si nteractions so that the

i nventive conposition is directed to a particular tissue, organ,.injured
-site, or cell5]t ypeociorglasitipt Aatubilfzidgesgent or ot icReémpe] &b d¥stiBed wBE As
descri bed hsb 'n,Qﬁéhe present inventign provides conpositions and net hods
relating to ﬁ%% B PEQRCHE nadfiix ﬁ@&or@n@{%d%@ RreseRitiBYensign it isi igkpined by the

conposi tion I i # I 3 t he

i n\r/ne)nt: oln aﬁﬂep lﬁgsl@r@’; ebngsgélﬁﬂd %@ggﬁgﬁnﬁgnﬁéﬁé W@s{té}cﬁ?%@@? ggég&t@gﬁPﬁg' Fi gures of
t he Dr awi ngSpetHusmxaniplanniinde §) sk ifieklywhiffhsitp firoac tha B Mhatdetrmued &t i 16fro
enbodi nent s,.r versions of fhe, j tion are.not eci fical di sc e

et ow bt < R ER S A DA O£ B e T D5
defined by ih@maprRangeeret miutlic{rz% s@ﬁ%ﬂnsoﬁi%ﬂ{sg %Qcia{ibx{%%é’@év'abégefin

proteins and gl ycoproteins, collagen being the primary proteln substituent
of DBNI. Whethersdlsylasgaon-cevalentatixemples of vil-eqvabasit nyerdetyma daduderelectrogtatitie
relatively rare.col lLagenase enz he ether .proteins a~ld active factors
present in *B%\‘A%é‘r‘)a&&ﬁ.g&%ei}%88%‘%3133“&?‘0@8i‘?}ﬁ%‘gng’?seélé%’a‘} C?Frt\ﬂ@?%ost. These
host der i vedingastioas FaiGhitaieced b OlRasRSageAtnSH B Fend 8@H A Jathre LAY ABBM Br 0.
endo- and exogl ycosj dases, gl ycanases, glycol ases, anyl ase, pectinases,

gal acat osi daibeksinventiye atigs hy vistue ofe pebymeris ehilizing neent dies rastssips Aiffusioa dfor

t he osteoin i | I Vi [RM ex| i be f LN t.h rix
until acti vgﬁté (ebsjéa\éﬁ\éﬁéfgﬁr%%l t@én I n\ioﬂ;%}l?th;e‘l'l}gﬁ%%ﬁe%&a ngﬁﬁ? éw(a)értw%raga%t unction
of the factory berendetedaseciired WerhaDBM Wyrviftneof apletah thtdraciodrwits orerdri ty
which binds to the first %rrlowth factor. The instant jnvention alters the
time course™SVet Ut LA a8 thenpslyes spspesigd Satpe 82 Fos gxamales the BYEE-7 o
factors pr eg@cﬁ%pmz DM R 248 o dbdWRlidre OF AR e TIITL hﬂ@tl—f’é%ﬂdlﬂf}&’is%bﬁﬁ@ére@y 1
) slowing the degradation of the active factors pxesent 1n DBM thereby

~al | owi ng t hierhel eprgstoselygisdenieied viishaDBM thaugheBMRt-2es, or 2) prol ongi ng

t he rel ease ope or nor acti:ve).fa ors . fromthe jnplant rr 3) al.tering
the ki neti cQ%j)f 2(6:’ 1f”\?5‘??“6§ bage gty rré:ft rt%thc?rci?ggtofrbdeuf’{é{é?%cﬁg ?ty?ﬁgerf‘%?ﬁa ﬁ?c{ ‘
i nvention ibafecases the effective osteoinductivity of the DBM conposition
by ( 1) alteri ng the kinetics :of activation of cryptic factors, (2%

al tering thB7del Peargrdirar bprne eniis as wied hetein aeferdp ony magarial Beneraied b,
and/or (3) fSAHEING; ieC i f i r 2 Widdnn or
as they ar efrel eag;ggﬁﬁig%(?%rﬁatle f‘%ﬁfﬁ%ﬁg% t?glggﬁ h{l%gt;eglgégﬁj%gglne& C)Fh\rérﬂa 1?1{612
presunmabl y ocmoprsgionkasusgd Hehein iedude grepandtiont comtamingeledssthamf daletunpatdogeni ¢
phenotype. [3 he instaps invention, prayid é’eour approaches to the
protection {3?9%?:@?'&35 p}ﬁ‘ﬁ(é’ gaIFPm%gﬁ?gngé(%ﬁ?% %‘FWBEBW-@%H ved or
endogenous §RENERSns Wie ERE®r Hin39s PAIChRLH Pl RY bR oRANRILA Bl P0ddBNE
preparations or factors added to either M or synthetic matrix

conposi t i onthe opighrbgatieg anpupt of/¢aiidm) mealsgreonsidensd avithin tie sdodefalsheon
barriers, b? VEETE inhibitors, c) conpetitive substrates, and/or d)

.maski ng noi erres ™ These sane four approaches. may be used to control the

activation H8Yl/ oDiffiglowalgriof redért @Oy aeHNSclRRE 0N, 0 sEHsYAHCE that @dcRas&Or
exanple, diffusion barriers or activating enzyne inhibitors prevent

.activating B§zgee! ftsione{@ruhsiansearam ppe side phthedagicsio thegiharsidenandupers t he
cryptic fac r i -act | ion of active
factors w t%ﬁ%%ﬁitcﬁg g{éﬁl ggér%%glg?? %ﬁ\q?ésb%% a?l?eﬁﬁﬁgorﬁ?’gﬁqﬁ?g] %:%@nr ed

osteoi nductivity profile over tine. Dem neralized Bone Matrix [31] DBM
preparati ons have been used for many years in orthopaedic nedicine to
pronote the formati on of bone. For exanple, DBM has found use in the repair
of fractures, in the fusion of vertebrae, in joint replacenent surgery, and
in treating bone destruction due to underlying di sease such as rheumatoid
arthritis. DBMis thought to pronote bone formation in vivo by

ost eoconducti ve and osteoi nductive processes. Osteoconduction occurs if the
i npl anted material serves as a scaffold for the support of new bone grow h.

~ i o o - .




m WO 03/1131195( PCT/U S112/329-t 1 DBM preparations are provided by the
actual shape and coherence of the inplant. Thus DBM conpositions conprising
ent angl edvbinbesssad end to have superior osteoconductive pr@pertSIE329as
conpared to less fibrous, nore granular preparations. Stabilizing agents
which tend to preserve the shape and/or coherence of the DBM substituent
can lead to better bone form ng properties. [32] The osteoi nductive effect
of inplanted DBM conpositions is thought to result fromthe presence of
active grovenbodanems mapbe s @olynwr indheding plosdins] polysécabaidds aetidlosg tminamaddhese

factors incl uyde rs of the TG ~,  |.GF, d.BMP protein famlies.
Parti cul ar WFEQP’& etﬁs td?rﬁmiﬂ\?é{dﬁ&&‘{n&ﬂqlﬁf}%ﬁwﬁﬂﬂ gAY, | GF- 2,
BVP- 2, BMP-chyyipad, 3t Wah@iod dBRL RS dnPiis inf e BINIQQRDLSihACTRE SirfustoRer

osteoi nductive factors such” as osteocal cin and ost egis)gntl n are also likely
to be preserarri¢rm@BlsogrepEnt dici roogeragnt webitcoihetize facorabsioflthkBBMt 0 be

oth d_or..undj t eoj tive factors, . i 33J

Ay of v S OTIREORy LR DR e PR P € P BTP O e BRE R 1 || 7ed

in the pracke @?r@ciatfbﬂehcm/ﬁ%[‘br RO bf SffeoitBMiTE Ri2fE6k R Yin JRKNARL feeidd Ry be
|

enpl oyed including particulate or fiber-based preparations, m xtures of
fiber and pefrtim&ul ate preparations, fully or partially demnineralized

preparation m res. of full d.partjaldy dem neralijzed preparations,
el td ng s} ackanfoied hitsins <36 B Akl Bt oY nE Tl Ao LSRR Rl
al . (LJ.S. &RahEsbf Hs8d&idhlWith hslsae dneeih &icidt fo@ilery RGANRPIAE Sitk. MEeei n
by reference). Preferred DBM conpositions are_described by Dowd et al.,

U. S. Pat entmatriggraygeomphetely insolubie oy way he slgwhes@pbilissd alear dpplaatation) so
useful are i i Sl i1 4 er .

pol yhydr oxyl e R pR R BhBieRttinh of B3erRle S RleSuBliaR

nucl ei ¢ aci sct foohyleest sne podesarodeyssmostgsefmblycioayso ocfolue mgskssalldsger amd/ or

derivatives thereof. [34]. In gertain enbodinments, the DBM naterial utilized
o ormul at @R 18 iSO OGS T S SR 5 U R &
greater thap £S%se BPMSstRIcHifrARled 1S HrSheyl HATbSRBoeARily AR tPfhe InipiaNd
most preferably greater than 98% of the cal ci'um phosphat’e renoved. The bone
used in cr eMairtegs mhay 2BBROMRLisheonbinatione @f Erdageros and gregenofis giowitnfactsrs.dead
tissue. Oten, it.wll he preferred.fhat the.source of..bone, be matched to
the event ua ™ BFR bR FRHEUG hERG 2omb R aB9 HedRommg e el SR <
often 15  WohfdkQIWBSE FHGhATISAZ/A8@ Borink 6l eshbiablién §ittas Hibersdan hrtierd. In

reci pient are of the sane species, though even xenogenic sources are
permtted. QmEsrefored embediment theynatrixgs epynntised @f heat pregsed deraigeralizesi hrae

pul veri zed, fQL. 0 i £ I |- O

enbodi nent s,l tr%eﬁlgg{léty:ec%gg W f ’%Biﬁat?%aciogﬁﬂ% %&nsg{fgél{% glragtrll‘gﬁ(?%%% {?glg?herlﬁ ni mum
di mensi on, trsedgycrifed ibalvivy agruitablerfot traras Gfffusiindraoners. Enothemprefepeéf er abl y
greater than 150 m crons. However, .it shaul d be noted that_ one et hod of
the prefer _r%‘H%‘?EﬁWéWP’i ao%ﬂilgﬂft%f gmamhpp%%aq?lﬁﬁ%ﬁﬁ@ﬂ?%ﬁwa? A51G° BaFHT @ es I ess
than 100 m gse@stidnwitiih SsORRE IeewAiHciBPSiRA Tk 8 BNP e Wakte kfstidalaBMPB-2 or
mcrons. Particles of 75 microns or less, follow ng demineralization, are
known to haBMB-{ ot destyadvesiberget e¥ilhathen igirixembgdimenipreauisingfthe sdslitoreefent

i nvention be used t nce t:h ctivity.of these smal| size particles
as wel |. Fgar%}/ %’?O%B%Oru lglroaiﬁcg %gcﬁ%i %g]iurqa’elﬁ%ﬁed)fm El étgg té"r’r)a%ﬁfcusaltezde%e,m%lf %] east one
st abi | i zi ngpie@eatily balciumeshipHaies br calchintd hdshRated) ITHemod: phedsired Rbirigecapabl e of
removi ng such small particles (e.g., ma(_:ro_phages and foreign body giant

cel I's) | ongCasiBmghosrhales, the/rraparagion of whichds ¥iel kppwhitp PregBtioNs inghefitci t an
ost eoi nduct } e ey Ll 1 digff us gn rrier
W1 be presatt SRREREPHERRES Bhd (BB AN el VT 85 P
certai n enbBdnhepedic Handbquardf/iBidreateainl ant! Riemigine200g Mact Bndppicries NWéve
greatest di si,on. The particlegs nmay be shape incl udi ng aval ,
spheri cal ggﬁ‘oi%é‘ic,el IS%ﬁlfg% hldb?ﬁ g’f‘ﬂ’ﬁg,‘e %ﬁ%@%’f”’@ﬁ gﬁl’? Hpefgf{ 8194183%?6’{%% s,
-the parti cl pg,ah&YERERS, ARNSETHS1 o0, LN FWIE RIncRforHeaM@RM BFT 0SS their
| argest dinmension. In other enbodi nents,’the DBM conposition may include a
m xture of wmésrencg). diltiuey Bhmsphite emtriged imludshhpese bt [paitad tol disalcivfi36]

Fol |l ow ng particulation, the DBMis treated to renove mneral fromthe
bone. While hydrochloric acid is the industry-recogni zed dem neralization
agent of choice, the literature contains nunerous reports of nethods for
prepari ng DBM (see, for exanple, Russell et al. O-, tlaopaedics
22(5):524-531, May 1999; incorporatedsherein by referencel. For the

pur poses of the present invention, any material that provides a scaffolding
contai ning active osteoinductive factors is considered DBM The DBM may be
prepared by methods known in the art or by other methods that can be

o - o,




PCT/ US02/ 329~1 [37] In the preparing the inproved DBM conpositions, the DBM
conponent nmay be ground or otherw se processed into particles of an
appropri ave oyhaeswef ore or after dem neralization. |In certrairrusenbodi nent s,
the particle size is greater than 75 mcrons, nore preferably ranging from
about 100 to about 3000 m crons, and nost preferably from about 200 to
about 2000 m crons. After grinding the DBM conponent to the desired size,
the m xture may be sieved to select those particles of a desired size. In

certain enbdWshRaR $hydrate, mERFPEtTiFArEE PhejPHe teffasplsipm lﬁb@ﬁ@haté’ 50 i cron

Si eve, g[&%, 00 m cron
Si eve. [38?‘%1&}%@1%?% %:ﬁ&ﬁ%crz?sy}ﬁhgéﬁ g‘i‘"?’l\?@’g nea%% ec Stmlﬁ %P%%a gté%:t icles
from cel | ul mbsmm@dmdmﬂymm@ancbcﬂmuﬁlﬁieﬁcd:nfIﬁydsmmpb)t&itﬂ| er is to enbed them
in a monolithic |oab orbable nmptrix, and then fragnen

particle- colt‘"rpia 8 WHI"F’taﬁluée TRifrefSRs 19 tB%ﬂ‘t“}l‘éY 8f§‘?lﬁé§blﬁrt‘e§t%\‘1a§ehan 70
‘microns, pr r r ag ater
than 150 i ‘%%ﬁ?ﬂr%%e. Y e ek O B o o7 BB HBRE R, e B1°
enbeddi ng stmhé oDBi\Armaaltm coesiderait baretendvictivot Fyyakimbte, pmbyomromchmﬂveset ting

cal ci um phos Cenerally the particul ate DBIV! o' ner i gh
o Pl OB A EiTE Do ormmteors 15 Aitle e e pRsaped 40a0 i ok Bb e of
phosphat e, E&D@ax@BMdfM d“bstfaelnraﬁeﬁﬁrufmﬁnéxpDZrﬁ%emlszgBé cRandtbGrhiahipn of

the nonolith can be acconplished by conventional nilling or grinding, or

t hrough t heRetdoddl” E¥iyisad Orthoppadins &f Redeltasnd ST:319-8RB.Denembet VA8, zation. In
one preferred enb nent nbedded i n a. resarba

pol ymer. N S cge(r%“l(}leﬁ?lep %Fgfo%n‘é??b%%g r?eDrﬁw C{IYIVolBﬁomeileﬁalﬁﬁMS °§’“Eﬂ%‘8§a"ed in
one of the @@m tm@lgchaienulumdahﬁﬁrmmm@aam dfthe Rerued celfy 18ahldsebgghidgent s
[39] Diffusion barrier's. Diffusion barriers retard the diffusion of

degr adat i vePkeneives OaW@méwctmryénax dse bredefermiped indiseeq @éttw g5rihe abify to
inventive fon cl uded
DBV ey be aue e e AT ot BB e, PhisadB BPelead ) nitly) O
degr adi ng oadmmtrttwambrarg thehESsaebuNIl&e heethicdrwitiToel: mvcsmwmy bawot fohyramcet ardi ng

diffusion of the actiyv tors fromthe.inplant site. t hese ys, the
barriers erFH?? prife gﬁ’@[@laﬁ&g{ eQ e SupRtat an%éma%ftqf\?éteP@éP?}rVéfy t he

i mpl ant - si t BumdW iSninSraR2dd b hithiX” Y¥ed-4dohBr 68QNF1 0%-BONCoebat Wﬁr
speci es such as humans, where bone formation appears to requr re the

presence of ingexpovased hectioby réfsrente n@elnbraﬁume@f tha 7 vitrg@sshy3AdaiiBst 2 9BEen in

Gi 11 st on barY PEPEeeT Rseusi ek icn BRRL s Pyt Redeo Rl ingugs

choi ce to f o faprrgeFostgdashiey pﬁénop;tﬂetlytllssdeeunmsm@imewayalbteh@ugﬂaterdnw&orre
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barriers thensel ves ade 1n aipredictable manner to unmask active
factors at wectuiheellsdtoar tht heanrdwdod pkrivasoudrispacede thre site of hgugtznd nioen whiseathe

di ffusion b ier. Res bable 0 rs with known rates

useful as aRFiGSiBHoBas preeculeLT Gyt yrsamoesls Rk fub ey yaadt.
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fatty acids and phospholipids, which mx well with DBM In certain DBM
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generally |byeéﬂ¢@nt;dtje use of two or nore diffusion barriers vmth di fferent
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_same activel¥ct Qrsteornd;vrrmm'éa@grs@a%ﬂo@ sepreyARgiag fremr Qo 4 ¢ datespangdng
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degradati ve enzynes and/or watex to the active factors contained within the
conposition, thereby retarding rel ease and/ or degradi ng of the active
factor contained therein. [42] Polynmers that may be included wtlun

i nventive conpositions include, for exanple, natural polynmers such as

| i pi ds, polysaccharides, proteoglycan®, and proteins. Preferred

pol ysacchari des include starches, dextrans, and eellul oses, and preferred
proteins include collagen. Polysaccharides such as starches, dextrans, and
cel l ul oses rnay be unnDdlfled or may be nDdlfled physrcally or chenlcally
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WO (13/U309SO PCT/ US02/ 329-~1 nonths, while many starch and lipid
preparations degrade rapidly, on the order of hours or days. Starch in the
nat ural s@b®oiossea m xture of two pol ysacchari des, anyl osecansozaspphopecti n.
The susceptibility of the particular starch to the starch-degradi ng enzynes
such as anyl ase, pectinases; and ~3-gl ucosidase is an inportant
consideration in designing the inventive fornulations. Those skilled in the
art are aware of the variety of anylase susceptibilities of starches
prepared f naplanaivaed i A beRUbARSIA & TRErRN ¥1%:0s%, kPamhisdas dieihoduce
fornmul ations having a desired stability tine. Preferred starches wl

degr ade as neiichPng formoMiopeandd 4y repsesens PabYyof5ogdane invdbvgd imnevipose pref er abl y
.greater th 04 p V... . ThOs arches | e syuscept i.bl . degy adati on by
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Sydney, Augbr tkiimproved ilentiecfdrhdlatitos pRtibWlagyiReswiii@sRsinagingyct i ve hal f
dife in vivo to an even greater extent than inproved DBM or synthetic
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a | onger hahéludeé 4 rorinfak DBIM 0ositeol SaetPay BEM gowded sethbtit @vaer, BRMWobdible, a
unnodi fied starch. e preferred nmethod to affect amylase susceptibility of

starch is tOFBYGROTHY syeasdIMEt Slcepsipnadly @steamBieivity svay, aleubeizaeeas atdatet he
conbi nat i on; 1+l f i, ptd bil S given
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Aci ds | n ViosteoinGuetivityoefeestotan oResinsinetinityStcarech a EpreraimopdintexpMstedas a

130( 8):2006- 2008, August 2000; i.ncorporated herein by reference. Simlar
consi der at ipgﬁcsen%gﬁpgg#’é”%%?%@eﬁﬁﬁgf#%ﬁemeoﬁ?ﬁ?eada_ti ve enzymes the |ipases. A
l'arge vari 23] of parapRor fibdrs ref@Rdo b ipkPa¥iiRhiof DBNM HBMY &ni &&id?)%,g&%ﬁia of

susceptibility to |ipase degradation are avail abl’e from corrunercia
sour ces. SéREDEbaidiarberngmilied) graends pelvsrizeds peothetwisrercilucadd erpartia]ate

preferably fiod a Qsj he | ycar honat.es, pol yf rates,
tyrosi ne pgp igg'r 3?%? ggmtg‘ﬁBg%%ﬁs/ngﬁ%ﬂéé‘q‘s{y@}%ﬁggpéﬁtaeé&aﬂgbﬂnﬁ@?n%?fé%ly

pol ygal act igleaterathsh ZOmiwbnsRicse profRalebrealon i 100YBRLS, Mdend pegrRgabl e,
and their prop%(rj_hi es_can be nodified hy altering the chain | ength or degree

of cross- | iSRS [T By tbesedimenronyiele feavesaae particle digmstesformere
nonomners. Lt d : - ! Ipations of
Fesorbabi e DTS aanR: biigs R TRIRIGA deferRE SRCE Rt ShOY PRI

addi t i onal ligdicathditirefessrio theesntdlepasodsisoctionabyinzasish abiteipaetitlhyintdeetaimddi t i on
of one or npre de%rfa%?tion i_nhi bitczrs]éi activle against growth m_ WO

113/ 113119 ST BT sies05Resiiop maydpelyde FYan oregiesi? lety BIRfLaPly BERRS T ¢ he
host or ganitsdn BRE,Qiredtdt thdiel .5 Mith AHmER PRISLbIy PreaictIRSE HMNIDLER ISLRY al so
inhibit the activity of enzymes responsible actiyvating oste0|nduc§|ve
factors of dienymm Eesmpseidles aflbepagrabiast a1y depeiotinding wedgenrddd, spirsesusef ul
in the pxacti Lnvent | include,. for .exampl.e,,acid
prot ease | (r\?ﬁ'll!ags?td %&@%@@gﬁﬁﬁgﬁ%ﬁ%%k@g%@ "*F%R'f‘%%%‘lr“ gfé Wecteiét?]lnoeﬁ’?%q &4 S"iqln‘?"li bitors
(shown in Hagivies ifay bé wedgesshaptfuridtekepproximately 7' Med initheilNlREeat hiRmeloai nases
and their |nhi Bht ars- Ctuxent Status and Future Chal | enges” i

Cel | h- ansr PEdV8 Rucreng py less ip another-dimsapign e dbmpittirlss pyfibers aranesieved 95t ei ne
prot ease i RB}RH I R0k bt of : ks ki kit ors.
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i nvention imikdsath f sptutierasiplre, defymablersiolid, or liquid to form a paste to be used in

4- (2- a~. ni nget.hyl ).benzenesul f.onyl _f ri de { AEBSF), amastatin-HCl, al phal
-anti chynotaa%?#%m%ﬂf R 1%&\en°>}‘/'ﬁ P“5 H8Y .t%{ﬁﬁ}%Mﬂaglpﬁ%tlon, or bone

~4- anunopheryinpes R red byl of hdtEl i ; gneni ne
B, E-64, bestgﬁn, CA- 074 CA?%%%E%%%E%{% ?t}]cﬁ{ag?taiogrswﬁ@g;}fsgg?lgh@

i nhi bi tor Hatengad,Aehadh Si23hid0t HR84,65% bt 461 md HF0ERIS; epst 6f witich thosphat e
(DFP), dip ' tidase L.V inhibitor, diprotin A E-64c, E-64d, E-64,
ebelactoneqﬁ@£§%%g§@F§Hg%ﬁ¢ﬁE@¥ﬁ; el astatinal, foroxynithine, hirudin,

| euhi stin, |eupeptin, alpha2-macroglobulin, phenyl nethylsul fonyl fluoride
(PMSF), pepstatin A, phebestin, 1,10-phenanthroline, phosphoram don,
chynostatin, benzarnidine HCl, antipain, epsilon-am nocaproic acid,

N-et hyl mal ei m de, trypsin inhibitor,

1-chl or 03-tosyl am do- 7- am no- 2- hept anone ( TLCK),

1-chl or o- 3-t osyl am do- 4- phenyl - 2- but amone (TPCK), trypsin inlubitor,

sodi iun EDTA, and the TIMPs class of netall oproteinase inhibitors.
Particularly useful ones are those stable under acidic conditions and
effective at acidic conditions. As wll be appreciated by those of skill in
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Lectiras. Lectins are proteins which can bind to the sugar noieties of

gl ycoproteins. Since gromh factors are generally gl ycoproteins, |ectins
can be emp0oyew93o bind to the growh factors and potenti ZCITUSHBE2MU or

i nhibit access of proteases or growth factor rel easing enzynes to the
active growh factors. Ideally the lectin will be selected according to the
identity of the term nal sugar on the active glycoprotein of interest.
Lectins include, but are not limted to, menbrane-bound lectins, |-type

| ectins, ar@3lp- tRpdesarderidasas uspblereingrefess t4 mmy polyherte oligbmet ¢fmarbohydrate

cal cium de t i sel .1.NS, tins, and annexins. 2 WO

03/ 030951r RE%?%SJ%‘? %é’s?gi‘* R icgrg%?te"g.a“ ﬁé&gffcﬁ’ﬁhﬁ”"o‘i"q‘b‘ﬁ&?@? g’ntg?“&ﬂ%ﬁ todi es
-speci fic t oupiteunitst Py sdoaBirifes maQ betpRrifib@ S@nPiAtRl furded Wk dsPlatNek tgy t he
active factors (see above) nay be added to the inventive fornulations to

protect speisypegrsidardads edatiorgmy dplsgetharidenisolpisi duwsl nejushsgness. [ 45]
e L (o BOBEHEN AR Pk bR AL Bk B o AL il eslE 431 20 1| 2

t hrough exposure to condi re, fiffer which
degr adi ng gdestimrgatedodrodstinkied)o Podpiatdhiatiiys may tlse bele‘gmeadaaignyor&mwmes wi |l
not function effectively (e.,% , |l ow p%[46 Addi tjion of enz~rne

i nhi bi t or <CheBRHed ReY Pay semaindaiharatur ndieninngigal satbehydrate residisppbat i on of
any of the bl i : j | NE; i i r

aCoonpl i ShadBe: SUbEe R rEidial maB ) WBiCHPLEH Bl RERoupl & BAREICRmal e
appr opr i at dinkagoopataidilabldiofsyathetischendists. bExdmplamof polydacsharidéd intlade i n t he

t. This buffer will be nmixed with lyophiljzed matrix i latively |
1 i to- <81 P dratie Tl S oAk SRR YRS sl Bpesd's Then

| yophi | i zeob@@@kaﬁﬁ@&%ﬁ&np&%&%%ohh&eé@ﬁbl&%c%wsor mul ations. [47] One
unexpected féature of the instant invention is that the incorporation of

any of the RAlentioteasemiigitrs, ahidsdtheran, avoaimmicalicpgmpsuidstoapatds of iphibitisgi ng
agents oftet eQas t he a%‘ddi[};‘ itonatl. Lﬁat ure of i rTF.r oVi ntg trse M fornul ati on
Shelt 111 e By homilf aPiyhhedlen Fo s Rvmet Tl P et 06 PR Y. enzymes
to the actiivkibited bpaRsdeatpitinds idchide sele prsteaddsiseid froRatdsi SulaBbpibtdakese for

DBM fornul ati ons which are prepared containing water (e. g., DB

preparati ons: an col | agen, or
i orf§¥3nplRs o spmsgaptrix apqtaliopgotease nhikitery ara showndn Bigwe @% col |

hydrat ed stakgdy ' : ; t eni ' ] - i.nid

in DBM are %\ CP g‘g{t{d@%’ %%nrﬁ %ﬁ@ldﬁu%;y E)tglfn# ?g(tﬁ F%gt %g ngﬁ]‘t‘)?e\é?ee%ggoggf ?ﬁggl!rcger

to be ost edipadiiciliywe.inffibi# oalytd spatifio prattase s ebsndimbicyesf@dt aap actayorenvol ve

a conformati ona hange,. a post-transl ation dification, a cleavage of
t he pepti deg,enﬁrahﬁg’ﬁd‘ggﬁw_ngé‘?‘isf gl“9f %P PWEF&F%%&?{?TE@ PIRdsaSs mhibitorears qutg%‘m t he
DBM r el eas@ gep@da Basbd BcH 89 cBhfleRliflly SaflablEPonE UMMLA colBenibaalAls My be
in a pre- or pro-formwhich requires proteolytic cleavage to be active. In

addi tion, thlriesSignadbiotdiy er peptidebasaddphibiorsyduch adhert twithehDBM{ardi ng
rotein or i the matrix of t . The sane ,.processes such, as
Dot ool el Lt ioBblale &R L lard Bt BNy PR Bl FEGR R RS

i nvol ved i nwithéheanitiiv gkdvadingh stabitizeng efficofos a 13ter @EO6Eo tithé thah Eresigme
nmet hods des(& i bed ,S]gigye t hat can be used tq.sl ow degradation nmay al so
affect act i GEPHBly iphipers. Examples of profqass whthilorsinelude aprgiiping?-42-DBM

conposi ti onygiRukilyndBEsultiif falAR QIERSF), aMR AR HRL LG Rt nig/piad-t 1
antithrombin III, alphal-antitrypsin, 4-aminophenylmethane sulfonyl-fluoride (APMSF),
arphamenine A, arphamenine B, E-64, bestatin, CA-074, CA-074-Me, calpain inhibitor I,
calpain inhibitor II, cathepsin inhibitor, chymostatin, diisopropylfluorophosphate (DFP),
dipeptidylpeptidase IV inhibitor, diprotin A, E-64c, E-64d, E-64, ebelactone A,
ebelactone B, EGTA, elastatinal, foroxymithine, hirudin, leuhistin, leupeptin, alpha2-
macroglobulin, phenylmethylsulfonyl fluoride (PMSF), pepstatin A, phebestin, 1,10-

phenanthroline, phosphoramidon, chymostatin, benzamidine HCI, antipain, epsilon-
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degradati on and activation to achieve a desired | evel of osteoinductivity
fromthe inplant over tine. In addition, such factors as pH, ion
concent r YO 08030886 ot her factors which affect protein functiCarusaeaiver
folding may affect the activation of osteoinductive factors found in DBM
These factors also may effect the release of a factor fromits binding
protein. In certain enbodi nents, for exanple, where pH plays a role in the
activation of a factor, the DBM conposition may include a chem cal conpound

such as a paliNedprotadl, NuckilylRsiedkids eMpsAvRKibitorTB-ARKo 3abAARRIdBLY-ARind-
by- product; thereby, activating the factors within the DBM conposition. In

ot hez enbodrhapianene albbidgetierati-tosyamidret-rheylebuanoae (BREKpiryasipr ot ease
.that is abliﬁ]if»ﬁ%r} g@e%o\@&rﬁ'ﬁqjh@hostem nductive factors of the DBM

conposi tion. €ase o e osteoinductive factors fromthe delivery

mat ri X may{25]jso Apeptitear ippdrein ficcbidingdttBO hiredit inventiyn, cMbpyisdsachoiSofmy be
.found bound to the DBM t hrough specific binding proteins as described above
or t hr ough l¢ashtveparing; asids dinkedogrtberdby pepbide borsds. drventize pepsides prefrigbleed t o
be rel ease LLX 1 0. 3 ive -whi . th y be
active.wni L2 EETAI SR Bited 8 BB bR PR BRI Bl ERbe s Y
certain fadbaros pcamndn hitere i et taesetncdrberacdl ih® apolypepties aigin)wintifor ainhiey
factors bound to the matrix. The cells may need to interact with both the

mat ri x and 3FREANELAEE 8F atedmpNijB ransteaprisanutvebhbe srRloyedt eAlsd angloaEEe Bt he
ost eoi nducty : : i ' ri : ts

whi oh a1 f e B L R AR R LR h BT S LR Pld el e
proteins. Ashdosel pitity satioasey carbohydratcagnoup ropdisplete groupta famepylefreuy, ed t hat
a diffusion harrier be degraded over .time_so as to release factors or allow
Fecr ui ted ITRDE] Z1HRe P 48 44 O HAYET F3F CORRGRIRTa TS HORAIZARS: 8T PRES | on
barrier maynmadifiGat’nl ey proteases into the DBMinplant to activate andl or

rel ease osteoinductive factors. [50] As will be appreciated by one of skill
in this artl26}k heS'@BlEing wperdiis anyre abentgy dpparelentioclbdedbince inegtizelat i on,

wth a dosiPERoskBLERRRrRre PG BRROT biotn EY Bkt Bl Fg SR RE b

conposi t i onhéreympesitéati dsadedsaredagpiastiaisputified eafplehcdaile. Iairhddt Odseé, A ant, or
patient. For_instance, certain application would require an extended period
of ost eoi ndBEFSNGF FYPREGIMGt FonSRHN HicekaPIHBDABBAMGSOUL ihal} @iher 1sensets will be the
applicatio ; ! Lylty : skill
TR the art o R RS Bty The e e et a R encrily B Ty

ti me profi llatle or @@osteM@IGINES VOB owil esd wodks ikl Eweasin@GE/haE1112 /08 268e-1

[ 51] The invention.al s rovides.a sinple.ifz vitro test for the screening
of sui t abl & SESIB Y 115 R VAGEHES WEEMPS PRSI SOl oA FOmWBEE e

bi odegr adakjtigersi@idrtehNebnagRRHoni1Sck@RAs SALURHR 2t hiH! B Hd1RBMS ¢ ogi cal -
conditions (e.g., pH_ 7.4, physiological saline) to an enzynme or conbination
of enzymes delryire the rgdease b abipetiveifacien riadicrigin sorhodanends, theoftabilingagsmei n
constituents,0 . Of ' | PRI ase such
Crypsi n. pasa tet S Enrt e Bt ek plotelie b ol BERAER By RN ety
conponent pretekidayhe iosteomdpativedadielis\iean infoe ohwie paeRxakah degradativataadioal s
retarding the br eIakgTown rg_cess are considered to _be good candi dates for
further tedFicAt IprLics crbadimints thestadilmngreeak maihe rrhemisal somaoyat 85t cal
det ecti on QfhibiEledicd r A bk nzymes

i ndi cat ed gbolve,. ot ﬁe?giéﬁggﬂ&%sﬁuog%%gwggiapggﬁg%%ggg? tag;)(})'& 1|Ef?1c§1ti ons of
enzymes as enthddimentgihg stabildrspagentiytaad ssthe becesseitknzPaes knuwratolryleasaindl i n

this regard js.the, natur degr t or ctivity of serumor, tissue .
extracts. lﬁﬁh'gbtlh%eﬁtg% el a?tﬂsor‘_gl?&%fgé‘éﬁal?ecéw%? 5 R glﬁzﬁQE ERYIRANC he
.DBM may be dsacafospbyific TRUAO bRk a8 hiTREN G Stk BSciAdicQitieRineASSay or gel

el ectrophoresis utilizing western blots, or other analytical nethods known
in the art.Altgpptiwdy, nesgiswgmentof aadneredse dapstorindictivity drlfdife os mebiuremerts i n

.the above M fornmulati on t ajni. .he candi,date stabilizers
e oot oq Y paitalCDRIAASR DA ARR IR B OURHE pRBRRERe Balh o

Cst eoi nducesartilags teostatigeniv @dl1BMdnBY ob hdackdas titirddy isasiseRil pdusigr@ragent s.
These agents may be added in an activated or non-activated fornl. These

agents may be added at anytinme during the preparation of the inventive
material. For exanple, the osteoinducing agent may be added. after the

dem neralization step and prior to the addition of the stabilizing agents
so that the added osteoi nduci ng agenti12is protected from exogenous degradi ng
enzynmes once inplanted. In sonme enbodinents the DBMis |yophilized in a

sol ution containing the osteoi nducing agent. In certain other preferred
enbodi nents, the osteoi nduci ng agents are adhered onto the hydrated

e




PCT/13JS02/ 329~ | DBM after addition of the stabilizing agent so that the
ost eoi nduci ng agent is available i medi ately upon inplantation of the DBM
Ost eoi ndwoOngogsnt s i ncl ude any agent that |eads to or eREAASOY3HE
formati on of bone. The osteoi nducing agent may do this in any manner, for
exanple, the agent may lead to the recruitnment of cells responsible for
bone forn~ation, the agent may lead to the secretion of matrix which may
subsequent |y undergo m neralization, the agent nay |ead to_ the decreased
resor pt i onstaifilizingeffeass for aRanhinced estéondnctvemetik egrrasitingy dha greagjErpent

i ncl ude bone r phogeni c _pr ot ei ns MPs) , A9 r
(TGr-(3).  ShutiopBed ohee B apprarstce Of e St SHRPEE St Wl ecrRbhibe
and ang Ogﬁgic&ﬂr@&ﬁaﬂriﬁcx@bde%sﬁ%ilME@'_a fabidr GABIET itk bidethyedhadisimtofthxanpl e
12), the inducing agent is genetically engineered to conprise an am no acid
sequence whitohagrityot es t he binding of the inducing agent to the DBM or the
carrier. S ld.et al. in PCT/E 0 I r : i ref erence,
descri be tﬁgfprgﬁ%‘%ﬁg)?ge&? lseailé(r?g?[g{rcgl egﬁélr trﬁllgg?\glgﬂglﬁ%ﬁv&%% lpgé?g?gt?‘)ésui tabl e
for use Wi tdmpRiMonkormuiaict B cobgbsilisrroovedtiodarsigencausedinpiosintivons of t he
present invention may be fornul ated for, a particul ar téae The formul ation

may be useebmprsiiandp TeRaingh g PrRiRlar HleovEndhg recgient ROR¥a WREHE 3585 of a
DBM prepar ati on. LG s hae etde

formul ati oﬂ‘aﬁg%&eﬁﬁaﬁ 2%( glg&%%ibteﬁﬁﬁ%a gﬁ&eglg’p I#%gglgloﬁeiteg‘lgi%ﬁ%cqﬁ%{)eméc6ount such
factors asTipiealtiygetingd agontsury antitodies;ligands of Iojosnmyrecepiters pandireasptoss. hBlagse h,
the risk of 1 nfection, etc. [54] In,venti.vee&forrgosi ti.ons theflez‘)oar1 St TRY be
prepared t GTERAVE agents mayPerasiqsiastd Wil 1hg JRVESHVE SORBYRRTL B QHEP YOVATEST or
even t0 hayg, dhddih SibrebAbRSo!Raidhd heafive BAPbIiADS isclircdfediiombtibulaFor
exanple, the tornlulation process may include the selection of DBM

particl es oifsua, pa@pt,iicjural site] arecetitymonposi ti on, conbined with the sel ection
of a particular stabilizing agent or agents, alld the anmounts of such
agents. To give- but one exanple, it nay be desirable to provide a

conposi tion whose ost eoipghesibtivh of @eitainSP Aitarrad Bimvisodimenty el at i vel y

constant anoi ult over a ghl ven period of time. A DBM conposi tiq?n oggri si ng
factors wi t[B8]l orfgedeséribed Herajmghe pigsIREIYERIHRLY BEVE FRYDROT RS B‘&gﬁf dabl e

oL, ) SR ame i PP Splaglpa by Berounc

particle sicegaifiRypdee dfpefetrad embodithents ofithe ingentioe areaddsciibdddn ofore Hetail

i nventive DBM conpgsition. In certajn_preferred enbodi nen i ive

f or nul at i orfPndayith wwEreRse t‘éﬂPﬁF%B‘t‘FF%Ofg*e Bgf?‘f"inél (ﬁ‘?s (gig%g\imyhstkﬁl ‘e{ﬁ?%%’? éelcﬁ%ghal f
life. Such g miodure el diRbRY bORAR JTiRaRYeRIones Bbt¥pecittaBadisiung:dof

ost eoi nductive factors over an extended period of tine rangl ng fl’OHﬁ days to
weeks to nubeldvs buteve nokatielens within theseepeott thwpresamt invgntiap ppdefied ddbeuch as
this can be forpul ated to stinulate bone growmh in a human patient

conpar abl e QPBG‘%%B & growth induced by treatment with 10 ~g of rhBMP on a
col | agen spgppe, DBNisRbApRkEDpNnG MNP L pivteint andl@Pcdprgieimncbliaget bamgether abl y
1-10 ng rhBWMP. [55] Physical properties quh as dsf owbi I-lit .an vidggosity
of the DBM primarsipseieiesubsiyent of DMdile sRLlpsra 1H 5 el stpbley Yempedisera
application. ,T artL: f %’%Q}y ey Welflictefsher
materials a ypg(t: eg[{efsa'utg %1?7?::#%;8&/12& 3’%‘ er C;ﬁgsr,m%r?%éﬂyoaééﬁ %t\éwei npl ant. For
exanpl e, t hgreéaMpiroDBV BBMuiskledémhdediy eheymbsqadsent irhthohibstr Tagrerost-t o

i nprove wound, heal i ng. These agents rnay include drugs roteins, pti des,
pol ynucl eot ferived eagynigsipelv %H‘é’gﬁaé%slanéé‘ﬁ%(?ﬁﬂ?g?gln@i e%g?%@g‘h%‘ﬁgb%ﬁdee%s [ 56]
The parti cl glgc&idagwgﬁffaam{seef, co¥Bes DRI 1B, Peétidabes)Bilacthssiddies, bronmbdarynt o

c

vari ous shapes an I gur ati'ons. ."I'he particles can be forned into rods,
strings, shegths activeagrewth Swolorsiespansibiesior tiessteolupidyasactiyity geBBM exisiig

certain enbodi nepts, .the shape and .si z . i I

conposi ti oncré(PTf“ég’fm‘f H’ettﬁf:ir?ﬂg“gblﬂﬁsaéu&te(gs‘fgé%\?aﬁgﬂ@tgrili %}%V';a %/V%'%E%?h% icr)rpl %,e_ Tn a
.cone or Wedgﬁ) SHARM oftthefdcan e6radleaRdbiid funttimifromianseontdefattor omwdnitity which
shortly after inplantation of the DBM conpositi gﬁsrs\ggeneas t he thi‘%g r end

will |ead tbindsteideduserewittfpetornt Ehe inpantiavenbign OEBE SOYrES ger s to
days to weeks later). In certain enbodinents, the particle have a | ength of
greater than 2 mm greater than 1.5 nm greater than 1 mm preferably
greater than 500 mcrons, and nost preferably greater than 200 m crons
across its w dest dinmension. Also, larger particle size will have induce
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bone formation over a longer time course than smaller particles. Particles
of different characteristics (e.g., conposition, size, shape) nmay be used
in the fovoasiwwnseof these different shapes and confi gur at iPOHAISOERI4EXANp] e,
in a sheet of DBMa layer of long half life particles may be alternated

bet ween | ayers of shorter half life particles (See U S. Patent 5,899, 939,

i ncorporated herein by reference). In a weave, strands conposed of short
half life particles may be woven together with strands of |onger half
lives. 26 thpagiverastosoeseniaDBKORNIRert thefraBieoinducting getizite eitleest burdodi nent

O s "pat ont ah ke Akt B ST IPRE R bR TRhMA T SR e R, .05 2
.14 (enbeddednp@iredidentebifieGatab @) mbrtiesvor Tj}ﬁoﬁ)ﬂ%ﬁ@dh@%Mah@ of irnorendiedded

within a diffusion barrier type matriXx, such that a portion of the matrix
is left expdivgfacesirem thaimplant ox 3 haltesing e kipefics o€ agtivietign pf erfecarmagre

bl ocki ng majricg e . . i j ine.
pol yoar bonareete Pofhe Riihity RUREBINAAr. FORRATe IEbARLIR 1 of e DBM
ot her r esor batpmitionlby () sltedingthpkinyiirdf actbatibs e cigpePficests,i(D) dlferingday from
t hese natriges have a conbi nation_ of i mmedi ate, and Ionger | asting

ost eoi nduct FIeRr BEr release o gotivedagiar frpmthemptiixg aed/on (3) redyeisgrrotegyivne
mass format] i [2Tol NS . i i £ ndi P@@@s. [58] In
anot her enbg %%ﬁ?gg ?ﬁe |A%é%%?@%&g%ﬁégﬁp?5%“%%%?%%§%8§? ions having a
pr e- sel ect ecopusgmndinnemasédirale fsimappnaresumably acets yrongptha treduiappaitiofat i on
~of i ndi vi dual Iﬂgers of DBNl.foE exanple by 3-D printing as described by
Cma et al MI°Er BUP Hi5 STe92op PERPIYRENG 5, 51 8, 680, each of which is

i ncor por at egsgper ¢hdindnt Bl &liRAGRovideoRRsIpFoathesb thd brotechiah 8f4ctive BRford 37,
incorporated herein by reference. Different |layers nay conprise individual
stabilized BV Jsgemdation boeither bestaletizehar sndeggnonagnzayoepr FaeolBivbe ayaseosed

treated with stahilizing . agent,s after depgsjtio f | ti | a . [ 59]
In the pr oc’er?gtbSFn REERAFR R& lolnﬁ\(?gﬁatcgo\r/sea%ﬁﬁﬂt(hg‘ﬁ%ef ?Dﬁ@f’f %ﬁﬁ?scrbct erials
may be produgesk @miposiions. aBeRicti6Rld prodidedtrsilplrthd tsasd al) difblsion tagdids,a)y

i nfectious agents such as H'V, hepatitis B, or_hepatitis C The

sterilizati SEYmeBRbERS osPMPREHVE ibsigatan eRdpiod) rmasking maighies i dhese & cal
stet ilizati eng | : } 41 [ QR Ot her
met hods knoaﬁﬂﬁ Pﬁ%m%¥F§g$¥%repé%%kgﬁ%%ﬁﬁéﬁ%ﬁﬁggy é?g%g%ﬁ%%&§§%€@%X%on,
and | yophi | f=&irs orcrptic falmm o Fbeexssgde, i dif fpsi@plaariiery ok haiviatipg enatheDBMbit8isnc e

t he biol ogical activity of depineralized bone i.s knovy~l to be

detr i ment ol PRSiAst{s e Re ForarRitis CeCBPF (40 Oh LPLE0EaRon B e must
be taken wheRpgt ﬁi’c’cdré.zll’ﬂégerﬁﬂ]f,_ deBy:RIakibY, @elc ARPARI dctifRfon IMchiEhelkEWithin
enbodi nents, the DBM conpositions described herein will be prepared

asept i cal | ythsrDBMegompiogisign asbalenced ith gigld ndsiedpiteoinductingyipraiie P¥dinds0]

| mproved osteogeni c conpositions of the present invention may be used to
pronote the healing of bone injuries. The conpositions nmay be used in any
bone of theDRhinerAd B3nORHE PCT/ US02/ 329-t] body on any type of injury.
The i npr ove@ IPBMDBMPAphtdions ha% Hees Nsdlerst Sagdydes B BediORRdictheRb AN

patients with simlar timng and at a level sinvlar to 10 ~g to 100 ~, g,
preferably POONPY ﬂ@dorxnwn@g bpaBMPotoTYampleo PBA bas Hyad gee intbe repriampl e,
specific bo ] . i US| i Lve, npterl i ncl ude
the. et hroi d-ter sy PR, JFPBALGEE. i PR b B SR o P g B

mexil | a, zydestakiion duentousderdfinp aiseassahiticassrhewrpatvidcathrivier DEM asthotigtataci ¢
vertebrae, | unbar v&Qgebrae,_sacrunl sternum ruﬁs, ck?vLcIe, scapul a,

huner us, ul BEMetE Beresfornaation i vixorasostenspadush handeRndysH s BIRGes§es i | eum

i scluum puly k WY i S,
and ot at ar SRR oCcRILIl e Rrfirkds mbli Rorks 2 STl SRR Gppor®ohe

i nproved DBkbwrbohe gewhlonOsidedandustioreis phtticnigrlf sigmficapuwien borewgdwthabout
during the course of surgery, .i.nfection, malignanc or. devel o nt al

al for mat | ofiSSUER@eToNy & IRFES e Rt iERiSie ol STaS O B PRI i Eproceed

neur osur gi cghly SRFIFRL hét atand Hok %Ené‘i@lqjy BaitvEd BhedidkteserauERle fRERGREUSES
such as the repair of sinple and conpound fractures and non-.unions,
external and internal fixations, j oint reconstructions such as
arthrodesi s, general arthroplasty, cup arthroplasty of the hip, fenoral and
huneral head repl acenent, fenoral head surface replacenent and total joint
repl acenent, repairs of the vertebral columm including spinal fusion and
internal fixation, tunmor surgery (e.gi4 deficit filling), discectony,

| am nect ony, excision of spinal cord tunors, anterior cervical and thoracic
operations, repair of spinal injuries, scoliosis, lordosis and | cyphosis
treatnments, intermaxillary fixation of fractures, nentoplasty,

M o o o o T o




WO 03/ (13(19SG PCT/ US02/ 329~1 tronbospondi n, proteoglycans, decorin,

pr ot eogl ycans, beta-glycan, biglycan, aggrecall, veriscan, tenascin, matrix
gl a prot Y@ 0¥NYWPIr onan; cells; am no acids; peptides; inoPganise2/advenents;

i norgani ¢ conpounds; organonetal lic conpounds; cofactors for protein
synthesis; cofactors for enzynes; vitam ns; hornones; soluble and insoluble
conponents of the i mune system sol uble and insoluble receptors including
truncated forns; soluble, insoluble, and cell surface bound |i gands

i ncl udi ng DBM preptrdodsareprovideeykthe estpali shaperdndidoherenceanfithgiemglantb Tbuzt i ve

conpounds at are endocytosed; tissu x tissue fragnents. endocr.ine
tissue; engﬁgéggﬁ‘&sﬁu% RBPrIgers ,g‘egé%?ﬁsa%@&?m&?1g’§88%‘33"‘%‘.{°8¥18‘§c“%%| ymeric
cel | scaf f gl ghsrtith bl PRIBOCINER fitzEhd, Fior@BahGIGIeYeartliotEs StdMARBadeatscarri ers
cont ai ni ng" bioactive agents; encapsul ated bi oactive agents; bioactive

agents i n whishrtendstapeestnierthe suipk andar ¢aheranceef tha MBI srbeiteayé paslead to
-cyt oskel et §|ﬂ§ entgoépcarti)l %ges fragnments; living cells such as
chondr ocyt g 58e WG REOPYEFeocl asts, fibroblasts, bone marrow cells,

mesenchynal3xt eThe edtédindiRtive efftdtoF idplahrd DBMrbaipokitioadii elsdughsto rbwilte
nmor phogeni ¢ proteins (BMPs), transformng growh factor (TG--beta), .
i nsul i n-1 i emytheRisserca of aptive gopwih fapiors prysenhemihel ignlated poNagan-GresdtPrtTact or

(PDGF); fi I r ¥ . pad.. g act or
(VEeH) | epiasrrigron e in ALY it K%ty MMP BRI Subhas DERMLNSY 0.
g. , i nsul ierathplseofysteoiiduchiactotordinodiaFGhcRtiernl, (GERBBMP-2| BRER7 3,

| GFBP-4, | GFBP-5,, | GFBP-6); angi ogeni c .agents; hone pronoters; cytokines;
interleuli ﬂ?§1§aﬂ§}’é?i€thp'&§11‘ﬁ?§t(é Hay andpigiogenif ?fél‘?rﬁgogk?ﬁéﬂﬁ?lﬁg&tivﬁ acé‘&% YR cell's
cont ai ni ng i ty [MoTel EM%E ' Lywallt ered
by the hanéllggélgérrclatalr%f;ﬁp%@tdeg?ar(l)gffz)ﬂ%gn g‘%glggr%ollg{ldag,atgﬁjtg ?éa}’?tnqgrlﬂ xe o%}%g%t?%(%el l's;

gr owt h hor fihereese slae hkaly tebaethot vpined op undiswhiversdtostesindaeiivetfaeintsipresgeint s ;
fibronectin; igleﬁl ular attractants and attachnent agents;

[ m*runosuppr‘%? ts; bone resorption inhibitors. and stinulators; mtogenic
factors; bijggict Mg dfachAes dflastinddiliZel boddhagixi prepadtons ey e RS seRhIBE

mol ecul es; cel| adhesion nolecules, e.g., cell-matrix and cell-cell

adhesi on mprastigs efthe gresertidavoptines HENY reparaddycay srrthodmey boerployepecific to
cell surfa }: . | §; i nonocl onal
ant i bodi esﬁ%@@%‘? P@l%&ééfﬁ%gdr%ggé%gfa (1519 %’%@g&oﬁﬁkgg%@cﬁgﬁ%ﬁ&gt em cel | s;
clotting faeémtsionndhljneichaendllyddaninantizaioprbpaastionenaixtires edfully The pamivilyJ t  of
t he bi oactiyve agent included with the M conposj tion can vary w del.y and
wi || dependeByincgtfizgd P%?@f@?lgn%énql%n%ag%%e SERHEaEES PEPEAtoRsas d«gﬁﬁrﬂa%s?{)y

adni ni st r atgQBmahhe PR ke Bk 2926,0M RsidPhdbaf5h, 6T/ ihksQdt-arOmetein by
physi ol ogi cal condition, etc. the optim'un I evel s being defermned in a
speci fi ¢ caskrdsaele Prefpoed DBM compositichsie describedeby Rpwdiet o/ [Uh3] Paert exanpl e,

i nventive ositions may.b repar.e that .t i . nor e
Lo\r/rpouln\és g e@@ggwg}rchlﬂﬁ W?i%rPBi/aB‘a(fgh%@H%yer%ﬁ%g%f‘Q P dlséﬁﬁf'&ﬁ%@?ﬁ%@@yoﬁépu c
and neur oefdoafplriaigfadiclésaitaantdrd @fch( polyhydeylydoaii@unds polyeRichatdes] i ne,

pi | ocarpi ne, atropine, scopoliam ne, physostigm ne, succinylcholine,,
epi nephr i NeBlyPSRBISO B Y RTAINSE B pHC IS ROBY IAGT B NOAAXOMISET, Fesinsy @A, calcium

al buterol, 4 ftg%%ph&hﬂaﬁ&&%f@gfn); drugs that act on the central nervous
system (e.g., 'cl onazepam di azepam | orazepam , benzocai ne, bupi vacai ne,

| i docai ne, [Bd} r dazkiman embpdivenss, the, DRM maiepitinitilized td fonoxletd inegntiyvar oxet i ne,
val proic acid, carbamazepine, bronocrjptine, norphine, fentanyl,

nal tr exone,coﬁgoé%@ﬁg}as)g_? g ipn ﬁ%t Pf quﬁl%tg@a'ieh?ha_ﬁ v 51pe P’@g%%}?ﬁé?afeé ..,
aspi rin, i nganeddaagdon oobh W08 Eihd rﬁaaﬁgpef&ra}ﬂysgtr@dt@tﬂﬁa 9%, Areleydichadi um

t heophyl I'ine); drugs that affect renal and/ or cardiovascul ar function
(e.qg., furgsospls retroived i Bl bawiused indereatizyg thoRBIM stagbe obtaaysddpom lany

enalapril, lisingpril, diltiaze ni f.edi,pj ne er 1|, di in,.Lsordil,
Gobut an ne. et avnesr Stid SRGF Dt ERYEhhGer Ry PR B soufisdTbple bl "¢
-l ovast at i n, mgichadd e dventudEraipRih@ beihe ifVdAtiSe Ehaposiidie At astimamnitesbiiaal

function (e. g. , oneprazole, sucralfate); antibiotics (e.g., tetracycline,
cl i ndanycin, anphotericin B, quinine, nethicillin, vanconycin, penicillin
G anioxicillin, gentamcin, erythromycin, ciprofloxacin, doxycycline,
acycl ovir, zidovudine (AZT), ddC, ddl, ribavirin, cefaclor, cephal exin,
streptomycin, gentam cin, tobramycin, chloranphenicol, isoniazid,
fluconazol e, aznantadine, interferon, ); anti-cancer agents (e.g.,

cycl ophospham de, net hotrexate, fluor@uracil, cytarabine, nercaptopurine,

vi nbl astine, vincristine, doxorubicin, bleonycin, mtonycin C, hydroxyurea,
predni sone, tanoxifen, cisplatin, decarbazine); inmmunonodul atory agents

(e.g., interleukins, interferons, GWCSF, TNrFa, TNF(3, cyclosporine, FK506,

oy o, o - N ¥



3(1 W O 03/ U30956 PCT/ USU2/32'| ~1 bi sphosphonates, calcitonin, fluoride),
vitamns {e.qg., riboflavin, nicotinic acid, pyridoxine, pantothenic acid,

bi otin, oWO/NWIYSG nositol, canlitine, vitamn C vitam n RCTUSOAAINAI E,
vitam n K), gene therapy agents (e.g., viral vectors, nucleic-acid-bearing
| i posonmes, DNA-protein conjugates, anti-sense agents); or other agents such
as targeting agents etc. [63] In certain enbodi nents, the agent to be
delivered is adsorbed to or otherw se associated with the matrix being

i mpl ant ed. dEbieatdghat thedyndrendgedsicnt £e ofdht Rarh b epadfs) thyug eveh&e ic
conposition through specific or non-specific interactions; or coval ent or
non- coval erfOUfcE alepermigad. Exanpl es of specific interactions include those

‘bet ween a |hgan . epi. i ) anpl es
of non- sped2¥Tc RS Bob SERRLH obeBinER, |t ARSI AR DU AR or¥iferoiBt
el ect r ost atregudedti@pardtulan Sornangticered eindodigicnNthe pditRtdsavillegiemdrithas, van

-der Waal s interactions, hydrogen bonding, etc. In certain enbodi nents, the
agent is atfJ@KEensip theganpampmdimensien, Mqre predsrally srawar thanel guistonssaid ee t o
associ ate w ' i . i I; i . [

preferred ‘é\hﬂ%%dilr%rna:o 5{:8‘?%%%%% %ltjd {ngmglfés' ?Z Vik’%f’é%hrgr{ﬁy enolgfrattggwer% liti]ec}:h(étd
chem cal cofpheipdfeted investion papistatdize aplans comamipg pedclbyleshban®0® i x of the
DBM conposi tion. .hi anot her enbodi nent, the agent _to be delivered_Ls

At tached t GRS R ABBAIERSPD FPAGMERTAHEFBIES TERAS HiRBgnF SEERART 25 t ope
fotmd wi thig;dhe dmésﬁ,'iﬁll&{rmg%nm}/él%%ﬂ%rékr%ntbma@e pafilhiokh@rly preferred
enbodi nent, the agent” is a BMP, TG~ (3, |G parathyroid hornone (PTH),
growt h f act@itepindnctivityypadjaapects bhtheqresent mverdionanay tenisod tnenhiancesthe hetagty t wo
bi oactive agents are attached to t.he DBM conpositi.on. t her enbodi nment s
ot “Teast o ndBes Bl P eRTh el Sella Tor peReior e pebad e St FBRT [ oa)
The growt h §iaat @rlest el StdbiliAfg 8ien@isede@ Whitthsetatdagkl HEILQ o hodtRY¥IIAdapablee
applied directly to gromh factors associated with synthetic matrices such
as cerani csof eREingshEriRall partiglet (erfer macrpphagrvand fermguboryrgiantsals) lend, or
more growt herfoﬂgfl PL{ AR e %@t%&ecfaé‘t%ﬁsdw%ih%é ]?%Nf %netlﬁﬁta'ncoS%}I{dh%(t"vepx‘e%ro?lg\é.h
factor is assotiated W th an anc oring matrix (€. g. am)rpil'nous or

crystal | i neincalditicnror phaaghale aabfodombatienivilnbeprgsedntdretaad therefBuwcof as
BlIviP), wherein the conposition is prepared in the presence of di ffusion
barrier succiss é%‘i‘?ﬁ%%"é‘,‘d?s’r APyt eél‘,‘bogFmﬁﬁ% %‘QF%&TE&T k?ﬁ%rz,oaé??‘qﬂ“? h a
conbi nat i on, Qf<ak A0 D clLNBS Ihabhd | : @al
preferred earlrcgosidsi n%%zt%%% d. poor nynig{ref%at?%f %sflﬁefgf&ﬂbé\?\f@%ilx{%%gs SG%’ sﬂH&n &

PCT/ US02132eabbidat,ziondsupyrpinidspvadges| etc.adseariaat edbodimhnts, the patinlegrmwt h f act or
mxed with a étarchll%cithi n if.fu§¢(fn.bar ner . {65{] Th Eﬁmand ot.her, aspects
of ‘the presBRIEF RIS PrgoRrs bing 204 Misrons g IS dareditfmEmial dBeldton of
the fol | ow gbékaeRlshe DBN ¢Bmpbsitibm hRl thedudet tlxdnus of 8éverl Qiffabit spRst i cul ar
enbodi nents of the invention but are not intended to limt its scope, as
defined by #Kkorshapayf paiiglepl es Exanpl e 1: Preparing Denmineral i zed Bone

Matrix (DB . . - i t ique in the

art (see RuSsell et al- opedi Ccs : - , y ;1 ncorporated
“@658“4:5%@& p@?@%&g tﬁ@b%% gs;}}/eﬁ@? tE g%n&{\%r}lﬁl%g{g gﬂ&h LS RONE

herei n by r@mlediydmchlofibacitias thevindigtiysreeopnezcéd dphmateyal jzataesheneof choiqer tyear i ng

dem neral i zed bone derived fromd owacki, et al. "Dem pneralized Bone

| npl ants”  CHeHATES CPﬂtapPawaouermgﬁ%?nfﬁt@f forpreppiing RN (59 605 Ximplen i

i ncor por at efyufRn et b, @yzhgﬁ&e%m@@@;ﬂ%ﬁa Ray0008; ilh&ﬁﬂﬂﬁfyd%efeﬁl?ﬁy faBRnse)ar e

cl eaned to renove any adherent |o§tefun, muscl e, " connective tissue,
t endons, | i fentbapurposasdf therpredeaimveriions ety matsribothat prayidbea seffatdingd from

dense cortical .bone and procgessed.as | arge .pie t ical. _bone nmay be cut
‘nto sl | FrUEBOEA R EHES Bere FanEy Rors Dipdeq e REAAEREE Hkered
.extracti onshy BRERAE kROREin the Btlod by Bthed MclR)ds (KRR ¥arTeedeviepBE b ke Bf and
hamrer ed in order to produce chips less than 1 cm The resulting pieces of

bone are t hoiddpgnrkillim8read Wwithdut sndur, experimentaten. whtsemeripstansealargear r ow and
soft tiss uefragments or even whole bone may be demineralized, and then particulated following

demineralization. DBM prepared in this way is within the scope of the invention.
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The cl eaned bone is then extracted with frequent changes of absolute
ethanol for at least 1 hour. Typically, a total of 4 liters of ethanol is
used per WQO03/g30836 bone. The bone is then extracted w th fPEFUSAYIWHENgES of
anhydrous diethyl ether in a fume hood for 1 hour. Typically, 2 liters of
ether is used per 100 g of bone. The bone is dehydrated by these
extractions of ethanol and ether and can be stored at room tenperature.
The dehydrraﬁef bone is then frozen and then pulverized in a liquid nitrogen
i npacting mi’i. Pulhgarenasiae Berimpreyed iiMsiogpeditions, éhef PBbE ¢amponeft sy bo 250,

250 to 4S50, one art Iefractlos are then
deni neral i 28 Hﬂ%%ga}%ﬁgls%\ﬁ%ﬁeéa&?@ W‘ggiﬁfe Wf%eﬁwﬁ‘ffchl oric
-acid (50 nl dgeinegiizajiord. dh cBrt&iﬁHﬁﬁo&imernQQﬂ‘let]ﬁﬁWé ﬁ&é‘fs%ré&fer@lﬁmﬂ@ Ribromgnet i c
stirrers with ins eé%:t)l on to prevent overheatin Large cl ops of bone and

bl ocks are BXt% bfé?ﬁﬂ“@t 1"9 ah‘?utzﬂ@()\%i’ alpput BEG veronsh anyaestatreforabl
i cally, | EoAdtou JOPIRELR00 biEhbk ORABE B ER%: R TI, BRBohe Lkl Von ™'

aphi cal ly, by ashing, y non e{ von

Kossa st ai ngiesuE&elmpﬁhd nan‘nird mhwyebcamedednmmellead thostrpartidahdd daviead siéd, incol d,

dei oni zed wat et gé}the‘g1 (H the”fiéash mat ches the pH of the water. The
g0 s

wat er was he%er@éfhe BeRy N partireesmasgke Hayedithough SNamiET BB M9she;
however, th re%élﬁl?sa %icr&?mé&”%ﬂog GERbTY { V@fﬁﬁcg%béé\%m the finer

particles. The wasShing step requires ppr ox1"mat of water per gram
of starti ng[%bne%amﬂwublslyuﬁﬁniweywpm‘edt ﬂmmib31m)pﬂj’e¢le§fr@ﬁeeﬂlﬂhxr@gé:&@nw th
ol ute. et h 1 .hour f et hanol, per gram of

h f f
o F g bolr e iR i Hior e S St L BPmap patnoR S PaRBORSDLE AR,
changes of aiththeh Gragnehhiik p ﬁ*tlbl%fcoﬁféﬁmﬂ‘% hRub!T ﬁPﬁJrﬂat}QQntmtpaﬂfcleegl%r r&?ér gram

of starting bone particles. After the Tast change of I's renoved; the
deni ner al i zB@n FEABICHARdRE erably greatenthan M)@ brtictons, ehé mvstopteferdbly gmater tHae

dual et T d t
ind di sor et 0 pRASpL BAREL SR es (neRAbh. PleSSHR S Sender PRl g snall BEM ™ ©
treated w t partices irefundel tiovonpatitle polymdrs ﬁdi @tttk calurh @Bbsphh@ cBineagt i vity of

t he prepareg I\/\&%ﬁlﬁ’ of the material is inplanted into each of two
t hor aci ¢ subEMf'd W@QWP@W&%W“%@WMEW fpgn @bgutd Atorekloat

Charles Riven @Piealse o %5‘? 3%}; Hafk ﬁﬁmﬁﬁﬂﬁl %&QF é%?Slg/aB Eflq and

i nspected several days ntati on oSl t'i 0 $hduced
ti ssue cazi Pisicgation pf ﬂ@(ﬂl’ldm}bllﬂl cmndmmlcq:ﬁnmmhecﬂ by aasmleyﬁcmﬁl afidinper Qmmﬁhg,mrc al

t echni ques I od . of DBM DBM may be prepared
usi ng gny rreﬁ%g%? 5% %ﬁ é“gkﬂ’i) eZing /‘{"ﬁ 5&&’ %’Snﬁﬁlé’%llp Oé‘%/ Prafe Ferred
Or t hopedi csera&(cﬁaneﬁezly&pmzemm%&nbécme@hp@f@&%qb@%%ﬁrbm rs%&ﬁ{dence)

Demi neral i zed bone matrix was prepared fromlong bones. The di aphyseal

regi on was qu@?é’f?éicF%bOdéEﬁWtaldﬁ@uhmgi 13BM isembeddedangne héthegettingdaleivma i | | .

G ound mat egiRbLWES yield a powder with particles approxi rrately
100 ~,mto % B wmln E)d[h‘%g?’ The particul ate bone was dem neralized to

| ess t han aﬁmhmmm wei ght) residual calciumusing a solution of Triton
G G G e A= O NN
and/or water to the active moieties within the inventive formulations. Enzymes retarded
in their diffusion to the included DBM may be capable of releasing the active factor from
the matrix, and/or degrading or inactivating the active factor. They also may act by
retarding diffusion of the active factors from the implant site. In these ways, the barriers
provide for longer residence time of the active factors at the implant site. This is
particularly useful for forming bone in higher species such as humans, where bone

formation appears to require the presence of active factors for longer times.
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WO 03/ 03(19a( PCT/ US02/ 329~1 material was rinsed with deionized water unti l
the pH was greater than 4.0. It then was soaked in 70% et hanol and

freeze- dtwedinraviess t han 5% resi dual noi sture. Exanpl e 3:PCRaroubmiti ng
Preferred Inventive DBM Conpositions The carrier was prepared by m xing
approximately 6.5% (ww) of the nodified starch, B980, with approxi mately
30% (W w) nmaltodextrin (ML80) and approximately 63.5% (W w) sterile,

dei oni zed water. The m xture was heated to 70C to pre-gel atinize. The
pre-gel ati i#@ed Gencrallyematesials meost suitshkSf torsewd as diffusondianders ailt betmile and

sterilized/ gel ati.pi at 124C for. 2 urs. The resulting m xture then had
a consiste Vegfw@t}éﬁ\gﬁjﬁy %tl%%TrB‘oOfgg‘PFFé?P-Wgﬁié’.a\?@sgrtmﬁ'l Snbi ned with
DBM ({1 om [Eeaglefe? hitRfidn W8igihe eihBodimicfis! e ShrRRRIAK MRAGaod Rtk b ©,

respectively. The ‘stabill ze was en Inplanted 1nto athymc rats to
assess ost gueprdedad anetadively Abheleformableselié fdg dforemtisx pephmtionsdnpenssitin such

.as gl ycerol re ded as .a.sqlytio r.oxi mat el % W I n water
i nstead of Rﬁ\gﬁ Fr STl g YRy Lﬂ%P&%&@%ﬁﬂ@&?ﬁ%ﬁ%ﬁﬁ%@P?ﬁéﬂP% final
CONPOsi ti ORhEXdING RPAIYVRI £pbaiidld BatiRY & SEEARRE EraBRRM aRhe later than

characteristics. Exanple 4:" Stabilized DBM The tabl e bel ow describes the
pr epar at i orv@ild aoyagllyeeguioh theabsendend apiffidembisiet i Rassrbabletpoljinidre witht

stabilizer I I.ons ared _asepticall and.all

prepar at i oﬁ%no%yh}@gﬁgtzge%{e\% f%“%gﬁllag&al |Shqne§frl?$ﬁse¥v§1!1 a%?“%’fﬂap%flh!ydqﬁﬁ@ged
matrices. @okpsedf Phtieblatly asutiRta01ibase et tRMible NipesRediEdrfibld Sidibs fatty acids
BarrierResorbabl e polynmers i nApproximately 1 ~0-1000Pre-swollen particles
ar epowder ednflRhRspHobpids, Which mix é’§lllvv6blﬁ5dz@m¢ﬁﬂ’@d)m WMW%&I{}D‘? osi ne

poly aryl atgan ust%ggqiogg §ot ?%dfggﬁg%p?ﬂw&!ﬁea&%e@aﬁgcﬂ[a?lyi e%péXﬁ\peSi ne

pol ycar bonat e l'ycero cas
60- 115C. polprepdrahes tpesvidnmukagdy stabilityrexeamnblid amhagingasd thagstddienetiyerer DBM

nmonol i th isulverizedPhosphati dyl cholineApproxi nately 150-10000ne or nore
of thePhos p‘ﬁ%lPrsdﬁzh-eéﬁt W&P%P%ﬂﬁsrgé’f‘ﬁré bwvﬁg‘ﬁeﬂﬁ%}‘%’s‘gﬁvﬁﬁf more @iffusian SarEE | i pi ds

ar eSqual enabieageslitidbirad iR HEMLOSIARAE B IBROERE altfetith rA8CsI RAREEAGHR 2
past e contai ni ngabout 30-80% DBM

same active factor.

[=

[41] Biodegradable polymers useful in preparing inventive stabilized matrix/growth
factor compositions include natural polymers such as proteins (e.g., collagen) and
polysaccharides (e.g., starch, modified starch, maltrin) as well as man-made resorbable
polymers such as poly-orthoesters. These polymers when mixed with the inventive
growth factor containing compositions retard diffusion of the host’s degradative enzymes
and/or water to the active factors contained within the composition, thereby retarding
release and/or degrading of the active factor contained therein.

[42]  Polymers that may be included within inventive compositions include, for
example, natural polymers such as lipids, polysaccharides, proteoglycans, and proteins.
Preferred polysaccharides include starches, dextrans, and celluloses, and preferred
proteins include collagen. Polysaccharides such as starches, dextrans, and celluloses may
be unmodified or may be modified physically or chemically to affect one or more of their
properties such as their characteristics in the hydrated state, their solubility, their
susceptibility to degradation, or their half-life in vivo. Polysaccharides such as starches
and celluloses are attractive as they also have known degradation rates. Generally, the

celluloses degrade more slowly within the body, breaking down on the order of weeks or
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3-4 WO (13/(13(IIsli PCT/US02/329.11 Masking AgentM x |yophilized DBM

with' Apply DBM particles as LectinsSuspend in standard bufferprotein

sol uti onwoopo3pir e ausual or mx with standard A tib di sPsTaAsNL/a94t he

specificthick slurry (~0.33gmnlL).DBM carrier (e.g.)n o esprotein or PBS,

or 1 mvlHCl Re-1yophilize.glycerol, starch, pluronic) Humanto a

concentration rangingprior to application.~t~fromabout 1 nglm to

about noggi n10 ng/mM , - HumanAnti - BMPFact or bi ndi ngpr ot ei ns Noggi nChor di n

TGBPENzy mamdriihs, bililemsany stdsh Soylipdd ptepypt omGlagpesieirapidly Subtheoadas of hours

Pol y-lys-arg D -manngse Pol y- mannpse Pol y-L-1 si.ne anple 5. h I bo

assessne ntor%]aysp rYREe IR r@@éﬂﬁ@@s&ﬁﬁ?‘é@“ﬁkwwaﬁ%@% SPYigsP f}ané( and

Wi t hout SFM@&&HQ mg%gpt{b%y e PRiRPRSRIH PithOfsrcAae aink@hEyhes at | ons
ar

of stabilizi'ng agents prepared and incubated with serum or individual
enzymes ( saclyas ampglasd, pectimsesi-ind. B gRBSidase iwan immorianicaobsitergtion ingfesigngie 0. 5,

1, 2, 4, 8 d 24 .S . .h d det '
concent rat%%%g’eﬁ?wgg%ﬁﬂ?%ct ege Q}rﬂﬁe&&ﬁ%ﬁ gﬁtﬁ{e?q(%?%?%@giv%i&gsﬁ %ﬁ?’ fa?ﬁed in

Uel and et . 1ibi1#26 bEARRHeGREJak &R0 YRR oEPHIEE HouREs artSthy Apply Kes gr owt h
factors i nsugé: olrrleglal I C pat?s?r?\tﬁsa'![ J dir7 Ena' ocr~inaol R~e}: gpblj 1999 Jan;

84( 1) : 123-khowledgertp pratueel fdmsnkiionphaving adesited ptabibianiimes Praferrgst dyyghesy f or

-native and. denaturin DS | el,ectr esio (0] bl ot
anal ysi s oWﬂe@traé}rg?laSE‘%bcgﬁa 1@‘%&3{ A péés%g gf CSI’%I Bg%ﬂ!lah/, %% pe% aﬁyn( 1999)
and i ncor paeatethal ©0%] fbr Ayy.r BhdRE etmhes Idet andertibledo. defladstieeisegtctioadei cal

bone content of insulin-like grovvth factors in acronegaljc @{Eient%‘ J
din E~zdowd/aremylasedemplasonsistahstanhStarchHustralgsia. fpdnggrAusiraip) pay

Protein Pr 495 lmsaxmtﬂgp&?éfd REE M In AR tive half-life in vivo to an even greater extent
than improved DBM or synthetic growth factor/matrix formulations prepafed from more
enzyme susceptible starches. Some modified starches are less susceptible to degradation
by amylase; therefore, improved DBM with modified starch would presumably have a
longer half-life in vivo as compared to those improved DBM with unmodified starch.
One preferred method to affect amylase susceptibility of starch is through the use of
starch lipid combinations. Guidance for the combination of lipid and starch to affect
amylase susceptibility is given by Crowe ef al. “Inhibition of Enzymic Digestion of
Amylose by Free Fatty Acids In Vitro Contributes to Resistant Starch Formation™ J.
Nutr. 130(8):2006-2008, Aﬁgust 2000; incorporated herein by reference. Similar
considerations apply to lipids and their degradative enzymes the lipases. A large variety
of mono-, di-, and triglycérif;les with varying degrees of susceptibility to lipase
degradation are available frém commercial sources. Some embodiments include one or
more polymeric materials, p':referably biodegradable, such as tyrosine polycarbonates,
polyfumarates, tyrosine pol);arylates, and poly-orthoesters such as polylactide,
polygalactide, and co-polymers thereof. These polymers are biodegradable, and their
properties can be modified by altering the chain length or degree of cross-linking of the
polymer and/or the chemical structure of the monomers. Additionally, co-polymers can
be prepared using combinations of resorbable polymers.

[43]  Enzyme inhibitors. Alternatively or additionally, the .inventive compositions may

be stabilized by the addition of one or more degradation inhibitors, active against growth



WO 03/113119S1 PCT/US112/329.11 Edition 2002, Humana Press Totowa, New
Jersey; each of which is incorporated herein by reference). Sanples

cont ai ni MO 8¥/adev3a zi ng agents denonstrating | ess degradat iPem/uso2/grent h
factors or other proteins than sanples w thout stabilizing agents are then
tested for osteoinductivity at 7, 14, 21, and 2S days in the athymc rat
assay. Extract sanples can also be tested rapidly for biological activity
in a tissue culture assay as described in Zhang et al. (1997). Exanple 6:
Det er mi ni népcRirmetiGiudegrading agenthufoundim thé h@é@@amsmmd/@ynrthﬂlémgcul ar

bone. or owt ROTROSIOT O EP AR aRE ey £ B0 SR b T Rt B "8

.conpar ed V\h&tivaﬂﬁéfb&@&ﬂd@&i/\fé%cté@%fﬂfé mwnq:ommau)etgtmlmbmvmoﬂ 14
28, and 35 days. This Exanple is simlar to the rat nodel for asseSS| ng

ost eoi nduc inhabitoss useB in dhapracticeod e riesent inyentionapaeimchdader ewmt
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potential for a cross-species |nconpatibi |Ihé response to héIITB.n t.i ssue
i npl ants. Piatusanddutpse-halengem) sel grmissiars id6) ds bl trorparaisd heretn by

det ei Tni natipn, )yésgtae%e[;@@[%@gge mjbftg%s] BYES Q0 IRREE h 31yRBSAE rifors! L o

does not natura on onozygousSrnu/rnu rats in the
50- 75 g r arspecifie peotedst aitibitors usefulatheapradtice dif dhegpedensinventon 1fr¢13der, &rs were

h df K f | t |
i o1 of Sol s SPTBAGREOUR Rl (LaH AT O RSB A ieBkr GAEPSR) MPERN AR ¢
wat er and raﬁﬁll‘ﬁmangélﬁ)tmcﬁf Wnd Q&ltﬁfi‘)n{tinpm léfﬁhafl Q%iltrjh?@rll %n%bﬁl?ﬁ%?ﬁh&ﬁanep\

single internuscul ar te was utilized in each hind ITnb of 30 rats.
To provide Salf@rtymﬂglnrlpl@éAPMﬁ)mphamﬂmr@vﬁrarmﬂmeamer&I E~64,dae§tahg,l @AAJ 4y

pectorali s B teerwepy A PRt e Bontn St bRl i e

fol I owi ng smrs@rﬁﬁshﬂam@s@hﬂm (Dﬂ?m]dlﬂepﬁaynb@itdaw At Bﬂnbt@k Sd1 1DWA§Ed64oest
materi al s vvere kegé roomtenperature. ght |45 es of Test and
ei ght 40- ng chelapipRe ﬁeﬁh@actvm% E%Efxe%ia%rnabgg fOXW@hthslPG@ﬂgsl

PCT/ US02/ B%Quh}s]tm, leupeptin, alpha2-macroglobulin, phenylmethylsulfonyl fluoride (PMSF),
pepstatin A, phebestin, 1,10-phenanthroline, phosphoramidon, chymostatin, benzamidine
HC], antipain, epsilon-aminocaproic acid, N-ethylmaleimide, trypsin inhibitor, 1-chloro-
3-tosylamido-7-amino-2-heptanone (TLCK), 1-chloro-3-tosylamido-4-phenyl-2-butanone
(TPCK), trypsin inhibitor, sodium EDTA, aﬁd the TIMPs class of metalloproteinase
inhibitors. Particularly useful ones are those stable under acidic conditions and effective
at acidic conditions. As will be appreciated by those of skill in this art, the less
osteoinductive factors lost or degraded during the processing of the bone to form DBM
the more will be available for recruitment once the DBM composition is implanted.

[44]  Competitive substrates. Use of competitive substrates for the host’s degradative

or activating enzymes may also be employed to stabilize the osteoinductive factors of the
DBM or exogenously added growth factors. Examples.of competitive substrates include
di- and poly—lysiﬁes. Di- and polysaccharides can be employéd as competitive substrates
of glycosidases, amylases, and/or pectinases. Particularly useful are stereoisomers of the

competitive substrates.
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inplantation times of 7, 14, and 28 days. Six sanples of each were tested
at 35 days. The 40 ng sanpl es of DBM powder were rehydrated with 100 ~. 1 of
steril e AYQORREPIAV { Ost et ot ech, Eatontown, NJ). Each of tPeTa®pBE®31 Was
packed into a 1 ml blunt cut syringe. Inplantation was random zed so that a
single animal did not receive two of the sane inplants. [71] Aesthesia: The
rats were anesthetized with a mhrture of ketam ne (200 ng), xyl azine (400

, d physiol ogi.cal | i Q m)..The d 3.5 .m/ kg, bod i ght
2 i ot ef oMo iRt SRS Pl phtied B A B AT RUERL P SPSIRETE OB edur os
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aligned wt 2 I . de to allow, for insection of the tip
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‘the nuscl e bethe aebledactoPRRIRIONR Yaahdlthe heaskiig!caftyede NS hirfilers the S| NOIl €

suture was jnserted to close the nuscle pocket, and the”skin was cl osed
with netal Wplglownpandior releasq of ane onmere asheafagions Qvertthme thefmaskingeotityl i s

muscl es inv ek - LR lncisien over, the c t, bl un.

di ssecti on égp‘\é?ﬁ%br%sdg?tgaf %s %eg]éazdltég leaavglgctﬁeeﬁgangn%d&%f(f‘?‘@ﬁ?ﬁ%r %‘F"eﬂ?hglertgt DBM
powder usi ndegeadatiomt Diffirsiond@uridhs Sépneset Satindragiz¥@forinTeRiRholeRtifltgs€e t he
nmuscl e pocket, and the skin is closed with netal clips. [74%}] Rats were

eut hal i z~d RFYSRUEY8°GEsY Ploire Heprrlivgess petivating enassnesrie manyr il the. erowi ant
materi al s WaERrd RERIAH WP Rhfgt i on, retrieved by blunt dissection, and
cl eaned of the surrounding tissue by careful trimmng. An observer blinded
to i npl ant &yqueh ferdrdindidg prateios.0étoplly eevabxaddeinlapmatrhegrowiil Atlor st eri al .

Col or, vascul arjty, hardngess nd.integrity. were scored according to the
schene out Iclfrf’?é‘ﬁgoitt% a?ﬁ?ém%ég‘fvgh B%“Efw_.lg ](’r?%én W?%gg&s%ewg acHyitt ‘Pfé%%?ﬁ”‘h obust
response Woldbtdr, bPurificl il fichs U0 b BAGRAPAEs bhi bl BroBhroB urAshaA] duc! | ve

potential would score a 0.) Experience wth this no shown a hi gh
corr el at i onPBM pspsiationsialseryb 9o masking astititesd Thipicad gogith dhctotisndivg piotaiss of

111l plant p e lyv..at the extrenes. qf  bot .af the scale.

MaCr 0SCO i slﬁ%gée%a El:%oﬁqgg%efqttﬁ nﬁﬁgl&ef}?%@g’ fegf%alr%l.n’ %ﬁ%?[ggt’@r% p,mt@“e?r“‘fG) Red
(R ~ VasiastlarliteygroMdngacioNbindoigepro BinsRalpests nid3l alto Badde¥V HR/MHFA95( -

PCT/ USU2/ 329-t 1 Hardness: Mushy M Firm FHard Hlnte ri D ffuse 'D)Flat

(F) Nodul e (9y&osiugn gingycy thsrelppssradthrgrowthHastor &pavityhindingaraicine fecdraied i n
Neutral bufdgs hal £ hxat [ ' S were

decal ci fi ed inﬁ%é}? %’%%%ﬂélﬁa?l’?é?elﬁ%‘yiﬁﬁ%%%ﬁd#%ﬁ?%ﬁ%“ %CEOE%WSb% embedded i n
JB-4 (gl ycoincapsulatedriy ladtiedegRalaleqiobmaso that the, agdar is ir¢lgised ov&2Ah eateided
sectioned. Five-pi.cron sections were stairned with toluidine blue and

eval uat ed yenlogg mlmﬁi "E‘F%?g’xiiﬁ(fj‘?ng(t%@e ‘I“’if?%o%ﬁwghf]agt%?’@"%%‘f‘%‘ﬁ perid of

eval uat ed ugh€ilg a sem quantitative nmethod. Briefly, a numerical score based

on a five-point scal e was assigned to each section of
Lectins. Lectins are proteins which can bind to the sugar moieties of glycoproteins.

Since growth factors are generally glycoproteins, lectins can be employed to bind to the
growth factors and poteptially retard or inhibit access of proteases or growth factor
releasing enzymes to the active growth factors. Ideally the lectin will be selected
according to the identity of the terminal sugar on the active glycoprotein of interest.
Lectins include, but are not limited to, membrane-bound lectins, I-type lectins, and P-type
lectins. Specific lectins include galectins, calcium-dependent lectins, selectins, collectins,

and annexins.
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nodule: 4 = nore than 75% i nvol ved in new bone formation; 3 = 51-75%

I nvol ved in new bone formation; 2 = 26-50%involved in new bone formation;
1 = 1-25%03n3esexpl ant invol ved in new bone formation; a/1C02/319d1

evi dence for the process of endochondral bone formation including the
presence of cartilage or chondrocytes, active osteoblasts, osteoid, newy
fornzed and m neralized bone, and/or marrow and associ ated fat cells.
Scoring of Hi stological Sections ScoreNew Bone Forrmati onONo new bone

f or mat i on1<268bavis. Manecrombmrmtym%zﬁﬂﬁﬁ%emmcﬁmm th@adBici RSB lor 16 thozew
bone formati on4 ~>75% n v\rlwgone for tron Fol | owi @% hi st ol ogi cal
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Pesesament  SmEREs "#@Eﬁ*ﬁ%%%?éﬁ?"ﬁ%@%%ﬁ e L
score. [ 78] [4%sulventivel RISVpeanmeilonsasy fatibinativedy i admttdaﬁllyé)ststabﬂizedl al, a
-DBM wi th a tar h stabilizer.as described in exa % e 3, as_conpared vmth

contr ol SEROBEMCFSRARIONS (&1 PRS- tomgergtus, der whistdgetering agents ch
stabilizer wﬁﬁﬁ& pawder th a
hi st ol ogi c sco?e oft;bg%g ?Or ffic %ya%gt W&Zgﬁi@?%}?ﬁ%é %’%%@%EHQQ (eg"'

PCT/ US112/ 3ps¢ gH).r espect i vel y. AI | sanples were hypercellular with a few

chondr ocyt egcﬁrei. . A t _he DBM. wi tE a star C@bﬁjer

stabilizer | eves

wi th a hi st plcogiotatiss of Ql}ﬂrf)f tﬁeﬁ eht1ﬂe§1nMe %w%nf" velfogmﬁﬁﬁgﬁénié %e’?tleﬁéll Cht sters

of chondrocytes were present in all of the DBMwith a starc stagr lizer
sanpl es. At 2qppplisheddysysnendingshe mofeculger prolatsles o iptrest inlas @p}bmdrlaiblwst ers

o Shond 0CYs sy RS S R o el PO, RO bG8
powder . I\/bswlthalymalhﬂﬁzedmmm inegrehmive sy lb@ﬂﬁlumytotsbha vohRgeratiSAN orin HHURy.
hree of the DBMwi th a starch stabilizer sanples

infiltratio vvals not nt
and two of ﬁ\% ‘9{ hidiged %“%‘i’fié‘t BieByF ¢hesdesirad D@rl\’ft@@mnﬁnth a
starch st abL 7']230n§ﬁﬁ9%&)€§te@?éat ¥V‘3f 9‘%_1194?&1&8}@9@& 24 ltﬁémtcglﬁ)%ralﬁ' !1@9

t abi t he 14

score for the"DBMwith a starc | zer renarne cons
days, wher eth§ in¥emting @tzahmgnhlbsm(sr epmpetitive substrates, or masking agents often has the

additional feature of improving the DBM formulation shelf-life by preventing access of
endogenously present degradative enzymes to the active factors present in the matrix.
This is particularly true for DBM formulations which are prepared containing water (e.g.,
DBM preparations with hydrogel carriers such as hyaluronic acid or collagen, or hydrated
starch carriers). |

[48] Many of the osteoinductive factors found in DBM are in cryptic form and must be
“activated” or “released” in order to be osteoinductive, The activation of osteoinductive
factors may involve a conformational change, a post-translational modification, a
cleavage of the peptide, a change in tertiary or quaternary structure, release from the
DBM, release from a binding protein, erc. For example, the factors may be in a pre- or
pro-form which requires proteolytic cleavage to be active. In addition, the osteoinductive
factors may be associated with a binding protein or a ptotein of the matrix of the DBM.
The same processes such as proteolysis involved in degradation of the active factors may
also be involved in the activation of these factors. Therefore, all the same methods
described above that can be used to slow degradation may also affect activation rates.

One of skill in the art preparing a DBM composition could balance the rates of
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for the powder inproved from2.9 ~ 1.0 to 3 .9 + 0.4 between days 14 and 3

5 days, without significant change noted for those sanples at the 35-day

time poi mOMre9id stol ol ;i c Scores Product 7- Dal4- Da28- Da3BcDaBBR32941 GPS1- 2)

with a0.9 + 0.43.6 + 0.53.6 + 0.53.5 + 0.8starch stabilizerDBM (GPS1-2)

powder~ 1.0 + 0 ~2.9 + 1.0~ 3.9 + 0.4~ 3.7 + 0.5(Control) [79]

Concl usions: The results of this study indicated that the rate of induction
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gualitative evaluation of increased nunber of chondrocytes present was

i ndi cat i ve adctph dheRBMcarepnsitionrmaysinclade ashermisalDpmpand suchas amelymerabi | i zer
sanples. 39.,. . 9S1 P CJS02 -41 e {: Jat i
e ey o hic PR ot oldrinfe ARkiae dhacd el iRk &by A Dntl 10

| nf or mat i orfactbBrveiedih Zed BIM @@EIeSN C okl atlboddnss, (@ ¥geghableqgolyhaen
consi dered the"gﬁgl d standard" for osteoinductigon when a bone graft is
requi red i Anafrelashiopben &prefaass al is abledat r@ivatelficsicomsictéys facioreofdidunt  of

ABG avai | abhgyi Sndddliibgd, and there is at |least a 5% surgical norbidity
associ at ed vvlgltv]h tr#edghtgr'vesti ng procedure. Dem neralized bone matrix (DBM

has been sHd9h tRelémv ef thqoateoimdudivpdadtors flromathieniglipay endtiiaimay alséB& One of

t he maj or di sadvant ages t.o.denmi neralized bone rix i s that..i t en. does
not. ol d ¢ REEHFGAD 4F FRFR ATy bE0Y S PR E G dEind b © i RN GEL e

def ect sit G bRdIHQIHERS a8 UELAHRI LN B AR BH AchSdpeifil BfelaBBbnsdlA 1 Cl €,

DBMw th a Starch stabilizer, offer s a sem-solid texture so that the
t hree di mergirideradf the fctorswaey me¢ditodiemeldasefigadm Heanateb bi ordat todbedisfies whitedel

has been nodjfied and .,used i n,QuUQer.o rojects to test the. efficacy, of
oot et naucritbes ity B0 U Bl TEat TR ietb R s il Heab gl ol o bt
substi t ut e ByoceRdinO@EtoBsndaaBe oficahére, the@cldd MhPintdridt wight dtBdr M@SGrsttduad & uat e
t he bone inducing capacity of the new DBM fornulation grafting material in

conpar i son HeMeHEyi birscetlpmatinged Brintezard WalGotly to mamx-aig e fagter tgandpee

e, S StoEnl amAAnNLL dhofelbllaRi o nd R igL ot >

(hi st ori cal diffatian baedrsfongemsphichadiert the binding of the factors to the matrix or their
binding proteins. As described ébove, in cer'tain embodiments, it is preferred that a
diffusion barrier be degraded over time so as to release factors or allow recruited cells to
interact with the matrix. Degraciation of the diffusion barrier may also allow proteases
into the DBM implant to activatie and/or release osteoinductive factors.
[50]  As will be appreciated by one of skill in this art, the DBM composition may be
prepared to balance degradation, activation, and release of osteoinductive factors to
create a composition with a desired osteoinductive activity. The osteoinductivity of the
DBM composition may be suited for a particular applic'ation, site of implant, or patient.
For instance, certain application would require an extended period of osteoinductivity
ranging from weeks to months; whereas other applications may only need

osteoinductivity for days to weeks. One of skill in the art can prepare a DBM |

composition with a desired osteoinductivity time profile.
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Surgi cal Procedure: Six nmonths old mal e New Zeal and white rabbits were
used. A 2.0 centineter non-uniting defect was sL~rgically created in the

bi | at er alwolbsreswosf al |l rabbits. After conpl ete periostect eay/uswireveugh
defect wash, and partial diaphyseal wash, grafting was inplanted (according
to test groups) via open surgical technique into each defect. The wound was
closed primarily in layers. The test groups are listed in the table bel ow
When anest hesia was achi eved, both forelinbs were shaved and prepared with
the rabbit supine (linbs up) position. Longitudinal incisions (3-4 cm were
made over HestfonEnhacamentt he di aphysis (midshaft) portion of the ul na was
exposed. TZg di (sj'tegl. ~0 , 113/.%1;}093( PCT/ U S02/ 329 1 osteotony was nade 1
cm fi om t hé I nod&ripntionAlse PIovidss Rmplg ¢ K airsiphike sgsering ofpitablee 3. acm
fromthe ulspeg hRl t - 0N e
created with aﬁﬁf?gaé\gdg%eg%mgdjr? ?F%fé'laﬁgﬁlﬁ %é%‘l”?tg&r)l?qf%g%ge%g%g E"S%?ﬂ%?g%ﬁg%n ea
.bone was exspesed undersimnniied@hyoetogical ¢ontldivnms (DpepHd 4, physielogicaldakine)td

i nt b f. th bbit forelinb, i fixati t
i v ARCHPARE B Sttt ARG RaSLP DR SR s et ome BANeL and
Mar r ow r engrdteis BnstitRhAYE tHEdBI. alloWastienl RIS S e atg?(ge&%fs&ﬁas gﬁgﬁin‘?eep

fascial |layer was cl osed as an envel ope around the defect w chrom c
sut ure. ThdaRRRrPeptidass) ostbe likg. t Bvidencerforpatik oryharix somporent Brepkdstwroiser at i ve

dressi ng/ spl.i S l.ied and rempve n.the fourt ost-operative day.
Radi ogr aphg _:Ohlﬁn e\gﬁ’é"f‘i%@t‘_ﬁ? ﬁ’%ﬂer%aﬂ?tbcﬂﬁsag/Inge%? &ﬂ%ﬁ{f’&itﬁ%‘%@?ﬂ?@gﬁ Rpesy are
post - oper atconglisred nsbagslidt dapdidhted R iIFQEHeR B EinYE PR EddEAdBLtod o fBrealdoRfd 12
weeks. High resolution {Faxitron) radi ographs were taken of both Iinbs

after exci dngrleaipmenclogien dgfectios of TEESpadiar IGF theakdewnr Im&lditiaakte therhr ee

bl i nded ob : h ki i 0 for i on._and renodel i ng.
Resul t5: 1 P ool aba ol Theb el bt 800 n S TR REP ARG e

evi dent i n enfenes @ el mgpebsidasazuhat dlenbe dedu Particu)arly el W@Bis$egard is

t rabecul ation was bseéaved and alfm)st conpl ete bridging of the, .

critical - siDERAYEY Seqradgiomy srhutQiseRie pritsye FREaRY. dfndshthess eandiions,

Co~zcl usi Oiggeci 7 3j Irsein ' rate at
whi oh bone e R gt B e oG e Bp A S oy BB PR LRGBS, T
t he Resul t sugf aBiadompunpdssdyi engeheldctBafhotasisSitilingswéstarn blues, St atheh- Based

Di ffusion Bartj.er rmul atjon of Exanple 3. All studies listed in the

t abl e bel oﬁ%ﬂlﬁlgﬂr{%‘gg@ggpi%weﬁtstudy # 12, were performed by NAMBA
(T~lorth AfB2fi cafoliBeiigge idasaeitRinasT cahdi€aty stabllSesIVRE H604 adhgdhanam ul |y
accredited py the Association for Assessment and Accreditation of

Labor at or y fpifrHanowsgoataimngthe sendidaie siehiiEesaye terpinilie estepmductivety @stass | oned
and NAMBA | 8sdiBRH LM adeWeldh, t e USDA. All sanples submtted to NAMBA were
tested according to laboratory quality guidelines necessary to assure valid
data. W WO U3/U31)9Sfr PCT/US02/329-11 Starch Diffusion Barrier DBM

~' or ml at i @Pstebdsduceg MATERI AL ABSORBED W THI N 30 DAYSNO. TEST

NAMETESTMODEL ME ASS/ FAI L _- MATERI ALCOMVENTS1Cyt ot oxi citySal i ne
Extractionl n vi t rOUgd@RIPved BBM may hsdped gther apepindusing ageniso2bese agents

nousec5~t ot xi ) LR 1S : V.S i ne
Extracti onIﬁyl%%%ggi%gg@véfgggp%ﬁ%%@é\%ﬁﬁ ra %e?d%%%%g‘%@ﬁoalﬁg‘?qsc( VI
80B980) ( 4: 20nimexiuriag theIPypargmnSdlithaimventive material. For example, the osteoinducing
Extracti onl nt r.avenpus eat edPass: Non--Carrieripjecti -. ,Rabbi t neasures
1- 3pyr ogeniagf%i%%g%@fﬁ%g&%? BEFPHe t“ér}(?tf’%&rf‘%]ﬁ’rh@é%%e&‘?ﬂ@é’ﬁé’tféhﬁ ci tya.
Sal i nel n vistabflizin MopsHAeREMdRd obiRemdncilb Apdet i R6iLRA TS &¥REnous
revertantsnutagenicCarrier(lvl 180B980) b. PasSs-Non(48:20nl

ext r act ) nutdgBAingrnzpRsOmeEinptantad. ¢aseme cnpédiBgaoy DBM 20lytphilized in 2
.extract 5AC %@?Pn%%hfaﬂg@ﬁ B%F‘%@B‘F%ﬁ% %%edﬁt. ?n?'%ea’%ﬁi otﬁgr%jreflglargg embodiments, the

NonSyst em action- i'on

r eadst oxi ¢ Estebiniduying Wb &R0 BABATLE HtTh DdraRuidEathdhizePBSSe Mok andaks onseed
.0i | Cottonseed_oiltoxicExtraction-Carrierextraction -

| P(ML8O/ 1398bSIEFly seubisn-Inwihss mstanoemihedistaoindur mgagentis addeil ¢ the improved

Sal i neMaxi m zati onl nduction |l nduction |:Extraction-Assay - Guinea(zero

ti me)noCarrierpigslinduction Il (6abnornmalities(M

180/ B980) days) det ect ed(48: 20mL extract) Chal | enge ( 13Induction 1:b.

Cott onseed oi |l days postnoExtraction-induction Il)-abnormalitiesCarrier24,
48, 72 hourdetected(M | 80B980)readsChal | enge: No(48:20nml extract)evidence
of Topi cal causi ngAppl i cati ondel ayeddermal contactsensitization ~2




wo n3/030~s~> PCT/ US02/ 32941 7l ntracutaneousa. Saline0.2 m 24,48,72 houra.
Pass - NonReactivityExtracti on-subcut aneousreadsirritantCarrierinjection @
five( MLBOYBIBWSHpar at e sites of b. Pass - Non-(4g: 20nl extcaasyzsaom of 3
rabbitsirritantb. Cottonseed oil Extraction-Carrier(M80B980) (4 :20ml
extract)8Miscl ea. Final product6x2nl portionsl, 2, 4 and 24Conplies

wi t hl npl ant ati on(rabbi t specific)overhour readscl earance of <Study

(Pilot)b. rdoy sol unbar 30 . days(ML80B980) r egi onCl ear ance
week9Muscl ﬁ??aﬂ ]Oéldqjél@q@%ﬁx%mg %ﬁnﬁﬁ% al ,Qatepmg\é%}%agqﬁégszwaﬂgble

- non- Irrplamlﬁd { X)) @pﬁreadswrltantStudy - Hi st o-b.
Carrier0.2m i&r%p 3{1 ?atﬁ)%t%:%r?? l-Mgsat ol ogy(ML80B980) t oxi ci tyb. Pass -
.non-c. Rabbit DBMwmlduahg agdns-intlade pm)y/\mmnt thholeeds. to Basshances the formation of

-non-irritantl rrpl ant t| .on- Fi nal Doég)zﬁ t.i me poi nts Cl ear nc <
2Cl ear ance hgtQstrqing PWPB&E&'}%E&Y 15N agy dgﬁﬁgent may

-speci ficl npha &gu&'ﬁﬁ%?%a}keﬂaé §fa¥ f B8ne 1%1-&@:5&1&91% ageﬁ’d B5) 188 fF@et to
Ri bs; t030cc vol une. bi oresorption ellSystem ca. Final
pr oduct Rabsict@mardfiatex thinhPaayssTibzéquient)y urfdeagsomindradizatoon, thecdgpatimaglead 7,

14, Hi st h | nt ul ifickd tipme28,. 60.and
30y Nol npl EERERGHEse %ﬁﬁa ROBRRO oo LU oL Oy RO 8 HSRler
al oneN=3 DBVARIR®oRE hiddsho H%th&h@@l@?ﬁ)e%wﬂﬂﬁgﬁfgfmh actor (TGF-B),

S

Bl oodt oxi ci t yCont actcontrol eachand urine at 7 evi dence

of | npl ant atnsehir-like gmhtfmr(&ﬁdb,rnaeathﬁmdmm«om(@H)eandqmgmgn@cfactors

anddaysdos X cal ur| i sT f3.

@ npl ant at ?L(i)crlllv]%/l1 \gﬁ ?nedg;% Hﬁ@ “‘%’X@ apg ]%2‘)? Eig)tgeléig ugmﬁ%lg?ﬁt 15
vertebral ( lg,tﬁé@bal@@k@ﬂ&reﬂ tblebingHs¢lasanindXel seqmbnaél ellﬁmlrgﬂwﬂmtéh &egaadinghi gh
clinical dose)along ribs forEval uati on forhematolo y or| r}gl ant at| onh| gh

dosegr oss. eﬂhﬁueta}cmg@m tedheRBM ot thy caiesn3chald e«

of system ¢ 13119811
peH U Uz O TR R %%%%2??%%@&%@@@ g}@“‘*%dl

Radi ogr aphgombahdadtbiis stuithblg forasd evithd@BbE of X- r aysbonef or n~ati on

Bi oconpatibility of DBMwith a starch stabilizer. C earance studies
confirned the renoval of DBMwith a starch stabilizer carrier fromthe

i npl ant si q:gnh@la{lgﬁs than 30 days, classifying it as a class B tissue/bone
| mpl ant cagsgor [$H0T YmbR{vel 89 a&a&m Sﬁ%%%ﬂ%f@ﬂe &és¥nt~°1fn‘r’éﬁh§§m Ydrorgrtithidd 0N
tests for si de atlonF t1ssue/ onelrrp ant category are |isted
in the | SOageaitelarmes. TH’d@ymalh‘eon oy bt axédciotajter the phydicat,ativlogical, apl ant at i on

and genot oxj ci t Acu S tox Clt al so ecific cases.
In additi oﬁilet C%[‘]‘rﬁ\rog %‘%%éﬁ p?ré‘ XQ@%?‘&P “@F‘?Cﬁﬁpﬁ%‘lya%ﬁ hal safety,
bi oconpat i Bifefrhine tﬁé\fhﬁhfah@@ﬁefedéa ek ﬂ@: d?y@h&ﬁfomﬂm{d e wdotist Sa¥anpl e
7). These studies are summarized in t above. Local reactions A

Acut e i nt r &stieERegiedypaplaiurohe atwpfa@uﬂe thﬂ@%llﬁ@t 3 sithrtharishafl inferdioss wer e
performed. ,fhe intracutaneous studies involved both saline and cottonseed
oil extracts of a starch stabilizer. DBMwith a starch stabilizer prepared
wi t h Rabbi {54)BMlmeentive ecmpasitions skdreforarphp bt atepared tdBivewelcoted rasoaptadn/loss
stabilizer roducgd mnimal irritati onflll% both stud ftf bei,ng deened a

non-i rrit aff ONASAIR I raiEs. Oh e YREOMIET Hiflpaerd sates 151 dikiFeRtRoTtions of an
i mpl ant at i gRpARd mtahaﬁgﬁe e 'f%{Maﬁd}ﬂ?récé‘sE‘%{a?r%&ﬁdeztﬁE mwfbfn JremnNgi bl e when

adm ni stered as an intracutaneous extract. Intranmuscularly applied DBM
wi t hout st @editlesafaipartjculua sizé oupompaesitim, gombuhed Htidh the selection of a particular

stabilizing agent or agents, and the amounts of such agents. To give but one example, it

may be desirable to provide a composition whose osteoinductive factors are active in a
relatively constant amount over a given period of time. A DBM composition comprising
factors with longer half-lives can be prepared using a less biodegradable polymer or a

larger amount (e.g.; a thicker coating) of pdlymeric compound. Alternatively or



B. Cytotosicity and Genotoxicity. Extracts of a starch stabilizer
denonstrated no ability to induce cell lysis or bacterial nutagenicity. The
cell 1ysiWwO8¥0)Senpl oyed a saline extract of DBMwi th a #CASA2/894bi | i zer.
The genotoxicity studies utilized both saline and DMSO extracts tested on
tlvo bacterial species: S. t~~phirnaa~iarmand E. colt. C Henvolysis and
Pyrogenicity. Saline extracts of a starch stabilizer were deened to be

non- pyr ogenk&i; - her AN . inr i iinj ected with
ol ha! oot LG BRE R, M gy BOMGH SRS Sllkiink Bl BRI dAN B ¢

pyr ogeni ci tiyventime DBM cembosittdn. (Ih @engiagreferedahiddiments tevin®dntiVe iharuladded to
ant i coagul at ed %;‘3' ed .rabbit bl ood. V_\gh03/ 11 309, %11 PCT/ US112/ 329~1 D.
‘Sensi ti zat P, DERET & Bxtugy ofingeiclesy $3chWikhhg diEErers haliilife fuehgrmgsrageddder mal
contact sengdyiad ik ispidy s BlliiARb O Sdeansalia % AN oGOl hanReRAd, O
extracts of the carrier. I nea pigs Fecel vetlz’ll an | n%raderma I'nj ection of
-t he ext r actpsriadhdf tifherdngmgnijora dapcioweseks premionits degmdingwhske nesds by thehal | enged

with a patch of the extract nateri al . Mwith a starch stabjlizer
System ¢ SarERy/ POSMD@@PM&@S&?HP%gira%%}e%@sw@é?%r&f graw ing leunan,

whi ch DBM Watiéht@o o I | E@M | t

i nt rarruscu}f’grl y (ﬁ??ﬁggggg&gﬁdggéﬁgﬁ&gﬁﬁ%%g eoutg),{é‘?ﬁ E\évgﬂgglﬁgv%?g?%MtPh%na

par aver t ebrcallagensoprge, ambipraferably somparabloted0§ pg, 260 ndaysrefdrably hddemgt udi es,
rabbits vverlg%' | anted with either approximately 3.5 ec (Il ow dose) or 17.5
ec (high db ])k/ﬁpf DBMwi th a starch stabilizer (~1.1 gmicc). The doses on a
gm per kil ggsjamHgsica czrﬁert@esgum A @forenabllitgRnd k ko @F ARPDBN HBY 8l be

equi valent to 5.6X and 2SX average human inpl antation dose &25 cc/ 70 kg or
0. 23 gn~/ | ch9sepgispending en the pariculas clirieal applicationh T partisles ofithe impraypdce

0.23 gn-/| ¢l w781 e pRriculs etennilyhptises ofte impray
ctarch st a PR LERRRARENHE mpdBACBby s kot 65 Brab Pl Cc

wer e i npl anhennsaiic Foaaeoitd, thd itnprbecddoBbamatefial dxy biNeg:fednsiyh 6i@stiddentsl or
the test anipals fail e&l t?, shogw any treatnent effect. Blood chem stries and
uri nal ysi s 'QHPPRoYe wpyng Bealing; Thess agsuts mavrasludadyes, Piptelrs.nsatidséeept i on of

ser um al kalgoleROFRAAIAG DGR MRS BNREE BRI BEEARE due o the

i nducti on of “ectopi c bone fornation respons 0 wth a starch
st abi | i zer .[S8xarfjlegagicloisd DBMdonvemiveddBM mateyial) inafalb Hebfdenddaing [ 83]

oj ective: The al of this Exanple,is to assess.the characteristics of
various potvgﬂw%%aﬁsoqnélccf’ %“ﬁtb‘gﬁt gl“,hegﬁra‘%cﬂ)egrcpp E’E fogmeg 1mig Todsesitings; Sﬁ?ﬁﬁ%e
W th no negadai¥s sbilRAEneOMiRS ! MRkd) edbbvirt Y In Breledmdimed endiRbe ahd ve
Agents are easy to handle, irrigatable, nontoxic, degradable, and nol dable

(pr ef er ~ed SES 93 tlag raridgles iasbnDBYE cpmperiieon affentitheytime ¢@uge aflosieoidduetindty.

'l ~l at eri alys,,. ~J4U i S| ! nude at. _.nodel .

Pr ef er abl y,ﬁée’é?{ﬁglf’zih%%ﬁ’%?%‘%g‘%@ %ﬁeqiﬂ!gg ‘!&P ?rle?%%%v:ﬂ%@g f&f%srer#ﬂd;lutcf“gts. :
Potenti al Bhatlycifier enplgetatiomaitthee DBM camposition, i whezed thythickendidatillasad dar i ous

Test Conpositions,.and control DBM are inplanted into animals, 6-S sites
per materi é’ISJFeO@ngFFIV Wﬂﬁtéf mrtéegq:a‘}% PEPgest & hQuss toas damgeks lasPardtat i ons

into the hicBdhihEathobRgdhts r{)aﬁ?crf@ﬁﬁ\ietd l@ﬁot%%g?éaﬁ R ﬂﬁmDE a%gﬁhag\?\lg‘l site.

The vol une can vary dependi ng on the nattre e carrié

(13/ ( 1309SmperEategSthan /1328, hrefefd8) gRetu that S0Pmisrqms cind awdst peeseraipy | greedert o

four diff ertﬁa{}lt20-l(_)er§1}crcglosrggpossis 1tt§ widest Qllm%gsion. Also, larger particle size will have induce
bone formation over a longer time course than smaller particles. Particles of different
characteristics (e.g., composition, size, shape) may be used in the formation of these
different shapes and configurations. For example, in a sheet of DBM a layer of long half-
life particles may be alternated between layers of shorter half-life particles (See U.S.
Patent 5,899,939, incorporated herein by reference). In a weave, strands composed of

short half-life particles may be woven together with strands of longer half-lives.

20



control DBM The Test Conpositions were inplanted into 30 aninmals; DBM was
inplanted into 8 individual animals. Protective Agents were sterilized by
aut ocl aviwigQ 03030854 ol | owi ng Protective Agent Sol utions wer @CHrE02329d1

Modi fied Starch Solution Pre ~arationNanel ngredientsSterilizati onE8%
Starch, 1.6 g B980, 18.4 g D waterAutoclave for 40 m nutesF8% St ar ch,

18. 4% gl ycerol: 1.6 g B980 +Autoclave for 40 mnutesl8.4 g 20% gl cerol &EB%
Starch, 28. Itrln 80 2.8 g St archAut ocl ave for_40 m nutes+ 22.2 Di
wat er bef orégiﬁ P8R P ef{@m fpeR OW@GHVWWS{E]&TP%DBMW@@@WE@%I 28. 5%
Mal tri nAut Qﬁétﬁsé? hs dRciibdith 283 8erd 5509, 898 el pd %’e%r%& 9 ¥ference, and

gl ycerol before a%lfg?t? onmgq? 8 gsol uc'Enlgonl\/aHrl n JI%/\RD ) f I‘ll'hg f(e)ren%vm ng Test
.Conposi t i orExfampies 1Bt & ddqembedelep nepran fabricdtinn) hawarEeeshapaddhﬂ&Mmmm

itionReci aE&% h f DBM. d 0.80.9. of
Sol ut L on B eneddetnAhim diftesby airmie pe DGRy il bporinbe) Beamargis i
-powder m X Fﬁéetdrf{%e&ﬁ} tige @Btrﬁcq{ﬁ%ﬂlé? n PErtchaﬂS' tﬂ)?éf@h‘e&"t)%c@%/ ttﬁ’d’eg Bre s@ﬁcﬁ%

Maltrin 180 (n=8)0.4 m xed sol ution

M xt hor ou Hithpspigdiigt dhotihe, thme/qagllyyarbomﬂt¢s B@oﬁn@pmlygybrtesmmpwdt@r m xed
withMaltrin 180,.(n=8)0.7 of ution H M x uhI troI uman
Powder. (HDAD FREFRATS, ot e PSR BAVREE O RSWBIRRY oevish SR AT

RDBI VI was phypfefh thésetnhitribiHavd e 64Abiahtich of i@fhedRas dhd fon a@astm\go 113/ 03U956
PCT/ USI | 2/ 329~1 | nnpl ant WMat eri al MeanSDHDBM - Cont r ol Human Pool

KF- 135- 0405@16011@@0916 msamle@mgt}ampamsalmly apeful inpregmotimone| eassioreBtigsdtn | e
H3.31.2 [8 shin |on had a negative inpact on

ost eoi nduc'?lllw yp Olatefaésalﬁe%&%éggﬁgt Fion in a rabbit model

| nt r odaect i 58] ang aﬁﬁﬂi&ﬁ&‘&boﬁmfehtyoffthe\/ﬁvmkﬁx NeenifeabBMIcotipdsRions Blvihg awer e
assigned to three treatnent gro Test article was prepared as described

i n Exanpl e Be-sylepisd thiae-ginensipaal sgmar@ Frapaeed Ry yepeaded %ppéaa.tm@rﬁ ngc}%ldﬁa( n=20)
recei ved 3.8 I r

following a %%nggw;’fog%?a%n%}%ﬁ%gggﬁﬁnﬁ ﬁAJnelis?r‘gqs ss}lrganetég to t]{?g Hi gh Dose
treat nent g5.4909¢21=220)5,518&Dvench 8f $hivh ivincotperitebbereintbiyatferdnne;tand Sarlight
aravert ebral cle a of the, test art cle i ubcut aneous

P e of et UG RSsR ol S bPrprisbeEin Pk teferie DrEn IR IARoq T o
the Contr ol cdrh@adeTRAYidAAIHDI AT DB pheatatioiB! GHHl@cha I 1 ryi'eoﬂipn@émt rol

article (rehydrated DBM powder) in the right paravertebral nuscle. At 7,
14, and 28 lQugs tigated withritailizing agentsfadigr dmsmnsoffmtdhplph@emw and H gh Dose

Sacri1ced 1 o gkt AT aR rar R RERAREREM FREHES, M rbliiEne

sacrificed bep@htcddretiidl{ ascoavilidng beisghiliRes® dRsihatghay fFedindds Sgentd s“uarnah he
Control treatnent | ant sirtes were coIIectedfrom

. Thi
rabbit and Hﬂ‘%elﬁpﬁ%tris(fﬁs%rﬁgmmc gﬁhﬁf grdlizatign g bs acResey ISMES%%U%@CS
control 'Wrﬁd&ﬁaﬁ%ﬂ?ﬁn{;&@%@nh?ﬁmﬁ(&e gaxé g%%toxidépl(ﬁgﬂégé nhClferitt Ha(nleﬂfe;val

were placed i n dec: I cation solutions for day ter a equat e
forrnalin fmtsh'old@hnom in thi sg wé pepanEeDBM sechprsaleésteg) smscatgmsam:hdard

hi st ol ogi ca hnL tioned at 5 ~ ylin
it cooin’ ke RRAR R RSBt RS pihetnp i AR Ll S B SR

i ntramuscul adtivityRIf aenirkkd1R8d beie ik RBowE & baddtifleftaRD Affetted BE moBi t@ﬁﬁmp ul ar
site for the control DBM (no subcut aneous inplantation at 28 days,

post - i npl anstgkiizatipn presssssamarasaust b dalgstvdienstatilizing the inventive compositions.

In preferred embodiments, the DBM compositions described herein will be prepared

aseptically or sterilized as described in Example 11.

Applications
[60] Improved osteogenic compositions of the present invention may be used to

promote the healing of bone injuries. The compositions may be used in any bone of the
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hi stologically by being slightly nore eosinophilic than the dem neralized
bone conponents of the test and control articles. The new trabecul ae were
i ned by woOusmo9sov 0113/ 0311951 PCT/ US02/ 329~1 (active) oPCFANZA3IIL]
osteogeni ¢ precursors, osteoid, and poorly mneralized osteoid. In nmany
cases there were osteocytes present and sonme evi dence of osteonal

renodel ing. In sone cases cartilage was present. At 60 days
post-inplantation, the new bone was simlarly characterized, but associated

wi th i ncreasad ohfanej kAR inj:8NOHR! impebved MBNIrcReHpREitioN hhoBsR dfeS1§16eQM@S cul ar
stroma (rmrphol og)@cal |y the sane as observed in _bone nmarrow) caontaining

herat opoi ethred geinnayeasiens vibsimdaiinkg afldabééqypb%nnlsmgj 18048 t9elI09 t he
test artl C';.fghEPe?ex‘g r,%a gto ég%l%i\/l}bf?ﬁ'ﬁ CBO% P?ﬂg el Tk QQanE?si?%b&ﬁ%ham

sites than con clée anount age ar |

bet ween t hdnomes)ﬂﬁﬂtarmarepaue'ﬂhisﬁw\tbd inagrite mﬁmath)ﬁctludiel the |e’§lmﬂh& ffomtal, nasal,
differences in . the mcroenvironnent for those individual inplants. The
precur sor cFiPital, padtteletenerdlemanible. meriia 2y8amae ipgusy starssaneliess. and under

certain m o ARADIEL Rl SO VAN b AR, KN BB USs, ERRET 20°.

or bone. The carti ant sites’undergoes en hondr &l
ossificati oanalaﬂai }hmmlmalriapndxusﬁcmypaﬁbéﬂ&rmﬂtaearpalrbctnlaa rhialasges, i@sponse, bone

formati on, cartil age formation pbetweep the st ar icle inplanted within
the Subout SIS RS eIV TRaat o iEia: SR PrFlfREH e s BB R RSN cal
and micr oenmer PEB Ay dhdch 1€ RFeSiP&T WREHE hﬁpﬁo\m bmq@aude%ﬂe dbRemmti on
was noted for oth the" test and control article inplant sites 28 days

post - i npl antesuliing froffhis] vaywuenght Abbutdning thy cofirse b€ surgery, {nfestien,indaigmancy,
or developmental malformation. The inventive material may be useful in orthopaedic,
neurosurgical, cosmetic, and oral and maxillofacial surgical procedures such as the repair
of simple and compound fractures and non-unions, external and internal fixations, joint
reconstructions such as arthrodesis, general arthroplasty, cup arthroplasty of the hip,
femoral and humeral head replacement, femoral head surface replacement and total joint
replacement, repairs of the vertebral column including spinal fusion and internal fixation,
tumor surgery (e.g., deficit filling), discectomy, laminectomy, excision of spinal cord
tumors, anterior cervical and thoracic operations, repair of spinal inj uriés, scoliosis,
lordosis and kyphosis treatments, intermaxillary fixation of fractures, mentoplasty,
temporomandibular joint replacement, alveolar ridge augmentation and reconstruction,
inlay bone grafts, implant placement and revision, sinus lifts, efc.
[61] Inventive DBM compositions may also be used as drug delivery devices. In
certain preferred embodiments, association with the inventive DBM composition
increases the half-life of the relevant biologically active agent(s). Particularly preferred
inventive drug delivery devices are used to deliver osteoinductive growth factors. Other
preferred agents to be delivered include factors or agents that promote wound healing.
However, inventive compositions may alternatively or additionally be used to deliver
other pharmaceutical agents including ahtibiotics, anti-neoplastic agents, growth factors,
hematopoietic factors, nutrients, etc. Bioactive agents that can be delivered using the
inventive DBM composition include non-collagenous proteins such as osteopontin,

osteonectin, bone sialo proteins, fibronectin, laminin, fibrinogen, vitronectin,
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by the anmobiuit of renodeling and the presence of |oose fibrovascular stronma
and hematopoietic tissue) was greatly increased at 60 days for the test
article. Wwoexeew of New Bone and Cartil age by Treat nent @CTNSaNRIT ne
Post-Im |l antationTreatnent7 Days Post-14 Days Post-28 Days Post-60 Days
Post - G oupl npl ant ati onl npl ant ati onl npl ant ati onl npl ant ati onBone/ Cartil a

aH gh DoseMuscl e0/0 (n=4)0/0 (n=4)2.011.5 (n=4)3.5/0.0 (n=8) Subcut aneous0/0
(n=8)0/0 (troafhobpdidin,proradyans] decsrit, msogpmm@mmwglyc(anzz@mm
(n=4)2.3/0.8 (n 4)4.0/0.4 (n=5)Control] Muscl e eg(ﬁo o%?é{o (n—E%O 7/10..7

(n=4) 2. 5/ 0/eSQEA=BNATIDMatHS glegirpistdyrRrenas: cells ammogiruls,Rentdes DAEHHC 2 0- 4
scale wt f n

bonel car t Hayats Hdg C?ﬁ%ﬁﬁéfmﬁ&%ﬁﬂeﬁ@ﬁﬁﬁzﬁ&@ﬂs TR e

PCT/ US| | 2/ 3@esis omfaquedomnzymm (vumabisal)orbmmes salubid EaxgenSOIuUi@c(ngp(Z@nEO% of

| ant area occ ed by ne one/ cart.il.age; .3 be 51 75% of
: %l ant arfééh%'@@ggﬁll%%y%?%}/ﬂ AT6lb E'-‘x\%ﬂg ﬁ@i bg%‘f?&?@&?t“hﬂ&é‘é‘g tpepiegl Pﬁ’g 76- 100%
of i npl ant. afea ;0GR &dd ¥ Qﬁ\f&cé\sb@m 18danBORRIERNS irhiR@fd fHRaTchdndkidds,

Term nal Steri |zat|on Tﬂl s exanpl e describes a term nal sterilization
met hod whi interleilningi antigerss bmettindrotipoinds thasge ¢1Id0tcm§>s¢d1\tléme|0\véls%n€epar ations.

The i nventjve DBM arations are duce an _roogm.envi ronnment

fr om humantf3gadls eg%fglmltﬁf‘%ﬁngﬂzymg'é%t cgggg tllcﬁl 8¥\C}as§Ualtcot ray
packages. erié 811 éo’ﬁffBl&Qﬁﬂx V\%d?en’éﬁyrﬁh'lfﬂeﬂBVa%@lo%@ﬁicldﬂ@gﬁ@@l@ﬁm@h@&mﬁ&&t i on
El ectro B. Weesp- Hol | and s supplied with cyl i nder consisting

of 50/ 50 hymm@egbﬁtmcgmam eBaparated h@a@mwgsa@k@gé‘éwaraéergw @S- they are

evacuated a clfil h th as g, the
o m et s e colign sl gt all A Yook BPucch, LMD ARERIAR.
seal ed packaggeseldd$hchAsBhdrdeadyed, svdoblatts, K@bc@armﬁbmwsa; bae rharew aclipbal t
60 source to reduce the bioburden of the inp %‘FS to the desired | evel

Exanpl e 12meesshunpliicrosels ﬁWdG’éWe\FTaWIWSﬁBM EYEH RPPOMSTRGEBNP and/ or
other gr O%ljgtefn%c(tﬁi\d?s), transforming growth factor (TGF-beta), insulin-like growth factor

(IGF-1, IGF-2), platelet derived growth factor (PDGF); fibroblast growth factors (FGF),
vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), growth
factor binding proteins, e.g., insulin-like growth factor binding protein (IGFBP-2
IGFBP-3, IGFBP-4, IGFBP-5, IGFBP-6); angiogenic agents; bone promoters; cytokines;
interleukins; genetic material; genes encoding bone promoting action; cells containing
genes encoding bone promoting action, cells) genetically altered by the hand of man;
externally expanded autograft or xenograft cells; growth hormones such as somatotropin;
bone digestors; antitumor ‘agentzs; fibronectin; cellular attractants and attachment agents;
immunosuppressants; bone reso.rption inhibitors and stimulators; mitogenic factors;
bioactive factors that inhibit and stimulate second messenger molecules; cell adhesion
molecules, e.g., cell-matrix and cell-cell adhesion molecules; secondary messengers;
monoclonal antibodies specific to cell surface determinants on mesenchymal stem cells;
portions of monoclonal antibodies specific to cell surface determinants on mesenchymal
stem cells; clotting factors; polynucleotides; and combinations thereof. The amount of
the bioactive agent included with the DBM composition can vary widely and will depend

on such factors as the agent being delivered, the site of administration, the patient’s
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In the series of studies presented here, hybrid reconbi nant human BI VI Ps
(hybrid rhBMPs, hrhBMPs) were prepared possessing stronger hepari n-binding
epi t opes VO 03/993 er mi ni conpared with the vvild type BVMPPCTRB02/32941

hepari n-bi nding site enhances binding to the ECMincreasing | ocal residence
time of the BMP so that the potential for interaction with the appropriate
cells in vivo is ma<Yim zed (Kubler et al. " "EHB1VIP-2. Initial BMP anal og
wi th ost eghmbl@giculecomanm,r érb.eThe dptimen lédiebsf eing dBtarindhddsiahi specific Gsppl 1: S
134-9, 1999; incorporated herein by reference). The aimof the studies was
to conpar daseHapesilsoniaded nspeoffes @Wlankl of hybrid rhBWP-2x (hr hBMP-2x) with

w | d-type - L - 2 . re LSt jeal
oxi st et wiZH i RERRERle\ Byl LRI TR HAE L B PRI el ke o
devi t al i zegle 61 maed corapamdd snectedfrom xe. grot® consiaOnpdf HRIgY Biat adviat ymdptiPCT/ U
S112/329-t 1 To assess, the osteoi nduct | Xcel S‘ct‘i Vi g%/ o{. thgph bhrid r hBwMP- 2x,
.1, 5, and 229BCHPR riunconal sites et BRTECTOHBFRYaLR O Ry PLOFTRINF unan

dem neral i 0 ' : [ i : PPRipRARdY i N
athymc r é%r gﬁ f g’ﬁ?&‘glﬁ@%’ F %g;u er hég’rsg%%#ﬂcﬁrdr@b Il:ﬁérﬂfr:lh?rﬁ|£’>E<H O\aé/as prepared so

t hat the a®paninedddhitaminpatenbicsnolyalbupps propraabml,\seB0onin), drugathaygetain y
seen so t_g_g% di fferences between treated.and untreated M wer.e evi dent.

Control s (BHEERLRErSPUSYSER (Gt PEPRT AR ZERSEL (AP BHEOG N ct | vat ed
human DBF ymfhiing! lﬂ@@aiﬁé,qaléa.lctaﬁl:{jréggacah@ﬁ E%Etlvglstﬁrn@,cﬂlﬂﬂc_)atiﬁé! ParoRetirid, vat ed
an ~g hr

ri
human DBF combined with 1, 5, ) - VP-2x, active and ipactivated
mat ri x wi tvalpgoie agidpcariemazspiRxomociptines mopphine, dertenyhenadiverene. MAKENS i cal | y

usi ng a 5-poi scori.ng.system (score 4= >75%.0f | - ponal area
of the i mAPRn RO D s G bR bSwEhORs, BERbEANE o o2
1-25% 0= fa@rdrenstérdiddBérbMa)yn(soied, d&oﬁﬁ’yiliﬂ)?mﬁlﬂlal\/hffe@(ia’rabmdhugh NL.

Ost eoi nduction of hunman dem neralized bone; characterjzation in a rat

model . O iqaadio@senlspfungtion 1%, psemilogthigzifice ABHPLES SPIHIIMA IS, CAPEPE e nce) .
Resul ts Hi l.ogical kil . ri i 3 : i was

i nadequat eeﬁ%%ngégﬁ}oﬁgﬁ(égg?ggﬁﬁ (glﬁfshg’rr%% %Ps@hgtr@ écgﬁil%?ﬁg’éﬁ E&Err%l?%hogen. The
devi t al i zegiossinp] quinldimecadenoging, idigtalis Bievamthtin ApvastatinesinSasteteyi t al i zed + 1
~t g hr h- BMP- 2x scor&d 0.S0.4; DBF matr. cored 2.5 0.8; all qf,?g r sanpl es
scored ~. MeVAoRAitefrugs &t ﬁéﬁtgﬁtwe pleinchgn (G AUPREANAS 813 R o dul es,

a qual i tatpgiotics (e.g., tetracycline, clindamycin, amphotericin B, quinine, methicillin,
vancomyecin, penicillin G, amoxicillin, gentamicin, erythromycin, ciprofloxacin,
doxycycline, acyclovir, zidovudine (AZT), ddC, ddl, ribavirin, cefaclor, cephalexin,
streptomycin, gentamicin, tobramycin, chlorémphenicol, isoniazid, fluconazole,
amantadine, interferon, ); anti-cancer agents (e.g., cyclophosphamide, methotrexate,
fluorouracil, cytarabine, rﬁercaptopurine, vinblastine, vincristine, doxorubicin,
bleomycin, mitomycin C, hydroxyurea, prednisone, tamoxifen, ciSplatih, decarbazine);
immunomodulatory agents (e.g., interleukins, interferons, GM-CSF, TNFa, TNFp,
cyclosporine, FK506, azathioprine, steroids); drugs acting on the blood and/or the blood-
forming organs (e.g., interleukins, G-CSF, GM-CSF, erythropoietin, vitamins, iron,
copper, vitamin By, folic acid, heparin, warfarin, coumﬁrin); hormones (e.g., growth
hormone (GH), prolactin, luteinizing hormone, TSH, ACTH, insulin, FSH, CG,
somatostatin, estrogens, androgens, progesterone, gonadotropin-releasing hormone
(GnRH), thyroxine, trijodothyronine); hormone antagonists; agents affecting calcification

and bone tumover (e.g., calcium, phosphate, parathyroid hormone (PTH), vitamin D, '
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scoring systemwas devised to determ ne the vascularity of the sanple and
residual DBF remaining in the sanple. The foll ow ng scal es were used:

Vascul ar iw® 0§/p3dsdy rmarrow): none=0; m nor=l; few vessel sPCTHNP/IWdEsel s=2;
noderate cellularity and vessel size=3; extensive cellularity, |arge

vessel s=4 Residual DBF: none=0; m nor=1; |ow=2; noderate=3, extensive=4 The
active DBF matrix treated with hxhBMP-2x produced a nore differentiated
nodul e w ﬂal'mphbitpthlonateg&hldiia:hinmldridﬁ)ayéam,lnséﬁ-geﬁ@pﬂ@VméWQSm*Feacf%r mati on and

hi ghl y devel gped vascul ature i.ch was not .evident. in. j ixkzed group
even at t%rlg%‘ﬁ%«ﬁanggl?%‘éh‘ﬁl%t QG- EHOUTSy h%g’énc%lfﬁ%e’&g%ﬁlaﬁs’;{e céﬁ rier can
be compar NGt 4! enB®SE@Nviral Vect@s, dubRid-aciBbetirimgnsi onal
.Struct uregﬁgﬁgﬁgbgﬁét olﬁ)ggég}}eg@w&%@l%e_%qw@?g sU_ WD 03/030151i .

PCT/ US02/ 3p@somds, DNpe-protBindoRiugates, adticeuseA20RiE); of ather asats sUesaUrRetiRe and
mar r ow however, the residual bone content was far greater that the active
-DBF count &gﬁ%ﬁste?c'COncl usion: The results show that the nodified hrhBMP- 2x
possessed 851 ONGekrt At @toadh&ttd, e dpeaperbeideBvérbdis ddserbedtor@sfendisag wi | d
type. Gssification was accel erated and the induced bone .ti ssue showed a
denser st rassaciated wighribe miatsty beingaimplangedsctle aggRlmALbe Wﬁ%ﬂatﬁi Wﬁﬁ%m\%ﬁg‘

conbi ned wi ikve DBE.magri x : Vi {Z Ens: SP&vaRst of | kel y
expl anat i o#tg%ﬁﬁl\ﬂggglpf’?lmﬁ‘ %gugh%ﬂ%@@f}gﬁ%ﬁﬁ%ﬁ%ﬁﬁﬁ %Sf’ t he hr h%l\/Ps- 2x at
the i npl an{até@alett ireradiftas pEREhpleeolpecifictifteragiomtihclidethose etwedner sit e

all owed for longer interaction tinme with |ocal _cells rather t.gan | eachi ng

into the sligandumdianecapiarsteritopeand & AFRORYLE X ARHEHY RO RELH 6N sites. An

active Ml aSihs gr;ﬁgﬁvdeﬂ'wf%o 6t AsECkisRcclestApiRdhetiGhDRapRLL es of the

exogenously a or presuma fy_ due to the conbined interactions
of many grpwdrhctfons dipsle atteratignspvansieniWaabs idtsmactions hydwgenbondingatst d et al .
"Al | ogeni ¢ bone.anpd_ cartil age norphogenesis. Rat BM j. i b itro"
J. Crczni offiriin ppgediments; Wﬁ%gi@(%ﬁ&é%@ﬁhﬁ% i aeirn[;kee 586/1\%? %Efa f”‘lge}g;{é of
different fr@ﬁ{cpﬁséo&&e%ﬁl RORE kR s RE oPAcHRRTH bBS. Of cormbpprbferadt BMPs" M cnd
Ki efen Gesichtschir. 4 Suppl f: S465-9, 2000; each of which is i coz]F)orat ed
herein by embedierents) thegamyip be ddivemdonay se @qtaqbﬁ%r%@d&nwéep@gg%ﬁé&fs Pt

ost eoi npl ant wi.t h. defi ned di nensi ons.. HONE 2.0l iRhesus Monkey,
cani ne, an?ijBtlB%q ha Feecoggléﬁ%ﬁlﬁ%%%}r(é?g%em esc-%éﬁ gg@foﬁbﬂgo M f or med

i mpl ant  MatiibeeEnenBARE BganBicchadfipéied & dtjachddeanadntiBtuy, oofragnoalt theoed, was
processed in the bone mlling appar atg}se descri 5%31?%%0{# S. l?.atept No.

5, 607, 269, thahsenogaizes axemiope fngyvihan thegpatex of ORISR Y? ans of

el ongat e bone. fiber ik REINP WEGE- R GE §fdrdtiyraidr eact or  and
al | owned tOpgﬁbc&laggrp?gfg%ﬁfe@%ﬂ%@%ﬁlggﬁﬁﬁ..10_ 6 N HC ;?F us %irz 00 ppm

noni oni ¢ s ibfractiaPTHokowito factdfg ok engingerde &icivag elngerteinemberimentsadsasht | 0. 6

N HO at 15 m,  per. gram of total, pope intr ed | . or al ong
W ih the cPenGEIHONER tepGbah B PERITT sk BHHEGHh A Pl ARGk
mnutes. Foldowrathididiveagentt ke atisdhea t6 1RVBBM dwnposisiont i ng demi ner al i zed

el ongate bone fibers were rinsed three tines with sterile,

! v [ dei oni.zed wat er
at 15 nl pdédlgr Ehegowthofaator Bebitizing siraigeies fessbed ereiismay Al eﬁmlbeﬁvm s.
Fol  ow ng drai nage of +the water.. : i : ' béheatl cohol
and al | owe 1rte8ﬂ§ goa oWl ?ag{;orT %sgggxatg)@%rh&%ﬁﬁtgfsehp%glég? E&eh o5 QUBHES,
cements, or polymers. In these embodiments one, two, or more growth factors are

associated with the synthetic matrix. A growth factor is associated with an anchoring
matrix (e.g., amorphous or crystalline calcium phosphafe associated with a growth factor

- such as BMP), wherein the composition is prepared in the presence of a diffusion barrier
such as amylose, fatty acid, or a resorbable polymer, or with a combination of at least two

or more of these stabilizing agents. In a preferred embodiment, a poorly crystailine
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WO 03/03W956 PCT/ U S(12/329.11 al cohol was then drained and the bone
fibers were rinsed with sterile, deionized water. The bone fibers were then
cont act eWONI/M3095aTi xt ure of about 4.S m gl ycerol per graRCHUSE?/§2%bne
fibers and about 10.S m sterile deionized water per gram of ‘dry bone
fibers s for at least 60 minutes. Excess liquid was drained and the
resulting liquid conposition containing approximately 11 % (w v)

deni ner al 'c%ﬁ;‘ﬂ.ungyh 998 a{eqs RaBSalel RaIhs pewt gransi ercieaniked with 3 stmixledithiom nol d
containing a lid having a plurality of protruding indentations

(appr oxi nediffigioh b8cier.x 3. Scmin width and | ength, and 4nmin depth), the
lid was gently placed on the nold such that the indentations becane
dimersed into the fibers to exert as little pressure on the conposition as
possi bl e. [EBp dl"l'i@%é‘ﬁﬁ&ﬂﬁxeﬂispb&’(@of)lfhetpfe!s&itom\&nuan Wikt baﬁni@ha; pgrediated fipen t he
size of the osteoinplant required for t he ani.nal n@ i interest. The
resul ting mmﬁldptaél@egfﬁ@cfoﬂ(i)\ﬁ@ﬁﬁw eé’fwwcb‘;a@rfpmd? g 1H5tra?°§ B in width

and about a3-defifgéd i N

| engt h, "’f#rﬁ% anc}ggfé%{eh ohﬁfﬁﬁe o ﬁé}lh{eﬂ&&i;tog‘{)ﬁ@H%cgﬁfhen pl aced in
an oven atb}Aﬁu@cﬂgﬁﬁlSA hours. The conposition was then frozen overnight at
-70C and then |yophilized for 48 hours. Follow ng |yophilization, the nold
was di sassenbl ed and the sponge-like formed conposition was cut into

i ndi vidual pieces that contained tr0llghS. The resulting conposition was
cohesive, flexible, sponge-like with an obvious continuous

i | n~ee-di nensional structur a with vikiampevpen pores, had a defined shape

i ncludi ng the indentations nade the lid pr ions, did not require
rehydrati oEnga@Aé%gggapqg e%gra%e&lgqrg? Wt(ﬁl?(a@g&l’lz a.nd retained its shape

once wetted wi t iHnrwhshARdpdrb®eahdShyWaShB@br fecBiqiie mbwlorntsetmeege Exanpl e

14: N ethod for Fabricating a Partially Enbedded DBM Poly osite The
fol | owi ng Ressebic?izb Qxﬁwedlas @2((5&1@2:”65%11 Waﬁ@&?%%éerﬁ*ﬁtbb’l tngeé’roﬂ ally
enbedded | hEsar babl e AR =Tche DEMVR RegVae an
initial 3@ ovg8¢ Eotth mc?(?{%%ﬁ} égﬂr?glrllll-gd nbe g%%g Sy nor tion, and

then a conm@w@@ks eSﬂU*D&nﬁferdmcdiBgﬂiéﬂﬂxqﬂmﬂs’t ﬂlmz@BMPthhSergaol W@)‘hﬁegr ades
with time. The mathodlsBartlcuIarIy 5? #Etedf r enb f%g’&
tyrosi ne paty.cAPBOIEPWhHiEh i3 ceigpriqd herein by Leleranre o ane&wﬁo%_ H de co- D,

L-1actide %Q(n?%nc(r? h:'iéalﬂ {o JeRB6t B MherehhpérisledinG etk BdhEdtBAltRBue,
application in posterior feral spine fusion, where it can be placed

wi t hi n t he wmioes aigagmhtseandtcmrqﬂagmtiﬂ@celtmerbpnaﬁwéqes%épaéﬁt@@@@@ dsapgecortical
formati on. The t hod c 0,03/,0309, | ,PCT oused to
hal f enbed P2R® 5%%?‘&95‘?5’158 & %ﬁgﬁvﬁﬁ?ﬂg%b%r SR ()lﬁg%{n%%geﬁé# descri bed
in Exanple ﬁgr@&q}{@efﬁé{em@if b?hﬂﬁ&qfdéﬁd Washds &l dx@eictions. (H)erﬁl@rrbonefrafn laegtr
cortical bone fibers, where the bers, are cut approxi matel g&iﬁ |{|ch in

| ength and aatm@lﬁg@d rxend@phq/fromrandéanwrﬁﬂ@%ﬁiftfﬁomslu%ﬁ*ap%‘f i

fi bers substanti raII e aldiv grmggaked by
thi's met hodt FeAC R pBEE Sy We iy REyy DAL e ol Aot &

appr oxi mat qhmé\zahmgckfmgsubel ght is used to hold the ground pol ynmer, al ong
with the | ower portlon of the demnerallz bone, .The fiber un

matrix sanpl e i sTecHeascdhongisithen SRpsd W g’aﬁ/ﬂ?ﬁ“&%ﬂ@%ﬁ&ﬁ%@?ﬁ%ﬁ%@%ﬁe

periphery o C § Op&HaR iy iRA pERI @ 'd ébonkledhei s t hen
applied to ;{tﬁ%ﬁﬁ}éé@gﬁ ?ca¥l9 zﬁ%‘(a@ogﬁgtﬂn“ thelp Iyr?er hags nmel t ed. The

clanp is t hsmetis tioh ereabtédiivitrdtoguent ehmxgesityf auhiytieous et leheein 4 ime hqad

f I owabl e, for n ow into t

bundl e. Thel0p hg?%é Ppibal Thert Prdhetas udohet 160 2t BRnd e pg i hg’aﬁ%d
removed, %ﬁﬁb@&&%ﬁ%&mﬂ@f éﬂd%e@fan& bn beé bofed it fbdnlfl%r@efamdepol yner. In
,preferred erfbodi ments resorbabl e polyners are enpl oyed. Tenperatures are

used whi ch melt Thedgyidyatet bans lath%”ﬁtoa@ﬂ and,ther py VPnytdomamqaw HHesTe! t ed

polymer to flow.in and,around .the.d &tqsgffsm A,
.tenperat ure r%qﬁgpg% glgllv\‘P}lfveBée bone ist %nﬁ gﬁg{léad 1'ngc§aﬂ‘aaf6lﬁ§ of M (o}
and greater than 450 microns. Bone particle fractions are then demineralized using 0.5 M
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fromabout 0 to about 15 degrees above the glass transition tenperature of
the polyner. Since the biological activity of D.BM may degrade if

mai nt ai nado as/olemper at ures above 60C for significant peri ®63/uh2/83%es, the
preferred polyners will have glass transition tenperatures |ower than 100C
preferably | ower than SOC and nost preferable bel ow 60C. For tyrosine

pol ycarbonate DT a tenperature of 115C for 10 mnutes is enployed. For poly
(L-lactide t is also
ol 1 cabl o o progiotf eBfied Bt Setth o 84b0R iper ot IO '
facilitate nmghyﬂimﬁtnfelr@wlth@f@ﬂmﬂoﬂ t@pikbent DBMhpatemarlairgochiposfions ambblacks xt ur e

Gem neral | FREHRE RompRIAY AR HRe Cpvisa ety M R s, L1
preparatior, gnlmﬁr a?]{g'x}ﬁ gﬁpﬁ%%gﬁﬂornﬂgfeal?&% rhpicAlR0 8y Tiikn Q)r gpne particles

dem neralize re- swo l'en w'th” 100% ycerol, excess
.83 V1'O hﬁhdélcald%ﬁ IREBIAgRORAZAGed ('gJInyI@msm btaing. ﬂ“hmédnd)ybémied nnan¢re}s

Lact 9-1, | act o lid T
. Nort h HEEAEbedApay P Sedh bezenyrase g aF b e mprhrs e PHO betr
The m xt ur ec L Fratlp)! fl‘hé:@ﬁfer WRsiResRh He @éeaﬁl@@fmﬁﬂh@@éﬁ‘g@ ga$ieRk lahd ehib$6f mbvrfer

DBM m)nollt I's pulverized 1n a cryom | sieved to a particle_size of
about 130- 1R6@ven, theomsheDemsli bezemawdice/cbebbrfég%iw@;fmth&fwr#@1101&3I &8¢ t hin
based DBM preparati on i.s pre ar ed othe met

" Syner gi st |%35E’fnlge%efpsre%‘mq§ea@? ﬁﬁﬁﬁﬂﬂ'ﬁﬁ pgﬁ EBOhE a%Cl%llude

Rats” Abstract fﬂ)é}ﬁln’éﬁﬁz@@h&hﬁﬁ&&is Aeetiidagdobitt ﬂm@escofaibyom@reﬂﬁnomr ¢rials
(2002) incorporated herein by reference. Briefly, Pospholipon, 90G

(Ameri can Lexr ving 200md afi pthanel ner g ofi stastips hensaragiiclese dl %ﬂ@eréﬁl 1% vvel ght
ration of be 0] eci Q% 4 Q%ﬁl
starch based r‘éﬁtﬁ? ﬁ%?gfr?ezg%‘g‘g"gﬁ%%| agﬁg%%?%ﬁpa%@g%%g%%@%%tﬁ%ﬁor PEX e 2 vm t h t he
excepti on tdiadr,pen ganoo@stéding Bod particed. A fadr thesharaabe @[‘eeihhommnmsd,abded to
the starch carrier. In place of .the remaining t t‘.gi rlﬂ?e of, daj%e alized
bone, is addrrineiglized bomsmereleris rlﬁfh%‘fe“&g#‘tz‘@&h%&?g yrpib Al e reidnal FiGREAS: 1 o
#2 of this dofl gshﬁwmmé dnfl i RFR.t DS st} ARk
preparati on% o TW%@PH 6\%3) 'gu%si rate Poly-L-1ysine may be used as
a conpetiti drc&mnadahba:d mmefratesaly it may pe teatad avitroodrethylene oxide or irradiated.
To test the bioactivity of the prepared DBM, 25 mg of the material is implanted
into each of two thoracic subcutaneous pockets in shaved, anesthetized 28-day old male
Charles River CD rats. The implanted specimens may then be harvested and inspected

several days after implantation. The composition of the induced tissue can be quantified

by histomorphometric analysis and be biochemical techniques.

Example 2: Another Method of Preparing DBM.
DBM may be prepared using any method or techniques known in the art (See
Russell et al. Orthopedics 22(5):524-531, May 1999; incorporated herein by reference).
Demineralized bone matrix was prepared from liong bones. The diaphyseal region
was cleaned of any adhering soft tissue and then ground in a mill. Ground material was
sieved to yield a powder with particles approximately 100 pm to 500 pm in diameter.
The particulate bone was demineralized to less than about 1% (by weight) residual
calcium using a solution of Triton X-100 (Slgma Chemical Company, St Louis, MO) and
0.6N HCl at room temperature followed by a solution of fresh 0.6N HCl. The powder
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Tl us exanpl e descri bes the preparation of dem neralized bone incorporating
poly-LIysine. Poly-L-lysine (10-300 kD) is prepared in 1ImMMHCL in a range
of concemoas/vps from about 1-10 ng/m . Dem neralized bomeTitsopsmpar ed.
Followi ng final washing it is mxed with the poly-L-lysine solution in one
of 5 concentrations'to forma thick slurry (~0.33gm nlL). The dem neralized
bone/ substrate m xture is |lyophilized to dryness. The dem neralized bone
thus prepapedihiSydssaled WitidelohiRH WallriMtiphe PHNvEcrRatePibah @10, IRRBAPRE 17: A
fatty acid/starch diffusion barrier matrix m neralized bone is prepared
as descri badkédindRngthancl Andvftebzet dréedrto diss iheatSYo restduat mplsgirpol yner / DBM
preparation is omtted, being replaced by an equal weight of the lecithin
preparation, WO 113/03119; 1 PCT/U 5112/ 329. 11 Exanpl e 18: Osteoi nduction
of DBM CO”Eﬁlcﬁhlﬁlb 9N Fofn@BtidY PerfedRaterMRd OBMITonsRRHE of this Exanple is
to eval uate the osteoi nduc |veﬁ§oterjt_| al of DBM conpositions usi n&a
.het er ot opi ¢ ost B saduiert wasepre@rethlyy imiephaapprevsienately ke fwiav)ed the modifted n.

Othop. Rel.. 357,219-228 , ISt i . 893- 65; h
of wint ch i S PR oR AP GHPI T e 07 Fio RN G0y et~ °°
cuboi dal shapmdwWABMteAlk! ddibgsed WaeR Midatxngs wais thBatBBid 70°080 re- G tinisSN

60/ 159, 774, filed Qctober 15, 1999; WO0232348; each of which_ is included
herein by TbfBeaskdmzedminarowps ten pastened iy SR aHock¥E A ype in t he

cube of th OW } n j . Thi

plant 11 SR Ry PRk ) BB R R e LR B e

Wi t hi n t heofiaridingt lhezedled @birice alixturdeas thtxt ermbihed aitth DRMefloA(Bem e 2l

vol unes of cyunch, sanp] es. wei ghi ng proxi mat el y 60 re ckaged in
505 m bl ufid Valgh &y &11o Qf@égr.oxrznaﬁkyg?@hl%ﬁ%ﬁpscfa{%n?@rga'gﬁzm&% ai ned
fromHarl a ; i h&viteN) . Aninmal s wei ghts at the
time of su?‘é*g%ﬁggﬁgﬁwﬁmgEﬁits‘%sggg?g%z@%ﬁ%’ﬁ‘” 8-day and 49 day inplants

wer e eval udliedatifhanbadihens: Sthes somporentiswiels seglyhérst whisgidded 49 sollienf | ber

conponent s_scor.ed inhdependent | f tge ub nd s _assi.gn X
nuneri cal E@BF()&‘IB?}S did%“g‘%én tt‘?#mg?eal%o t}"_éaﬁ riat(%é'telatl ° \é\ﬁ%ﬁeegegaggggg%xﬁmper cent
of fiber adg@@ng ¥ GndPEbnhgbsARY BRI dnarweré found td hevecatheptale hiilingas assi gned
a score based on the percent of central Haversian systens involved in new
bone for mathawctengéisyal ts: New bone, marrow, and adi pocytes were present
t hroughout the fiber portion of the nodul es. Chondrocytes were present
within the central Haversian systens at all tinme points. At the 28-day tine
poi nt, the Exm@apledstSabitidedcDBX score for the fiber portion was 3.1 ~ 0.5
for the fiber portion 89.8 = 5,8 % of the Haversi.an canals o ied in the
cube portion. O%B%?%J\%‘Peéo‘gidﬁ&qr%ﬁ%@rwrﬁ?@% griangy Oiéﬁ“feﬂ%"%ﬁ&%ockets of
compositions with different stabilizers. All preparations are prepared aseptically, and all

preparations may be used with DBM particles, fibers, or solid formed matrices.

Class of Stabilizer DBM form Method
Stabilizer
Diffusion Barrier Resorbable polymers in Approximately 150-1000 Pre-swollen particles are
powdered form: micron particles lyophilized | mixed with polymer
Tyrosine poly arylate and then pre-swollen with powder, The mixture is
Tyrosine polycarbonate 100% glycerol, excess Melt cast at 60-115°C.
polyorthoester removed by filtrafion Following coaling the
polymer DBM monolith is
pulverized
Phosphatidyl choline Approximately 150-1000 One or more of the
Phosphatidyl-ethanolamine micron particles lyohillized indicated lipids are
Squalene blended with the DBM to
Starch phosphatidy! choline prepare a paste containing
about 30-80% DBM
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g‘ﬁtec%er?g‘fﬂsons enpl oyi ng | esser anounts
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a product wth a very

stiff consiconeamtrgtionsreeidfon rfcprmlmtlcmn of gtabihzing @gent@\p@¢ prepared and incubated with
serum or individual enzymes ( e.g., papain) in pH 7.4 PBS buffer and incubated at 37°C

for 0.5,1,2,4, 8, and 24 hours Samples are then extracted to determine the

concentrations of growth factors and other matrix proteins as outlined in Ueland et. al.

(“Increased cortical bone content of insulin-like growth factors in acromegalic patients” J
Clin Endocrinol Metab 1999 Jan;84(1):123-7; incorporated herein by reference).

Samples are prepared for native and denaturing SDS gel electrophoresis followed by

Western blot analysis or Western Ligand blotting as described in Ueland ez al. (1999) and

incorporated herein by reference (Ueland et al. “Increased cortical bone content of

insulin-like growth factors in acromegalic patients” J Clin Endocrinol Metab 1999
Jan;84(1):123-7; and Walker, J.M. (Ed) The Protein Protocols Handbook, Second
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WO 03/ U3(1' 156 PCT/US02/329.11 of DBM becane crunbly and fragnented while
m xi ng. These formul ations were then quantitatively assessed for handling
as descrivedi/hbabsw. Assay far conposition hafzdlifzg prop®@CFiSey329Fhe

foll owi ng net hod was used to establish consistency in handling properties
of the inventive conpositions. Conpositions enploying starch-based carriers
Wi th penetration resistance values of 25 -120N were consi dered accept abl e,

ith | .of s .
Wth va ugﬁqﬁg%%%)zggfl\l regvgers?g%{&% ﬁle?ue)lr'égg ,re%}g\f)ﬁ%ﬁh £ SRGSpaRkMRLIES

bet ween 4 nore pre e. 1" dianeter X 9" long
t hreaded (byléefdrbick).push rod was nounted to the actuator of a MIS 858 Bionix

Test Systemfitted with a 1kN force trail sducer,. A?pi ce of. 12 % neter X
6" | ength PVC pP@eplepeonianing Seailizang 1ecaf AFmERSEaHRS fes} &%gr?(?aélﬁgﬁ 8EY gnd a
| arge wei gPac%iéﬁn'%ﬁ%.ppéﬁ]%gM&%ﬁ]@[}@%iﬂohﬁsta{b@liﬁfé’ﬁ ehtnisiRe Behftss@Qkobone

formul ati on. spacer was placed on top of the PVC
‘t ubi ng andostedifidneatitparie 14 X1, ane 20asysieityeblyrietrat assaSe dxispet Jagwlessdn | oaded

into the ti f th [ . | .d i l. ith th

b r emovedip et araRbHG Gomg! feivey dnt BB piktre S A 0o F aded

syringe Waih&ﬂgga&%ﬂ q@ﬁt)i cally into the spacer/PVC pipe assenbly with the
up. The

pl unger facin whol e assenbly (PVC pipe, spacer, and syringe) was
centered on the load cell directly under the push rod. The center of the

pl unger was, |i ned wi t.h, t cent er of. the. I range
Was Used f EXaRRE & esimipiop Tipe e IHisioR giﬁ r?ﬁl?gir?vgﬂl.ebwg#n PRATr i mum
| oad requi fgdiaho extrude the bone mxture was | ess than 90N, then the 100N

| oad range was used dtuing subsequent tests to achieve_a higher .degree of
accuracy. T66 t 3bis Branplechesacteizss twdises epvameolindgtionaf bejie FEVEND afihe

di spl acement, was zeroed, .and the test uas JWhaiianses wer e
extruded at™MgTE arosf‘teéﬁfﬁggﬁﬁlqvgmg&n%% rm?ﬁ%gl%g%k%ggrr“gﬁgﬁ %M)BZO' Em i nr(

conpr essi ofy EXABpIRV At RKAtEUNY f 1ok 28, ahdqfideyd Tiis Exampieds gudlar togherat
formul ati on was then determ ned. Ex |l e _20: .Det.ection of Anvl ase

Sensi ti vi t ynoel BressarmpneoeiedycHien 0_? ﬁ%@@@ééﬁ?@ﬂfwﬁﬁ ¢! ﬂ’;)l QE‘EW‘Pg‘éGE‘s‘)P&ﬁce for
starch- basqd, bRl RIS AR Chatshail ek il £RE: UGAEIY (Rl OFMepaRisng (e
anyl ase resistance of a starc ased carrier increases the effective

resi dence t35M210$228 Heewarher #99F; dhdooparatgd herpinditrgferenseand t her ef ore enhances

the stabilizing effect of th ier. .S7 . \WO11341)31195(~ -
S0/ 320- 41 Bfbn Teista o copoved G amE(uel i i bipre BEbgyehta

pancreatic @, ampkagRcRE%IMPA6IMERSHSHRS & Kiddn wshemiplnaby Thehiaddinthe
br eakdown of anyl ase-resistant starches to gl ucose,

intermuscular site was used for the initial determination of heterotopic bone induction
properties because the site does not naturall); contain bone.

[68] Female homozygous rnu/mu rats in the 50-75 g range were obtained from Harlan
(Indianapolis, IN). The rats were housed for one week for acclimatization purposes prior
to surgery. Sterile microisolator cages were used throughout the investigation, with
sterile water and rodent diet provided ad libitum.

[69] Implant Placement: A single intermuscular (IM) site was utilized in each hind
limb of 30 rats. To provide a common positive control over all animals, a single 40 mg
sample of rat DBM powder was placed intra:tntlscularl}/" within the left pectoralis (L.P)
muscle of each rat. Animals were allowed normal activities following surgical
procedures.

[70] Jmplant Materials: DBM and test materials were kept at room temperature. Eight
145 mg samples of Test and eight 40-mg samples of DBM ﬁowder were tested for
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The breakdown of the starch and starchllipid conpositions of Exanples 3, 9,
15, and 17 as well as new candi date anyl ase resistant starches and nodified
st ar ches,wo83/00psd or ed using the resistant starch assay kiPCTfuso3Nkgazymnme
International Ireland Ltd. (Anyloglucosidase a- Anyl ase Met hod AOAC Met hod
996. 11, AACC Method 76.13, |ICC Standard Met hod No. 168). Fornulations with
sl owest breakdown wi |l generally have the | ongest stabilization effect in

' Ex The fol
tomposi t | onabaftioRhALEd 7 1B ST A5F, SRTBARS o AR W kel PRy
Exanpl ex 3Th940i15gsa&fyﬂesib'fDmrﬁohﬂéﬁm&rr@hﬁﬁt@@w&hquﬁwa&erm nut es tO
sterilize th rLor to mX|n% DBM Conbination #1 - Carrijer
consi st ed éf %prcﬁnﬁp osistatenty Wﬁﬁ@%yjbn@a@?%f thecsamples Wﬂstmcbwn%ﬁrhﬂﬂder

bei ng wat ey, {‘@5{11: Maps
281 and 15% Teci t flﬁéé&iﬁﬁﬁaﬂoﬁeﬁq dpgorrﬁi géeﬁfér?;&x%sgég}@%g#&lﬁ IF?QJG é’g
.Carrier 3 mmsfﬂlbeaine)im}ahmet 6% GPC B980 and 5% Lecithin wit h the remai nder

bei ng water,. Conbi nation #4 - Cai Tier 4 consjsted of about, 6% GPC B980 and
1506 Leci t hiTilw ¢hed ia; obhei ttsaYere anssiiefiaedbvith auRtues of kstarning (200me). er

conbi nat i ogs) amé‘%zxdmgg \Agliysﬂﬂ BalBMd ogfgf.' A g BEwEOS %{}f/l\g&od@bom

25% These one m xtu re t n teste ost eol duc
previ ous| y wezht pdinendstérad E»tapphten@.lly% WO (13/113U9S1i PCT/ USU2/ 329~1

SO LTI S R A Y ACT

e e Tl
and the skin was separated from the muscle by blunt dissection. A superficial incision
aligned with the muscle plane was made to allow for insertion of the tips of the scissors.
Blunt dissection was performed from this line deep into the muscle to create a pocket to
hold the implanted material. A single suture was inserted to close the muscle pocket, and
the skin was closed with metal clips. |
[73] Implantation of specimens in the left pectoralis muscles involved making a 1-cm
skin incision over the chest, blunt dissection of the muscle to create a pocket, and
positioning of the rat DBM powder using a blunt syringe. A single suture was inserted to
close the muscle pocket, and the skin is closed with metal clips.
[74] Rats were euthanized with CO, follo'wing the designated implantation time.
Implant materials were locéted by palpitation, retrieved by blunt dissection, and cleaned
of the surrounding tissue by careful trimming. An observer blinded to implant type
performed a macroscopic e%/aluation of the implant material. Color, vascularity,
hardness, and integrity Weré scored according to the scheme outlined in the Table below.
(The highest score for the most robust response would be a 4 while a specimen showing
little or no osteoinductive potential would score a 0.) Experience with this model has
shown a high correlation between visual observations dnd histological observations of

implant performance only at the extremes of both ends of the scale.

Macroscopic Observation Scoring Guidelines
Color; White (W) - | Grey (G) Red (R
Vascularity: None (N) Some (3) Robust (R)
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fromthe spirit or scope of the present invention, as defined in the
followng clains. ;9 WO U3/ 0309SC PCT/ L1S(12/329-t1 Appendi x A The

bi ol ogi cavby3/ammbswve agents that in the DBM conpositions ofPCTHESIpBMdENt
invention are any substances having biol ogical activity, including small

nol ecul es, chem cal conpounds, proteins, polypeptides, polynucleotides,

nucl eoproteins, polysaccharides, glycoproteins, Ilpoprotelns and synthetic
and bi ol ogi cal | nreered—alial-egs—thereot—J)Ixan bi-el-qgi cal |
active co?rpoundg HPI NePs: ght kMui:h}iW}pd ESP'IB (ﬁam ca Gf‘)nmnf tghe. Y

i nvention incl udelntégridynl | v {dpiffuse gPbphi | Flet @) hydr odledeliedNbi ol dgi cal |y
active conpound. | $oeé:er abl y,{ 8 hough not nh&sessarily|1the drug i § one that
.has al ready been deened safe and effective for use by the appropriate
government al agency or body. For exanple, drugs for human use |isted by the

FDA i ui der 751 cHwt@om%etsev@maﬂeﬁaléa@rﬁ Beer in Neotrablpffeded fpsmalie. A8eer i nary
-use |istedgby.th lf&%h nder, é%s e deggl &9&’ %osﬁforin@gg§§°c{e% & A9k G Ove{?y

reference, "are all con 108t acce esent

pol ymer nehMotids,  enlBetded ih hBt4 @ﬂ;&dﬂ@ietﬂabgnmalpog&cﬂehw; H}catwmﬂgtohﬁPﬂ]&V attue
can be |ncor£or ated into DBM and ot her ? mers. Mor eover, peptides and
prot ei ns wARESFCHeRedn i vramigjomeectipayelssia Iﬂf‘éls%ﬁl@@%liimﬁtb&? @ oyaated B¥h as
pepti dasesy; £an F @g,sm vely protected in polymers or DBMas well. The teen
"biologicaf?y active-conpound" includes pharmacol ogically active substances
that produ¢m]a Theslexpiantswadrehistolediéalytevalnaed iusiaga semh@.iahtlmnvomeﬂioduses.

The term thus _neans any substaﬁg%ﬁ tended f use |n the di n05| , cure,

m ti gat i onBriEHE-A HERRICEL SCRFERAS F-PeiY & eewgsraqS}gnp o & é t of
desirabl e phyaboaL e BB, SROHARAREY bRRCLERRG, 130081 1780ARy AR .

plant, or virus. The term animal"” used herein is taken to nean marrmals
such as pr newtbese fqrme!llfmj|7rfg76rﬁﬁ%mv0@hréeme“hm59m@mnt e 1- @5‘7@3)“1@&)93
cats, rats nsect. chni tists (e.g.
oot bz0a) | PMARTPHTEN D 3P aRbe B A TBF Sapd P RRaRE Gher pi ant o
(angi osper ghdoci¥ATeISHRAE frnatibH nﬁdludlﬁglﬂaemréﬁeﬁdeyatcaﬁn@get&c%ﬁmcy@é aaeve (

i .e. cyanobacteria). The bi ol ogi cal active conpound may be any substance
havi ng” bi obsigPasts, aeesidi nwlmfmwha wligedonepB1djgraprires gnd associated

pol ynucl eotfé %«gﬁ nucl eoproteins, polysaccharides, glycoproteins,

| i popr ot ei NS, anid synt heti c and bi ol ogi cal |y engi neered I ril WO

U3/ U311' 151~ PCT/ USU2/ 329- 41 Sa@?gsfﬂmmgﬁal SEbdohezm "protein” is
art-recogni zed and for purlposgsrel this IN&eBbhORoahaflogNCOMpasses

peptides. The proteins or peptiges n@yog@w@m{e Mbggﬁ calTy ag¢tive protein
or peptide, naturally occurring or synthetic. Exanples of proteins include

anti bodi es, enzynes, steraids, Igrowt h<18% méomﬁbxmanm h hor gone-r el easi ng
hor nl one, gonadot r opi n-rel easi ng--ho ne, —and its .agonist and

2 26-50% new bone formanon
3 51-75% new bone formation
4 >75% new bone formation

[771 Following histological analysis, average scores were calculated for each material
type. Based on previous experience with this animal model, each group was assigned an
assessment of osteoinductive potential based on the avérage histological score.

[78] Results: This protocol was followed with the test material, a DBM with a starch
stabilizer as described in example 3, as compared with control GPS1-2 base DBM
powder. At the 7-day timepoint, DBM with a starch stabilizer and GPS1-2 powder

achieved the same level of induction, with a histologic score 0f 0.9 + 0.4 and 1.0 = 0,
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ant agoni st anal ogues, somatostatin and its anal ogues, gonadotropi ns such as
| ut ei ni zi ng hornone and follicle-stinulating hornone, peptide-T,

t hyr ocal avoombwosgar at hyroi d hor mone, gl ucagon, vasopr essiPOI/s0yBDIai N,
angiotensin I and Il, bradykinin, kallidin, adrenocorticotropic hornlone,
thyroid stinmulating hornone, insulin, glucagon and the nunerous anal ogues
and congeners of the foregoing nol ecules. Casses of biologically active

conpozui ds_whi ch. can be | oaded.into ¢raosslinked gel i ods of
this i nvefiSPEHYeRe | gt WS’feélyRS{ceﬁ?lﬁ’f Y’gh a& ) Clgorﬂd?c’:‘&? %%9 %Stﬁﬁgt‘gﬁggs,

anti - cancqy-Gy Rt FOGEThe BBV RN d SbrchisiBUXOSARRIES S gftiater (@ePof induction

cycl osporine) "anti-viral substances, enzyne inhibitors, neurotoxin

.opi oi ds, Hgurthe GRS -2aprviderr swisli histologia sedre ahd & 1 ¢-apedi?-Pitz bpg?spect'ive y-
it S R SRS SR A B L B TR BRSO Sl

anti - spas and an I nergics,
anti - gl auGaRiseRRPRINIBalf 8the pBadasidndl@ldodad@histerpsfadhondntytesmpounds,
anti - hypertensives, anal gesics, anti-pyretics and anti-jnf]l ag'&%t]%M agents

such as NSpatpsed cadlsalit sheekt-thst paist, e PRANSTIRYIEs Ve BISTeRY IafEICh e

anti -depr eSiﬁgé‘%t%rchasi‘a‘;ohfzgxsgfﬁgtdp%g%‘ ﬁé&vé‘é}? RFost AL LIBIbifI mithRPRG bRIENt S,
specific tArye i'ng "agents, neurotransmtters, pr oteins, cell response
nodi fi er s,thBRehgeAS6Ind ESsucAnfiliation ompheted ih ihsdel afghoDBM ssthesstarth stobibigemds

itable for |oading into polyner i t.he present t e found
TV RE R MR RS A T A A
Stuttgart/ slt\%dlﬂ(i)%ég %5’1’1%1}3?&17(1’ M&&qﬁ@gg@a@ﬁéaﬂlﬁe@i @h@Misfoﬂ%ﬁ %@@lfor d®BM es of

parti cul ar gic y active stbstances are presented bel ow. Anti-Al DS
subst anceswil e seunthsttabiltzes ramsaed ooristaphaftaythededaynt witreasi therhigelgmse sedrency

Syndrome (Al DS). anpl es SUC t i ncl ud ,

3' -azi do- 3O E@W%Eyﬁmpﬁ%ﬁ%&iéu& %ﬂ?%ﬁ’zﬂ’ﬁﬁﬁ%&%ﬁﬁlﬁ gsgﬁlg i ne

acycl ovi r(‘Mth&h@fgﬂhmafo}tf&l%ﬁ'éﬁoté&m,thése%dﬁ?ﬁ@hﬂﬂaamaytia@mdiﬁe T, and 2',3'
di deoxycytidine. m V1' O (13/11309SG PCT/ US02/ 329-41 Anti-cancer
substances are substances used to treat or prevent cancer. Exanples of such
subst ances i nclude net hot r exat e, Meas Histologic $noresni sone,
hydr oxypr ogestler one, Pasdlicdxypr ogestzDape acki-Bae, |n2§eBay ol IeBant e,
di et hyl sti | bestmgh (Gt RE @ne| pu.opignal 6.6 £ 0isoXysmwst esond,S ¥ 0ol ast i ne,
vincristine, Vidgestmsiiz&aunor ubj cin, doxprubicin,| hydroxyurea,
procar bazi ne, ] RSN T 4E, For e Mg 1]y [CYT-0phosphanpde;
mel phal an, urg%ﬁgpr I’tgal?d)%%%gr aﬁﬁ(ﬁ;r?, busuTPg)n, carnustine,” | onusli ne,
dacar bazi ne ( C—airethy-trt+azenomdazotrecarboxanide), et hotrexat e,
fluorouracil, S-fluoromacil, cytarabine, cytosine arabinoxide,

mer capt opupigpe, (BndRs SR PHYKehNR, oftthis egida MdieutedAhktithe ait¢ 6Bindndtioarfbr the
recogni zed and are substances which inhibit the growth of or [till

i cr oor gai DERY it stescbstabHizerincisesqshto darc iday iRt rgmgpegglevated
L or anonoltd%eh tEé%r’fJ’!)FtﬁF %neaé?)g%sl%'. The PS5 bb@@er@?ﬁ'fbﬁb%iddﬂcti&rﬁétraaﬁd’v%r' ne,

chl or anphe m nocycrline, ycycli1ne, vanonycln, bacitracln,
kanamyci n, rdieengie il fdag anfedronmibut was yicmorias ithe RDIBN w&h hataodpoabihssr
Anti-viral agents are substances capabl e, Qf destroyi r, suppressing the
replicati oﬁaYBPle%SY 68 8ys- B Pe¥ty eé?ﬁtFPl-"_a}“‘r“é(F Pﬁﬁ@ﬁ?@gf ﬁ%b@b‘gdocg was
a-met hyl - Phéé}gm?gtsﬁﬂgwﬁﬁtotﬂw 283f enc%i?‘fl@.ﬁriht?ﬁgaﬁ MaRasik sdords 4nd feirAzRdehd

-l 4 y

car boxam de, ydr oxy- €t hoxy]| nmet guani ne, adamant anam ne,

5-i odo- 2' - daos yuithe d5 ey titrel fdinto idweyRiVdvitl a siarshestaodlizsh sanapla sharead hister

ot on T este o U TgphalioR oiphedd & (REBSAARS R 18 el ovAaRBR V™! ! ©
increased number of chondrocytes present was indicative of increased bone formation in

the DBM with a starch stabilizer samples.
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enzyme inhi bitors include edrophonium chloride, N nethylphysostigm ne,
neosti gm ne brom de, physostigm ne sulfate, tacrine HO, tacrine, |-hydroxy
mal eat e, wOdd¥sr ci di n, p-bronotetram sol e, PCT/US02/32941
10- (al pha-di et hyl am no. propi onyl ) - phenot hi azi ne hydrochl ori de,

cal m dazol i um chl ori de, hem choliiuum3, 3,5-dinitrocatechol,

di acyl gl ycerol kinase inhibitor I, diacylglycerol kinase inhibitor I1I,
3- phenyl pr rgyl am.ne, - NDNO. hyl - L-arginifhe acetate i a,

3- hydr oxyb@ﬁﬁyl m&ng‘\’l g‘é?t,mﬂgﬁt’rcég%ﬁfhwge’%ae, LRI RE %H%n% ]%g-%r enyl
HC1, L(-) -, pdgpisenyl HCL, D(+) -, hydroxylam ne HCl, iproniazid phosphate,
6- Me0O-t etrahydro- 9H pyri do-i ndole, @& WO 03/ 03(19SG PCT/ US02/ 329~1
.ni al ani de, BeckgystriddefoMautiony Wieeehzadeagenoussaneelioys bprpe(ARE) has long been

tranyl cyprom n NS N-di et byl am n - - di I :

hydr ochl or?%f‘ﬁ?q%%b%ﬂl@%t?’i@ﬁ&e{oﬁy F‘tfgﬁl?ﬁérﬁao,nz\ﬁ}geﬁlgav%ﬁ ? %Af}f%r‘,&@# onet haci nd,
2- cycl ooct yfthepeliedligickBdituy oty €l ¢,the aindent of ABG available is limited, and

2, 3-di chl oro- a- met hyl benzyl am ne ( DCVB

. . (DOVB), . : .

8, 9- di chl othereis3t leas 258 parical worbidity peacialsd piithdhearyesting prqcgdure.

- am nogl uiet hi ni - afi i 1 . .
b~ am nogl up St ot i pEp ¢ PAPRACIENY hiePedt shitld e Bl 1o superior healing
al pha- met higbteytigisd PSG.- Onadithe maj@tdisddvymtagisne dénineraliaskbarrahanixdethat it
di chl or phenar ni de, 6-hydroxy-2-benzot hi azol esul f gnam de,., and al rd nol .
Neur ot oxi ngfter doesmes bt dhssthigsidimensonsl épé}cﬁﬁggjeé{e?e& ﬂ] by lf‘}‘@q{b‘?ij\}ﬁ%g?fjgﬁr}st em
€.g. ner Vesi‘l?ee&écglrs ér\&ﬂrthe%%hﬂ(ﬁn% REsHId QR el iRl DAEMXiftSa stalRf! | nergi ¢

neur ot oxi ns,” dopam nergi ¢ neurofoxins, and other neurotoxins. Exanples of
adr ener gi cstabgizenbffeisnsemisolitiexture so that the three dimensional space was maintained.

N- (2-chl orget h - N- et hyl - 2-brono zyl am ne. hydrqchl ori de. Exanpi f
ch(()I i ner gi gﬂeﬂeﬁhéf&ﬁ%ﬁgﬂ?%éf%@@gg{; beéfﬂmogiﬁﬂ%éi guﬁifglfld}ugleﬁ?/‘%frpoqg ei?t?)}(?de.
Exanpl es OfesfaRaMiORy o8bstedifdlicBlO¥hdSstbdtohtalRive ghywrth Sxiteie padinteriddBs
1-met hyl -4-(2- met hyl phenyl ) -1, 2, 3, 6- tetrahydro-pyridi ne hydrochl oride,
1- et hyl - 4spasityie tRaBogedpws/imsgyafl.dThe aim plethistituslyayas to evaluate the bone

N- et hyl - 4-phenyl -1, 2. 5 6tetra hdi ne ‘1 :

1- net hgl - -”'gcﬂ’gﬂgﬁl Cﬁ??‘ilfgidrﬁigff %Qi%%%ﬁ)@%‘ioglsgrgiﬁég érhatt)eg aélhncceosfn ‘F%ﬁ??%" opi ate
l'i ke ef f ecpsevibiatfoah@aticts al@AB®d from opi um Opioids include opioid

agoni sts and opioid antagoni sts. Opioid agonists include codeine sulfate,
fentanyl cil82lat damyias e dsHwdsi tartrate, | operanmi de HCl, norphine sul fate,

noscapi ne, C i mor phi ne, thebaine. Opioid antagoni sts include
nor - bi nal tés?Lg' il?nggr%m%&f@%’upr enor phi ne, chl omal trexam ne 2Hd ,

f unal t r exami..oReblihilateral buphilmee defeicts. nal or phi ne HCI, nal oxone HCl,

nal oxonazinge, naltrexone HCl, and naltrindole HCl. HXpnotics are substances
whi ch prod&gé"%{wm%%ﬁ‘c effect. Hypnotics include pentobarbital sodium
Phenobarbi tal , secppbigzaénh thiopental and m xtures, thereof, heterocyclic
hypnotics, di oxopiperidines, glutarimdes, diethyl isovaleram de,

a- br onoi soval eryd- Staseh Cyriet lefes and disul fanes. |3 WO 113/ U309sf

3. Autograft (historical data used for comparison)
Surgical Procedure: Six months old male New Zealand white rabbits were used. A 2.0
centimeter non-uniting defect was surgically created in the bilateral ulnae of all rabbits.

* After complete periostectomy, thorough defect wash, and partial diaphyseal wash,
grafting was implanted (according to test groups) via o;;en surgical technique into each
defect. The wound was closed primarily in layers. The test groups are listed in the table
below. When anesthesia was achieved, both forelimbs were shaved and prepared with
the rabbit supine (limbs up) position. Longit‘udinal incisions (3-4 cm) were made over

both ulnae and the diaphysis (midshaft) portion of the ulna was exposed. The distal
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PCT/ USU2/ 329~1 Anti hi stam nes are substances which conpetitively inlubit
the effects of histam nes. Exanples include pyrilam ne, chlorpheniram ne,

t et rahydrnee@obisese and the |ike. Lubricants are substances pchatsor/smaease t he
| ubricity of the environnent into which they are delivered. Exanples of

bi ol ogically active lubricants include water and saline. Tranquilizers are
subst ances which provide a tranquilizing effect. Exanples of tranquilizers

i ncl ude chl oy oproma. zi ne, . promazine, flu nzai ne, reserpine, deserpidine,
and mepr obé’isr%f’ AN mggeh{,&qn : éhed’rl’éo‘"éﬁ%zf%% “Wﬁp‘i 1eti§9’é‘“§h°%?qt8 of
preventi ng,miRUGIR GonPihe ﬁin‘o@&r@ﬂtjbﬁg, 16 Feutdl =53 QR YefeeX AR RfeoRimisdiGRraagent s

i ncl ude prim done, phenytoin al'proate, Chic and ethosuxin ude. Miscle
.rel axant s amehtethwith Rduighi spsahbuar. efibsresultinhpest lovihdbidiaplnlseal bons vheexadsed

0 *suuch agoHtL 1y R BORE 108 1 thekih aftherBorialerosyer BiBtyap A e BT ©°
-hydr ochl or i @glinty, idiesul HRE6A %g& nbvxféla&xi:éd. K it QrridaBUO IR RLE RS SO BRrenf @

bi periden. Anti-spasnodics and nuscle contractants are substances capable
of prevent iNgod bonglahdwiamgwremohets shasnplagimaenal veesplased in tr dedscedhef such

el . g o . f
P Tt co. s AREler BB varcioRE s B el R R ke S B ORGP s on
Exanpl es i niiexien #adeibiidemtiaintriptddagimddunge. PhysseshdrgiictReslg/ plihtdes

di i sopropyl fl uorophosphate, epi nephrine, neostigm ne, carbachol,
met hachol i rapplipdanchisaioned on dhedowmepestieacrajive day. | aucona conpounds i ncl ude

petoxalol . B8P Sy B e bl R0 b G, SRRk 089l
PCT/ US( 12/ 32@-slidAivhbpaiogmbhd were-tilkentad 369, andl12 fvaeks. dgh sesbimcibnde
vermect i, pyri moLham n el sl Tagyi i ding, clindamycin, arpholericin B
at either 6 or 12 weeks. Three blinded observers asses each time point for bone
formation and remodeling.
Results: In vivo radiographs at 3 weeks indicated bone formation was evident in the
starch-based formulation (Figure 1). At 6 weeks, trabeculation was observed and almost
complete bridging of the critical-sized defect with the starch-based formulation (Figure
2).
Conclusion: The starch-based formulation appeared to improve the rate at which

bone formation developed.

Example 8: The following.'jtable Summarizes the Resulis of Biocompatibility and Safety
Studies for the Starch-Base"d Diffusion Barrier DBM Formulation of Example 3.

All studies listed in the table below, with the exception of study #12, were
performed by NAMSA (North American Science Associates, Inc.) - ISO 9001 certified
and fully accredited by the Association for Assessment and Accreditation of Laboratory
Animal Care International (AAALAC). FDA guidelinés were followed and NAMSA is
registered with the USDA. All samples submitted to NAMSA were tested according to

laboratory quality guidelines necessary to assure valid data.
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m conazol e.

Anti - hypertensives are substances capabl e of counteracting high

bl ood pressure.

t he pi valvw@loaryeshy|
capabl e of preventing,

Exanpl es of such substances include al pha-net hyl dopa and

i ncl ude nor phi ne sul fate,

r educi ng,

or relieving pain.
codei ne sul fate,
Anti-pyretics are substances capable of

meper i

relieving or

di ne,

ester of al pha-nethyl dopa. Anal a_esi PECTAI®2/32886t ances
Exanpl es of anal gesics
and nal or phi ne.
reducing fever and

anti=infla

rator-y—agents €0i-ti+-et autlﬁlg ot
suppr essi ng i nf | anmatP@keh Ekfg @agfermmpétpﬂﬁem aspirin
(salicyliclaci-d) —indamet RBED YfSth\zdr ate_
sal i cyl am HNONAPFESTNAME | ch|T:ﬁSfEe, fle suMETHED, |dPASURARZ |
.di cl of enac|__i ndopr of en_and §Udiummsallevlanlde | ocal _anesit GRMMVENTS o
subst ances| whi ch Qy@togicin aﬁb@mﬁeummneﬂﬁeutaﬁnfa dCalnirzéd |rRage-Mon- Exanpl es
of such angst hetfi cs i ncl udeCpriwcai ne,| I-pd@wasen, tetracai ne| amwtbxigi buchi ne.
«Qpht hal m ¢g incliude di agndd @Eﬁﬁ@ntsfﬁﬂéﬁﬁés sofli um f | uorescein, rose
Bengal , nethaehgline, :.ml_r gal-ne,—and-atropine. - Cphthalmc
surgi cal afdi% i v&Emehs ude é"a(‘S‘IWndf’ éggéﬁs ng hyal uron %Pé%lé‘]
Pr ost agl andi ns ﬁre art rec Jpand gy | as$ of naturﬁppﬁygﬁcLUring
chem cal | y| r el atjed, Iong~ géﬂ) &g&@xy fatty aci s that hayve a variety of
bi ol ogi cal [effeu P?roaéﬁﬂfl E %Eﬁ%ﬁ?a'dﬁoh FhvSREstan rR&)eétEHpa”‘ SiNgreventi ng
or relievipg depr essi on. Em@g@&es of aﬂkamQEﬁﬂﬁ§F§@£§ﬁﬂﬂp| g@ykﬁapranlne,
amtriptyl|ne, nortriptylinensegpsetrijptyline, deshgpagine, | anoxapi ne
doxepin, npproti|l ine, tranyheoe emudie, phenel zi ng¢jnjeatd | socar boxazi de. 65
WO 113/ 0309,4) |FehdtsB(ity 2/ (32Qkitel Anti[-lpsiohdtnec $iostanaes| arfesssist ances
whi ch nodi fy psychotic behdkiration- Exanphsesy of suchobgerins i nobtesteic
phenot hi az{ nes, |butyrophend#&s and t hj oxant henes| Anti-enetics are
subst ances| whi chi prevent ofMaiyBRDat el nausea or yoniting. ph By
(4g:20ml extract mutagenic
b. DMSO
Extraction-
Carrier
(M180/B980)
| (4g:20ml extract)
5 Acute a. Saline Saline extract - 4,24,48,72 a. Pass —Non
Systemic Extraction-Carrier | IV injection — hour reads toxic
Toxicity (M180/B980) mice
{4g:20m] extract) b. Pass —Non
b. Cottonseed oil | Cottonseed oil toxic
Extraction-Carrier | extraction — IP
(M180/B980) injection — mice
(4g:20ml extract)
6 Sensitization a. Saline Maximization Induction 1 Induction I;
Extraction- Assay - Guinea (zero time) no
Carrier pigs Induction I (6 | abnormalities
{M180/B980) days) detected
(4g:20ml extract) Challenge (13 | Induction I:
b. Cottonseed oil days post no
Extraction- induction II) — | abnormalities
Carrier 24, 48, T2 hour | detected
(M180/B980) reads Challenge: No
(4g:20ml extract) evidence of
Topical causing
Application delayed
dermal contact
sensitization
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of such a substance includes dramani ne.
imaging a desired site,
i ncl ude swbssaswes having a | abel

anti bodi es attached to fl uorescent
anti bodi es or fragnments thereof.
capabl e of delivering a therapeutic agent to a desired site,

of

e.g.

t unor,

| abel s.

in vivo.

i magi ng

€.g.

| magi ng agents are agents capabl e
Exanpl es of
which i s detectabl e iraPdM®02/829%1
The term anti body i ncl udes whol e
Specific t~etina agents include agents

agents

tunor,

and provi di-ng—at hnr apeutic-effect F\U-\m"Lng of tar npt ing agents_incl ude
agents whijch’cah 3?? ook frielinsy ot h P% i 2418 6%Bv{dé‘5@hé¥Wb|al
effects. The ta age ’t‘“aﬁt&’ﬂ be éiﬁueﬁclgﬁc "évey IFiked to d™¥B%in, d.g.
ricin A or| an a1t|body [im ﬁé@hgna dr Geate N ygptransnltter% @&g.ﬁ tances
Which are rel eased from a|pgl4p ﬂm&ﬁtf% LAd fais @nd travel ft dﬁg i nhi bit
or excite ja target cell. quggrg§d9$ neurotransmtters include dopannne,
serotoni n,| g-am nobutyri c | &gtionNOr epi nephfi ne, |hi stam ne,| acetyl chdline,
and epi nephrine{ Cell respoasie nodifiers are chenotactic flactors sudh as
platelet-derived growt h f agumo/BORDPGF). O her chenmptactic flactors indl ude
neutrophilLactivating prot ég@imimiodyt e chenpattiractant priotein,
macr ophagel- i §f | aM¥esleor y pi @Férahprodyttat] @xkanel ppriens or |, 1%#@@@Wbt<bamﬁﬁ 'hotein,
and nel anona groﬁﬂﬁm§PWhuI§@ﬂH@”§ Pi yiovs: epi der|mebr repdowt h| qearercept <
transformng gr owtty Fik of 1§1 g@@ | ABFYMINES t gl owt h facto%dayS y
pl atel et - dbrlved endot hel i 411158 gr QW f act or, | i nsul i n-| @”@?ﬂn vit h
factor, nefve gfowh factor, and bon& gromﬁh/caxtllage i ndlucf R factor
(al pha andbgta) e oth PHeg WO 1) WO ——
113/ 11301s(i Pc”r/,,h;ljg,aag,a( 32 a%ﬂﬁpr&%& 0&%%%%‘(;%@&@0& Fi e o o Phe
interleukipns, inkagy-8tiks-n mnﬂhﬁytors Q2] MRkt UKidaog &Pt Or s, i ncl udi ng
interleukin 1 thmmmgﬁylnteKMemkw&nlo i nt erferonspxitigc| udi g radspha- |bet a
and gamma; | henmafopoi eti c flacRabbsisDBM n¢l udi ng er yt hevelpoioet | n| irnai | ul ojcyt e
col ony stipul ating factor, reredsraphage col ony stijul ating flect Bassand
gr anul ocyt e- macrophage collony stimulating factor| tunor necro8is facltors,
i ncl udi ng alpha and bet a; transfornirg growt h faptors (beta) “P%@Iudrng
beta-1, bet=a 16 beta—3 Hai-B-A—and ﬁ“t:V%n— A In”b.wu 2 eg;;-e
proteins. (7 @f’a‘ﬁ"é’b& L ﬁum,&s A abi é X %Vefﬁq [ Titiuci ng
conposi ti on comigh,gd NY:  a | HRE Eeiic at hﬁgﬁ&mgg@o duth,dactor; and
PCT/ US02/ 3R9. 11 Absorption; Site reads subject
Adjacent to Ribs;
30cc volume. bloresorptlon
N=3 profile
11 Systemic a. Final product | Rabbit Sacrifice time | Pass
Toxicity - (rabbit N=4.for each points at 7, 14, | Histopatholog
Intramuscular specific) dose@ each time | 28,60 and 90 | y—No
Implantation  [b. RabbitDBM | point days subject to | evidence of
powder alone | N=3 DBM absorption systemic
Using Direct powder profile. Blood | toxicity
Contact controls@ each and urine at 72 | No evidence of
Implantation time point hours. carrier at 7
Low (high clinical Blood and days
dose, 1X @ Surgical urine analysis | Termination of
3.8g/rabbit @ implantation with histology | study at 60
approx lg/kg) and | along vertebral (liver and days - No
High dose (5X column and kidney); changes in
high clinical dose) | along ribs for Evaluation for | hematology or
implantation high dose gross- clinical
anatomical chemistry
lesions values;
‘ No evidence of
. systemic
toxicity;
Evidence of
ectopic bone
formation
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a stabilizing agent wherein the stabilizing agent enhances the

osteoi nductivity of the conposition resulting in inproved bone forniation
ability asoodvnmpafed to the conposition wthout the stabilipzitngozgent . 2.
The conposition of claim1, wherein the stabilizing agent is selected from
the group consisting of diffusion barriers, enzyne inhibitors, conpetitive
substrates, nmaslting entities, and conbi nations thereof. The conposition of
claiml, whepenmrtherstabEizngagent s setectegdfromthe—group

consi sti ng g? H%ﬁg\ pol F}r]r%ﬁsofn%rllagﬁl- Ry al pol _g%ﬂ%ks’&gdi Eﬁ%@:@fc
derivatived natiural polyners, nodified or deri v 4] Y hon RRLUra pol yrers,
and comnbi nations thereof;| and whereiph the matrix is at |eaghpdgstially
;enbedded within the stabilTizing agent. 4. The conposition of claim 3,
wherein the.natural polyner is selected fromthe group consisting of

li pi ds, poBiscsampatibildyof DBM withbistaach stabilizenr Clsfirans: silities canfimnsd theon of

ohor ai ' ¢ nesSRR BN RR dof el et sl o B0BR s e Lep RS
wher ei n t helagifpbig it 29 N8 Hissiefone ERFIRARRRg6Fy 1o B8 Y RHARbEmpRSility
conposition of claim3, wherein the non-natural polyner is a |Pesorbabl e

pol yner sefdierdF e sivplupiéonyiests foraonsiderationfosClass B tidsae/bone implabt category

(LG, pot’slRf e TROPRLARRS. Pher Bl Refbin SR B pdmtPisbin 0

genotoxicity. Acute systemic toxicity may also apply in specific cases. In addition to the

suggested four tests, a total of nine additional safety, biocompatibility, and efficacy
studies were performed (including Example 7). These studies are summarized in the

table above.

Local reactions

A. Acute intracutaneous injection, and acute muscle implantation studies were
performed. The intracutaneous studies involved both saline and cottonseed oil extracts of
a starch stabilizer. DBM with a starch stabilizer prepared with Rabbit DBM was used for
muscle implantation. DBM with a starch stabilizer produced minimal irritation in both
studies, being deemed a non-irritant when compared to the positive control in the muscle
implantation and having a primary index characterization of negligible when
administered as an intracutaneous extract. Intramuscularly applied DBM without starch
carrier, was found to be a moderate irritant.

B. Cytotoxicity and Genotoxicity. Extracts of a starch stabilizer demonstrated no
ability to induce cell lysis or bacterial mutagenicity. The cell lysis study employed a
saline extract of DBM with a starch stabilizer. The genotoxicity studies utilized both
saline and DMSO extracts tested on two bacterial species: S. typhimurium and E. coli.

C. Hemolysis and Pyrogenicity. Saline extracts of a starch stabilizer were deemed to
be non-pyrogenic and non-hemolytic. Body temperatures in rabbits injected with saline
extracts of DBM with a starch stabilizer gave no indication of pyrogenicity, and the
extract produced a hemolytic index of 0 when added to anticoagulated pooled rabbit
blood.
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pol yvi nyl al cohol , tyrosine pol ycarbonates, tyrosine polyaryl ates,

pol y-orthoesters, polylactides, polyglycolides, polyethers, poly-fiunarates
pol yest ergQ 03mah9so- pol yners thereof. 9. The conposition ofPCAVEBBH wher ei n
the matrix is at least partially particulated. 10. The conposition of claim
9, wherein the matrix is selected fromthe group consisting ceranics,

pol yners, bone, dem neralized bone, extracellular matrix, and conbi nations

t hereof. 1}  Jhe, copgposition of. clai.m 10 erein th ram,c ¢ ri ses
ol 61 um ph HRRFLZBIOL AE e Suibf St shawedg cHiftr FEReTp Gt
wher ei Nt hgerzRlZaloHN TS SRAERER Pl s & kafleedd bafhskbe ol bR LM Gldictg Of
anor phous cal ci tun phosphate, "poorly crystalline hydroxyapatite,

.nanocr yst alGuinee pigsdeesiyesipan intradermpbinishiiemel the extngals endy pboping @1ece¥Ei um

deficient hydrpoxyapatite ubstj t uted. h t] o Lri. .cal ci um
phosphat e, P ré?‘gé{%leé‘?%qtbﬁ?ﬁlﬁﬂﬁg gﬁﬂl‘%g@dﬁ‘?@ﬁgét%%gﬁ’%s%ﬁéﬁém&%%ayldr ate, and
-monocal ci ump, IBYPRALS stdrch NIfhiliIBIStemio Saftty/ Toal MNodevidynes 6f toxicligwat ri x is
a non-natl ~ral resorbable polyner or derivative thereof.

d /€ of . 14. The
conposi t i onbestves iaishdms inmdici RBMhwith astardy stabilizes (ebbis PBMD e mplgiterdip
consi sting, L yi= . i I ] | i f
pol y-1 act igtl:rRIaxe C%lé#lggf‘%% i ca(ii&:’i)clir&:1 S%%%%Bh%g?%é%¥ gﬁ}lgg%)r%g%%tg Iéa‘rp,
po: yVi ny Ihalnmshlej andtanlﬁrﬁisl'ts mamgmtemaf l@@)dt?/tsei? jcliaeyef ﬂadiilelg rmﬂri]tggaﬁeg‘é 'mt;?a}ted with
pol y-orthoesters, polylactides, polyglycalides, polyethers, po mar at es
pol yest er s StBHAPRIOXFBAGIYE:-3 6 ﬂ@?"éi%‘%s °1§7~%ﬂ?éﬁ’@8r¢ﬁé@i Ct?m\’l_d’?“h_ﬁ %&ﬁ#l,
wher ei n FhQ%agfI%felfl E?.' ?hé@ds‘é&{gr?&jmfn:ﬂé?kﬂgﬁa&rﬂ%gﬂ (Q?@?'n?/f(g; ng 49f
ost eogeni c factors, xcul'arizing tactors, angiogenic factors, and
conbi nat i onga/kfereafproXithate W e@itdAR309 5K RATIISORr ZRGIvinahdmplEnationdpsssi t i on

of claim 15 in osfeogenic factor is selected.fromthe grou
consi sti ng (b x%éfg ?&Bg g@f{cg) ?t"éeﬁ%tli[“ﬁé? c%fﬁﬂ’?%é?lglie}‘?seﬁ\ﬂue’l RSPt aBI e
bone growt hinhifiidaé BAKE PAROSHDrARMERAPS e big 3. Rc RATBMUWiB £6laCRs@BNzEs A
growm h factor associated with the ceramc; and a resorbable or

bi odegr adab¥aze poplgnted pamasentadirallit 4nd tharemainibad é 6 seraimmanted gibgwipnaeyslyd

Wi thin the Iﬁﬁ{%{mr 1and, wherein the osteoinductivity of the conposition is
greater t hd eor%%flé)&?“hducti vity of a conposition of the particul ated
ceram ¢ and assQdcadsd réfutvidt thaekiamiahlofieiled to show any treatment effect. Blood

chemistries and urinalysis values all fell within the normal range, with the exception of
serum alkaline phosphatase which was expected to increase due to the induction of

ectopic bone formation in response to DBM with a starch stabilizer.

Example 9: Assaying Osteoinductivity of Test Materials

[83] Objective: The goal of this Example is to assess the characteristics of various
potential Protective Agents, and particularly to identify those with no negative impact on
osteoinductivity. Preferably, the Protective Agents are easy to handle, irrigatable, non-
toxic, degradable, and moldable (preferred consistency resembles plumber’s putty).

[84] Methods and Materials: This study is conducted using an athymic (nude) rat
model. Preferably, a single DBM preparation is utilized in all formulations. Potential
Protective Agent materials are sterilized by irradiation. Various Test Compositions, and
control DBM, are implanted intd animals, 6-8 sites per material. Each animal received
bilateral intramuscular implantations into the hindlimbs Each Test Composition contains

40 mg DBM per bone site. The volume can vary depending. on the nature of the carrier.



18. The conposition of claim17, wherein the polynmer is selected fromthe
group consisting of polysaccharides, |ipids, resorbable polyners,

r esor bablveo ps/embiccs, derivatives thereof, and conbi nati on®Crisnzef+1 19. The
conposition of claim17, wherein the ceramc is a cal ci um phosphate
ceram c. 20. The conposition of claim 7, wherein~the polyner is a starch.
21. The conposition of claim20 further conprising a I|p|d 22. A

dem neral i zed bgne matri x

iLti.on canp em nerallzed bone

matrix (DEWP] aferuls: sT@ﬁprqt%O'r\f)@zvaé@@ fe t%?“ff‘rﬁerc%‘r%égngﬂﬂ%‘}nScElS? m' 22,
wherein th 0 f; tAas BRi wad ar gest

di nmensi on. &5@% ?I'?Mcgpﬁ%ggsﬁﬁ &S%‘tﬁggglle% n%}an\/\her{glgglo a'E]:%mDi?}Ie/l conpri ses
.particles mﬁplatted s 8 1riki1ﬁdua"1ranlmals hsotective Heents vierrsterilined by eutoclyige.

I 13/(13095§ uSuU ~1, 25, conposi tion.of claim22, wherein the
DBM conpr i SBSINaMRE: r@?c Veégeq‘tesé’élﬂuoﬁs S reRdeds | ar gest di mensi on. 26.
-The conposition of claim?22, wherein the DBM conprises particles; wherein
the parti wm_m@dqe shaped, or _cone-shaped; and wherein
the particles are at | eastMadifiedi SiatchSolutiow Reeparatiorensi on_and are

appr oxi maf Bhymel ODIkgredieats | N anot her di nensi on. 2 8terfliaativmnposi ti on qgf
claim 22, .Amgr_ei_l.fitgae,_‘sl_ahl izl ng—agent—s—seleectredfromt-he—group
consi sti ngEof di | B¥sHianshphp giRG80s18. gﬂﬂ%;rﬁéat?hhl bi t o’}ust?dé\%{?é@ migcs
substrate PO K 8% §i£u"ch,L 1§W> g‘ﬂf]&l(ﬁp T é‘B%@‘QS TN &BLlave for 40 minutes
18.4 g 20% glycerol
G 8% Starch, 28.5% Maltrin 180: 2.8 g Starch | Autoclave for 40 minutes
+22.2 g DI water before additionof 10 g
Maltrin M180 .
H 8% Starch, 12.7% glycerol, 28.5% Maltrin Autoclave for 40 minutes
180: 2.8 g Starch +22.2 g 20% glycerol before addition of 10 g

solution Maltrin M180

[86] The following Test Composition formulations were prepared:

Implant Preparation

Name | Composition Recipe

E 8% Starch (n=8) 0.4 g of DBM powder mixed with
0.80 g of solution E. Mix
thoroughly.

F 8% Starch, 18.4% glycerol (n=8) 0.4 g of DBM powder mixed with
0.80 g of solution F. Mix
thoroughly.

G 8% Starch, 28.5% Maltrin 180 (n=8) | 0.4 g of DBM powder mixed with
0.73 g of solution G. Mix
thoroughly.

H 8% Starch, 12.7% glycerol, 28.5% 0.4 g of DBM powder mixed with

Maltrin 180 (n=8) 0.73 g of solution H. Mix
, thoroughly
Control | Human Powder (HDBM) .

[87] In addition, as a positive control in every animal, RDBM was placed in the left
pectoralis.

[88] Results:
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28. The conposition of claim?22, wherein the stabilizing agent is selected
fromthe group consisting of natural polyners, non-natural polyners,

nodi fi ed Vo0 ostesvsat i ved natural polymers, nodifted or der iPCAtisezaRo+

non- nat ural polynmers, and conbi nati ons thereof; and wherein the matrix is
at Least partially enbedded within the stabilizing agent. 29. The
conposition of claim28, wherein the natural polyner is selected fromthe
groups consisting of lipids, polysaccharides, a.nd conbhinatiaons thereof.
30. The conposi tion |dfmplaaitnM2&eristler el n the IMéalni s a $Btty acid.. 31,
The conposition of d

- t potysaceharide astarch. 32.
The conposition of dl Co @ﬁé“ I?1elst api | :jél ng agelrlft% i s| resorbabl e
.and/ or bi odegr adabl B435 AR osi-ti-on—ofleclaim 22 —wherei t he

stabi | izing agent i9 S@ideEed fromthe group corbkfsti ng-8f prbtease

i nhibitors, glycosi deSseleRi bitors, and conb| natd-8ns | hePdof WO
-(13/(13(19S( PCT/ US08:3a9e L 34. The conposition D6 clii m032, pherein the
conpetitive substratlesdnsls®l ect ed fromthe groups.gonsj stilrlg o
pol ypepti des, pol y-amno acidsS, polysaccharides, conbinations thereof, and
derivative he f

stabili zi n?%ilge Jluszgén%é-?%ﬁtc@%g%ﬁdse g%tneght?%éﬁnlfp% ﬁte&gg%%ﬁggﬂ?}ystl ng of
| ectins, antibodies, growh fact or binding proteins, and derivatives or
conbi nati ons ther eof 36._ The corrpaggj ti of claim 28, wherein the

non- nat ur a&ﬁéﬂﬁd@r Gsteoindustion Budi r selected fromthe group

oS S 0 O PN ik BoaP b }’%Qi%‘h@zhé 81302 HarkOWRRL KBS O
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aprotinin, 4-(2-am noet benzenesul fonyl fluoride (AEBS

aznast at i nMnals asspgrmld tgthq WighrRase yisatment suevp (ATZBEsvied 3; S) ml of the test

al phal -anti tr m nophe

ar phaneni n& KYED B%éé@rﬁara\%g Qr\él g&w%&ﬁ?? Ih%él/&%é}%% é&gﬁb{?ﬁ@ {}I\;E!ﬁiagg?ll@psai n
i nhi bitor lkissiealfRadsitlébf te dorsal ﬂhmaeatampgﬁm annhalbmsmgnedadn;mmapl n,

di i sopropyl fl uorophosphat e (DFP), g i.d qegtl da l/e h| bi t

di protin AtreEmM&ngPlﬂﬂﬂb)EYeGﬂlm@B’é’F re> Bl o

el ast ati nal i eulyiss d RS PHHA 1 tation, T
ai pha2- macrpogl O@Q]I)ﬁﬂgrg%%g&avgﬁ&%;l%slc#eo%{}ﬁ ?Atr}glrl de ?kas lmpgggslggt ??lr A

phebest i n, ahirhdls frhmnhaﬂ_hv\mmdrfélgh[ﬂuss phamant gronps atythres eaimals rp@arikani di ne

T R R W g R e T
1- chl or 0- 3tRsHA18WefOsaAriABRIEL 2fﬂ@i:httihl3 £oWen TREKIDost tegpgionps aidi sbi from, ths odi um
EDTA, and conbi nati ons thereo . A dem nerﬁl i zed bog‘ﬁﬂnggn X

conposi t i orCawieptreamegt genp)n ok lr@é’@t PSSR EP pyck fipead
barrier. 7210% neutral buffered formalin (NBF). The test and control implant sites from the 60

days post-implantation study interval were placed in decalcification solutions for 3 days
after adequate formalin fixation. All tissue samples were processed using standard
histological techniques, sectioned at 5 pum, and stained with hematoxylin and eosin.
Results: Osteoinduction was noted in the subcufaneous and intramuscular implant
sites for the test article and in the intramuscular site for the control DBM (no
subcutaneous implantation at 28 days post-implantation). New bone was characterized
histologically by being slightly more eosinophilic than the demineralized bone

components of the test and control articles. The new trabeculae were lined by plump
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W O 03/0311A56 PCT/11 S(12/32'1-11 39. The conposition of claim 38, wherein
the DBM conprises particles of at least 1 nun in their |argest dinension.
40. The owopssiwioon of claim 38, wherein the DBM conpri se®Cparsne/zives of at
least 1.5 mmin their |argest dinmension. 41. The conposition of claim 38,
wherein the DBM conprises particles of at least 2 mmin their |argest

di mensi on. 42. The conposition of claim 38, wherein the DBM conpri ses

particles; wherein the particles are are tapered, wedge-shaped, or

cone- shape@Ctivm @sigpllpgs. psieRseniapreceIses, ayteoigangd paerly mingralizedogtepid. Iar gest

di mensi on rOX| ' | N ' | Qb 4 The
conposi ti 01?11 0 @%:S?%?I%QS‘%%E%?%#&E%%%?%&O%I a?% PgééSt?dsIgg%ﬁ‘lggtgl é%g 1‘31 Pom t he
.group conssané cayesodartilagauwad presdny.nir 60 dagspastinyslahtaped, vivensy benedivdsi ed or

derivatived natural polynmers, nodifjed or derjvatized non-patural polyners,
and combi nSiPYigHY Cﬁﬁé‘ﬁ%ﬂfl» QW@SW?&IQ WIth AReresasd fihéCH%FS% ©mqdeppg.end| | y
-enbedded Wit hi ' j i i do lai.m; 43,
wherein t\kll\felg ae'? 3% 2{% S‘ggp{?@r&%Qgﬁf’ﬁag@?’%ﬁm&gﬁﬁ g%glr&i a%eof%@%rr%daﬁlctg)'n i nation
t her eof 45maifthw) contpobithieornatapbiaticdissueivas atiserved hetween tHepiabetidaeaa fatty

ccid L 40 ST SOaLlon O almad shersin. che poltogecharl de 52, o

and/ or bi oge@n@ahiahé BontrbBarticle. The amount of cartilage present varied between the implant
sites. This variation was most likely due to differences in the microenvironment for those
individual implants. The precursor cells involved in new bone formation are
pluripotential and under certain microenvironmental conditions will form fibrous tissue,
cartilage, or bone. The cartilage within the implant sites undergoes endochondral
ossification and becomes bone. Any differences in the tissue response, bone formation,
or cartilage formation between the test article implanted within the subcutaneous tissue
and that implanted in muscle were due to anatomical and microenvironmental differences
between the two tissues. Bone formation was noted for both the test and control article
implant sites 28 days post-implantation. The amount and maturity of the bone (as evident
by the amount of remodeling and the presence of loose fibrovascular stroma and

hematopoietic tissue) was greatly increased at 60 days for the test article.

Presence of New Bone and Cartilage by Treatment Group
- and Time Post-Implantation
Treatment 7 Days Post- 14 Days Post- | 28 Days Post- | 60 Days Post-
Group Implantation | Implantation | Implantation | Implantation
Bone/Cartilage

High Dose

Muscle 0/0 (n=4) 0/0 (n=4) 2.0/1.5 (n=4) | 3.5/0.0 (n=8)

Subcutaneous 0/0 (n=8) 0/0 (n=8) 1.4/1.5 (n=8) | 2.7/0.9 (n=15)
Low Dose

Muscle 0/0 (n=4) 0/0 (n=4) 2.3/0.8 (n=4) | 4.0/0.4 (n=5)
Control

Muscle 0/0 (n=4) 0/0 (n=4) 0.7/0.7 (n=4) | 2.5/0.2 (n=6)

[90] The ratings in the table above were*based on a 0-4 scale with 0 being 0% of

implant area occupied by new (viable) bone/cartilage; 1 being 1-25% of implant area
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w0 03/113W961 PCT/LJS02/329.~1 48. A dem neralized bone matrix conposition
conprising: dem neralized bone matrix (DBM and an associ ated exci pi ent,
wherei n W@ 00¥pPdsi ti on has a 10% or greater osteoi nducti wiChusopamia
conposition of the DBM al one wi thout excipient. 49. The conposition of
claim48, wherein the DBM conprises particles of at least 1 mmin their

| ar gest di nensi on. 50. The conposition of claim48, wherein the DBM

conpri ses Lcles of at.least, 1..5 rrun.in i r l.argest di nensign. 51.
The comos?ﬁ%%e%ok_g' n(:el%aqvfﬁtblfﬁ’oﬁﬂg?’rgf%e’t#%‘ﬁ%ﬁ%’?@ﬁb‘?fglglé’_ _ mpgqt&edg}y at

| east 2 nmmmew (Viable) bdrifcafbged BMRIG F75%53f inThlEntGREPAT ihic@By AbwElRbIR) 48,
.Wherein the DBM conprises particles;, wherein the particles are are
-tapered, weeRRécatlaaeand droeingnis- Eip efiimpinrt antscacenpicd he npai(viekleks are at

| east 1 | i.L. | argest dinension and are approximtely 100 mcrons in
anot her mrg%%{:%ﬁf.aé%& The conposition of claim48, wth a 20% or greater
-osteoi nductivity than the DBM al one wi t hout excipient. 54. The conposition
of claim48, wth a 35%or_greater osteoinductivity than the DBM al one

wi t hout exgl‘%ﬁgéjﬁ—' 11' dsrmirrb SEHHEBION i on of claim 48, wherein the excipi ent

s el ect ed 1 Of My ig b QYRS L SUigh) Yertbl I SH O DARICHSE 02V e
i nhibitors, conpetitive substrates, nmasking entities, and conblnations
t her eof . 56stedinduaivitp buss in the infentivaprepd@iionsher ei n t he excipient is sel ected

fromthe group nsi stin nat ural pol yners, .non-natural polyners,
nmodi fied or der ﬁ@ﬁfqvfﬁﬂve%agM%P”atIWQ8?069‘16995(a clean room environment from

human tissue. The finished implants are placed in individual tray packages.

Each tray is placed in an Audionvac sealing apparatus (Audion Electro B.V.,
Weesp-Holland) which is supplied with a cyliﬂder consisting of 50/50 hydrogen/argon
gas. Before the tray packages are sealed, they are evacuated and backfilled with the gas
mixture twice. Following sealing, the gas mixture remains in each tray package.

The packaged implants are then sealed packages and then treated with 15 KGy
gamma radiation from a cobalt 60 source to reduce the bioburden of the implants to the

desired level

Example 12: Comparing Osteoinductivity of DBM preparations to BMP and/or other
growth factors.

In the series of studies presented here, hybrid recombinant human BMPs (hybrid
rhBMPs, hrhBMPs) were prepared possessing stronger heparin-binding epitopes at the N-
termini compared with the wild type BMP. The heparin-binding site enhances binding to
the ECM increasing local residence time 6f the BMP so that the potential for interaction
with the appropriate cells in vivo is maximized (Kubler et al. “EHBMP-2. Initial BMP
analog with osteoinductive properties” Mund Kiefer Gesichtschir. 3 Suppl 1:5134-9,
1999; incorporated herein by reference).

The aim of the studies was to compare the osteoinductive potential of hybrid
thBMP-2x (hrhBMP-2x) with wild-type BMP-2 (thBMP-2) to determine whether a
synergistic potentigl existed when hrhBMP-2x was combined With. a demineralized bone

matrix or a devitalized (inactivated bone miatrix).
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PCT/ U S02/329 1 polyners, nodified or derivatived non-natural polymers, and
conbi nations thereof, and wherein the DBMis at |east partially enbedded

wi t hin t eoexelpient. 57. The conposition of claim56, whecaiusorbm4i
excipient is selected fromthe group consisting of polysaccharides, |ipids,
and conbi nations thereof. 58. The conposition of claimb56, wherein the
excipient is a |ipid/polysaccharide conbination. 59. The conposition of

cl ai m 58, ﬂg{@ﬁn the lipid is phosphatidylcholine and the starch is

anyl ose r t starch. 60. The conposition of claim48, wherein

ost eoi nducti vit g e50[, 4t

par avert ebral s%%%%eggﬁﬁéwtgﬁ cHaug a@t} gzd?&}geé{s}?}lsqgggf??%lll’ o(/\AE[nrﬁ1 1rb‘ﬁg

-i npl ant at i lchBMPL2x Weee macedamid IQﬂmg)bst@dmdumﬁé)hmmhledc&hmemﬂsﬂzﬁblbdnéliﬁier vity is

Cormos! &1 PTD AL ARG PR BErUST AP BAIYS BY° fos 2 hdautingt par eerh
least 21 deysDRPIh@Mk Bds b fﬂghx%ﬁtséttﬁdﬂ?'ﬂle c@@émrﬂﬁ@u ifg{&ﬁgl y@rc}gﬁrr?i't

wher ei n ost eoi nductivity nmeasured after
i mpl ant at i Yi¥o obthat Tivelly srepasithat differénack bcﬂweﬁﬂ;reaméami mtmtedd)BMmémw ty is
measur ed aft st 40 The conposition

of claim 60, 1&\% 8?tﬁ§%%?%§t%a&ﬁ$@f{w}wvﬁv§%ﬁ%%if‘lpi?’g?loﬁ?’ INELEMEB0 days
fol I owi ng hunMrEADBANMBx albBe (“dWRATHe0LIRG e%ﬂté&ﬁ(alaa/&a’e%v&ﬂed Gfmat DERM

conposi tion conprising DBM and an excipi ent having at |east 25% of the

ost eoi nductRAiRgd with 105 ang 1Bne-lebBMEgdh asthorand lpacélpaﬁedmatm with. 5pighvelld-

conposi ti | t SES A es .of at least 1

nmin t heiot?pﬁgfg}\gﬂegt A s%nﬁ‘g}(;%ke% %&agﬁfﬁ%ﬁﬁ%@%“%“SWg ?lgt HOBBE SHEPei n t he

DBM conpr i Sese gart75ed efthetrod-sdctiandl aleaofithe infiplil&¥ith dvaddRs bf Bhd¥ensi on.
formation, 3= 51-75%, 2= 26-50%, 1= 1-25%, 0= no bone formation) (Edwards JT,

Diegmann MH, Scarborough NL. Osteoinduction of human demineralized bone:

characterization in a rat model. Clin. Orthop. 357:219-28, 1998; incorporated herein by
reference).

Results
Histological scoring as described in the methods section was inadequate for

scoring most of the samples that contained a morphogen. The devitalized sample alone
(inactive DBF matrix) scored 0; devitalized + 1 pg hrh-BMP-2x scored 0.840.4; DBF '
matrix scored 2.5 £ 0.8; all other samples scored 4.

To further distinguish the extent of development of the nodules, a qualitative
scoring system was devised to determine the vascularity of the sample and residual DBF
remaining in the sample. The following scales were used:

Vascularity (bloody marrow): none=0; minor=1; few vessels, small vessels=2;
moderate cellularity and vessel size=3; extensive cellularity, large vessels=4

Residual DBF: none=0; minor=1; low=2; moderate=3, extensive=4

The active DBF matrix treated with hthBMP-2x produced a more differentiated
nodule with little residual DBM present, extensive new bone formation and highly
developed vasculature which was not evident in the devitalized group even at the highest
concentration of morphogen. The devitalized carrier can be compared to the collagen

sponge — essentially an inert, 3-dimensional structure to support bone growth. The wild-



69. The conposition of claim®66, wherein the DBM conprises particles of at
least 2 Mmin their | argest dinension. 70. The conposition of claim 66,
wher ei n tWe oPBMYSoNpri ses particles; wherein the particl epCarusoasmit aper ed,
wedge- shaped, or cone-shaped; and wherein the particles are at least 1 mm
in their largest dinension and are approximately 100 m crons in another

di mension. 71. The DBM conposition of claim66 having at |east 50% of

ost eoi nducti vi t% of 10 ~g BMP-col | agen sponge preparation. 72. The DBNI
conposi t i ofPethBMErhpmoduensha weoll develansd tvasnbaut and tsoiomilawvdver, the issidud ~g

at 1 oast o0 eRAREruRl RRRA Ry oS heii Eus RHGRERRE | Lgon sponge

-pr epar at i oQConélusionhe corrp05| tion of claim G5, wherein the excipient is
sel ected fr m t he %p COI’ISI st qulguOf di ffusion barriers, enzyne
i nhi bi t or s g &FpkY e madifieddrh RS2 hposereed steangenpriecirshisiifat i ons

‘t hereof . aim
66, wher ei thp he e%f(l{:alﬁ%'? gﬁﬁgsmﬁg%’ecgeéa é r omf%ﬁtg%}wgggccg%%?‘gﬁdntggo@ﬁlﬂ%{ ur al
pol yners, boie tatesiaived @l dersdr Struomeb, S'ymlcrmmc eeulis/aére D chimsl whical hrhBMPAer s,
nodi fied or deriva |z§d non- natural polynmexs, and conbinations ther eof and

wher ei n t héX BEfcoRbined Mtlﬁ%PﬁFdPWX@%@%@ﬂmqﬁWBF héhemostikeht |
The cormose;@g%waﬁ it g@ﬁ@l}geﬂ]?ggg&%wﬁal%?e&ﬂ heilEBvVPELL 6L 46 from the.

group consi sting o ysacc I pI ds nations thereof. 77.
The conposimplantapén suteaThe pé&sistunec ef the phovik faitq zemhe dite allowed for longer

l'i pi d/ polys ccharlde [of0) in gsition of claim erein
the 11 b o’ TRCBAeLES Ayt polRdeieien Faghias bo e Snprogbe Reted iy

starch. 79ip J&t@plggﬁmrﬁmm éﬁfescAalaeh@&naﬂ\ﬁ%hsgtwpﬁmﬁére&@&ftnevI ty is
measured in an athym c rat |undnuscle or par avei -t ebr al gﬁce of a
rabbit aft eﬁtegmdm@ag propegiiey of th) ewmshyraéd@dwgr@w}mfactcs@resvmb c;lvp@@thel on of
claim79, i 0|nd ctivit afte |.eas

Foilowi ng LOSPEER PSR! Sy i aFRRED Bl pem GRRhtiboteY®

ost eoi nduc{Kubleyerich “ritgtnic Bond wcaaﬁlagemtphage&amsmmmrmd andliant at i on.
82. The conposition of claim 79, wherein osteoinductivity is nmeasured after

at | east 28UHAyks CreniomeFHearnpr Bt %7 233-8, 1991; Kubler et al. “Effect of different
factors on the bone forming properties of recombinant BMPs” Mund Kiefer Gesichtschir.

4 Suppl 2:5465-9, 2000; each of which is incorporated herein by reference).

Example 13: Process of makmg a species- spec1ﬁc osteoimplant with defined dimensions.
Long bones from human Rhesus Monkey, canine, and rabbit were used to prepare
species-specific solid formed implant matrices. Bones were aseptically cleaned. The
cortical bone was processed in the bone milling apparatus described in U.S. Patent No.
5,607,269, incorporated herein by reference, to yield about 65 grams of elongate bone
fibers. The elongate bone fibers were placed in a reactor and allowed to soak for about 5-
10 minutes in 0.6 N HCI plus 20-2000 ppm nonionic surfactant solution. Following
drainage of the HCl/surfactant, 0.6 N HC! at 15 ml per gram of total bone was introduced
into the reactor along with the elongate bone fibers. Thé reaction proceeded for about 40-
50 minutes. Following drainage through a sieve, the resulting demineralized elongate
bone fibers were rinsed three times with-sterile, deionized water at 15 ml per gram of
total bone, being replaced at 15-minute intervals. Following drainage of the water, the

bone fibers were covered in alcohol and allowed to soak for ét least 30 minutes. The



83. The conposition of claim79, wherein osteoinductivity is measured after
at | east 40 days follow ng inplantation. WO U3/11311956 PCT/ U SU2/329.~ 1
84. The owapPdyeiwson of claim 79, wherein osteoi nductivityPpPcI/umasmed after
at | east 60 days follow ng inplantation. 85. The conposition of claim 22,
wherein the stabilizing agent is a tertiary stz~cture disrupting agent. 86.
The conposition of clai m 85 wherein the tertiary disrupting agent S

sel ected fro 0 SIS allrylating.agents .and. sy fhydryl
modi f yi ng %@‘M was g‘? ﬂ ﬁ% B‘?fieotiﬂbea? w eé}qﬁ?‘gg’lﬁ%ﬁé‘ﬁf’e.dﬁm{‘ﬁs %i ary
di srupt i noTRIGMHe ﬂb%rs%@ére %e?l%ma%atvm DHndre GFABHE Y. s glycErdppir cglranﬁ of
hydrochl oride, dithiothreitol, iodoacetic acid, nethyl Todide, and alkyl

-i odi de. 88d1'y/boneﬁhc1ﬂ and ahnn&r}@,ﬁlmbstaxlddmomméwawepemw Qfﬂ;h}’ benechasvsi t i on,

t he met hod co ste VI di stab| I.IZI ng
agent ; ande ?bﬁlﬁn 1% RﬁS\M ‘illfia%l 55?1’\%&1568%"[1 Wd ROEPOREIE st abl e
-DBM COWDOSééﬂt&lﬂmg RpMb¥ithat&l§- 11°J@v/0ﬁ&éﬂxﬂﬁeﬁflzéa| dlofipAt8 boxvmﬂs@g Wal Hignsféredd of
prOV|d|ng DBM conprises treating t Wit h a protease inhibitor. 90. A

drug del i vioralgevk éécn@ orobd ceitrigingcdid hesiing ¢ plathlibopepratinding m@ﬂ!@ﬂ@%&t i ve
agent to b deliv dsor d ont th I X |
91. The dr 8%%‘?91 j%@%‘c 1 gﬁ%eapgld'ﬁ“gﬁrﬁd%ﬁ@a |l@e‘gag%g??| s an

ost eoi nducpiavéd drait @fold such that the 1ndentat10ns became immersed into the fibers to exert as

little pressure on the composition as possible. The dimensions of the protrusions can be
made specific for the size of the osteoimplant required for the animal model of interest.
The resulting cut pieces had dimensions of 4.5 cm in length, 2.5 cm in width and about 8
mm in height (or thickness) with trough dimensions 3.5 cm in length, 1 cm in width and
depth of the of 4 mm. The mold was then placed in an oven at 46°C for 4 hours. The
composition was then frozen overnight at -70°C and then lyophilized for 48 hours.
Following lyophilization, the mold was disassembled and the sponge-like formed
composition was cut into individual pieces that contained troughs.

The resulting composition was cohesive, flexible, sponge-like with an obvious
continuous three-dimensional structure with visible open pores, had a defined shape
including the indentations made by the lid protrusions, did not require rehydration before
use, but was rapidly hydratable and retained its shape once wetted with fluids and

freezing was not required for storage.

Example 14: Method for Fabricating a.Partially Embedded DBM/Polymer Composite
The following method is used to produce a demineralized bone matrix partially
embedded in a resorbable polymer. Such partially embedded DBMs provide an initial
level of osteoinductivity from the non-embedded DBM portion, and then a continuous
source of un-degraded active DBM as the polymer degr.ades with time. The method is
particularly well suited for embedding DBM in tyrosine polycarbonate DT (Integra life
sciences) and poly (L-lactide-co-D, L-lactide 70/30) (Boehringer Ingelheim). This device
has particular application in posterior lateral spine fusion, where it can be placed within

the lateral gutter to promote intertransverse process bone formation, The method can be



WO 03/03W9sfi PCT/LJISI| 2/ 329-41 92. The drug delivery device of claim90,
wherein the bioactive agent is selected fromthe group consisting of bone
nozphogenedig/oppat ei n, TG-- (3, and 1GF. 93. The drug del i vempsdevivae of
cl aim 90, wherein the bioactive agent is bone norphogenetic protein. 94.
The drug delivery device of claim90, wherein the bioactive agent is
covalently attached to the matrix. 95. The drug delivery device of claim

o0 Wher ik Rl cAEh oY EpfgSiiely SpANA FANR LMY B HRTHARo] Gesbifed B 11 X.

96. The drug 'very erei n the bioactive agent is
sel ect ed Exeipld® ghoveorahanittdyg ollesinal df denlirecalized conisalbiopafibesnpounds,

cells, polynucleotides, proteins, peptide d , d Vi +:97. Th
.drug deloi \Y‘é&“'%@é\ﬂbé_@a oF C@l @PFH’@'@M@E%EF‘@ r’ﬁ {%@%gﬁggggfgvléé‘g‘%ﬁg é‘%gel ect(:a ed
from the ghoua ANk Slde 00t BOHBIQLS EitianP bimDeaBlIPGd soagebisbe gr ot h

factors, henmatopoietic factors, wound healing factors, and nutrients. 98.
-The ost eoipardiatlyievtbeddedtysthisimethddr i npl antation at a bone defect site which

conpri ses osteoj nductive dernineralized .bone trix in.a ny i . of
hydr at ed pol ysa%éq%gﬁ?saét,eeltqﬁ&ls %&e&%ateﬁﬂéﬁwyt%’ aB%rloing%t%ﬁa}r; ?ngiel ng esent in

the carri ge;eid\ted W fidig iR roudRRly I aRhE 9ih 1BE ldweRPbiioadfilowabi ity to
the conposition and providing an osteoi nductive activity of at |least 1 as

measur ed hignitealigedyhone. Tha fibay duhdlaos apirigsimpinis csaieessi iRdbrtlape, ledHP®si ti on
o o1 M SRl 8. e Rigas il dond f aclechel b omaiteton
cl ai m 9S, mheishen khstied k@ heRintiérsil8 of the clamp until the polymer has melted. The

clamp is then tightened (diameter reduced) while the polymer is still flowable, forcing the

polymer to flow into the lower part of the fiber bundle. The polymeric material is then

allowed to cool and the clamp removed, embedding the lower portion of the fibers in the

solid polymer. '

In preferred embodiments resorbable polymers are employed. Temperatures are

used which melt the polymer to a suitable viscosity to allow the melted polymer to flow

in and around the demineralized bone. Most often the temperature employed will be

from about 0 to about 15 degrees above the glass transition temperature of the polymer.

Since the biological activity of DBM may degrade if maintained at temperatures above

60°C for significant periods of times, the preferred polymers will have glass transition

temperatures lower than 100°C preferably lower than 80°C and most preferable below

60°C. For tyrosine polycarbonate DT a temperature of 115°C for 10 minutes is

employed. For poly (L-lactide-co-D, L-lactide 70/30) 70°C is suitable. This method is

also applicable if a suitable polymer solvent is used instead of heat to facilitate polymer

flow.

Example 15: DBM preparation comprising a mixture of stabilized DBMs with a
prolonged half-life diffusion barrier

Two demineralized bone formulations are prepared:

Demineralized bone preparation #1. DBM,is prepared from about 150-1000 micron bone

particles demineralized, lyophilized and then pre-swollen with 100% glycerol, excess



WO 03/ (13(19S0 PCT/ US02/ 329~1 sel ected fromthe group consisting of corn
starch, wheat starch, potato starch, rice starch, and conbi nations thereof
101. The Ve v¥iop#ucti ve conposition of claim 98, wherein PEE/USEL/BIWHbSe is
met hyl cellulose at a | evel of from about 0.5%to about <3.0% by wei ght of
t he osteoi nductive conposition. 102. A graft material conprising bone
derived particles and starch or conbination of starches. 103. A graft

material CQURAbIS emGae b MaR PIALGIRADL, GloBerolSidht @ll BNide @abalbiki on of
st arches, a biologically active factor. 104. A conposition conprising
deni ner al i steoyidaeylatt (Tlyxo (HoBMrthalHavea, €Thlsithixed A0: 1dyeneightih dpEpEenHy

tabili zing. t tends the half |if f tivit lvo. 105. A
composi 1 OB HHPBY o DB it 3t hh B Atk o AL wirecef B B st ove
the el easgmbPpBiv fthaHHTs Bt &RicAdH s bhnkik ahll SRYLA Hfarlifle sBBYE aticut

ACA& Al 9. PRy 1R ARTGhsA&. A& AA A& A& A& A A9. AL A& A& A& A& A9. A& A. A&. A&. As
& A . A& A A& A9. A?&' 9. AA&. Ah&. A

0 & hi, RO R ORI RS SO READ DM gD APRRYEE A9 Ag. AN
9. As. A& A% ArBsd & 1D nfADAR G AF1 Ay fisHPEffects & Lecithin and Human DBM

on Bone Induction in Nude Rats” Abstract from the 28" Annual Meeting of the Society

for Biomaterials (2002) incorporated herein by reference. Briefly, Pospholipon 90G,

(American Lecithin Company) is mixed with demineralized bone at a weight ration of

between 40% lecithin:60% DBM to 60% lecithin:40% DBM

A third starch based demineralized bone is prepared according to Example 2 with

the exception that only one third of the total demineralized bone was added to the starch

carrier. In place of the remaining two thirds of demineralized bone, is added equal

amounts demineralized bone from preparations #1 & #2 of this Example. The

composition is then mixed to form the implant preparation.

Examplel6: Competitive substrate

Poly-L-lysine may be used as a competitive inhibitor for serine protease enzymes.
This example describes the preparation of demineralized bone incorporating poly-L-
lysine. Poly-L-lysine (10-300 kD) is prepared in 1mM HCL in a range of concentrations
from about 1-10 mg/ml. Demineralized bone is prepared. Following final washing it is
mixed with the poly-L-lysine solution in one of 5 concentrations to form a thick slurry
(~0.33gm/mL). The demineralized bone/substrate mixture is lyophilized to dryness. The

demineralized bone thus prepared is used directly or formulated with a carrier.

Example 17: A fatty acid/starch diffusion barrier matrix
Demineralized bone is prepared as described in example 14 with the modification
that the polymer/DBM preparation is omitted, being replaced by an equal weight of the

lecithin preparation.
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: the cubes showed evidence of remodeling albeit slower than the fibers. Bone remodeling

occurred faster on the external surfaces compared to internal surfaces. The cubes
continue to provide the important support matrix and osteoinductive signal required for

normal bone formation throughout the healing response.

Example 19: Establishment of Handling Characteristics for Inventive compositions

The following example describes the addition of demineralized bone to an
inventive stabilizing agent and/or diffusion barrier to produce a formable osteoinductive
implant composition. The example describes the establishment of an appropriate carrier
viscosity, mixing the carrier with DBM, and adjustment of the final handling properties
of the competed composition.

Carrier Viscosity. The inventive starch based compositions were prepared as
described in Example 3, with a variety of starch to water ratios ranging from about 5% to
about 45%. The starch powders was mixed with water and the mixture was autoclaved to
produce a sterile hydrated starch preparation. The autoclaved starch was then tested for
viscosity. Starch formulations with viscositi'es within the range of 5000 to 20000 sCp
were used to prepared DBM compositions.

A Brookfield Viscometer (HB-DV III+) with the appropriate sample adaptor
(SSA27/13RPY s/n RP66162 with spindle #27), supported by Rheocalc32 software was
used to determine the viscosity of the starch carrier.

Mixing of carrier and DBM. The starch carrier with a viscosity of approximately
5000 sCpi was mixed with varying quantities of DBM (from about 10% to about 50%
DBM by weight) to produce a composition with a consi‘stency similar to that of modeling
clay or bread dough. Variations employing lesser amounts of DBM resulted in a
composition with a cohesive yet almost flowable product. Formulations employing more

DBM produced a product with a very stiff consistency, and formu_lations with high levels
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O O O () o camposirion hamding propermics “The fallawing mhethed was sed 07
establish consistency in handling properties of the inventive compositions. Compositions
employing starch-based carriers with penetration resistance values of 25 -120N were
considered acceptable, with values of 30-90N representing a more preferable range and
values between 40 — 65 N being even more preferable.

A 1” diameter X 9” long threaded (14 tpi) push rod was mounted to the actuator

of a MTS 858 Bionix Test System fitted with a 1kN force transducer. A piece of 1.5”
diameter X 6” length PVC pipe was centered vertically on the force transducer and a
large weigh boat was placed underneath it to catch the extruded bone formulation. A 17
I.D. X 0.5” thick spacer was placed on top of the PVC tubing and 7.00g of bone mixture
was weighed into a 5cc syringe and loaded into the tip of the syringe using a clean, dry
5cc syringe plunger with the tip removed just below the o-ring to create a flat surface.
The loaded syringe was placed vertically into the spacer/PVC pipe assembly with the
plunger facing up. The whole assembly_(PVC pipe, spacer, and syringe) was centered on
the load cell directly under the pﬁsh rod. The center of the plunger was lined up with the
center of the push rod. The 1kN load range was used for the first test of each new bone
formulation. When the maximum load requi'red to extrude the bone mixture was less
than 90N, then the 100N load range was used during subsequent tests to achieve a higher
degree of accuracy. The test sample was preloaded under load control to 5N, the
displacement was zeroed, and the test was executed. Bone formulations were extruded at

a rate of Smm/min to a maximum displacement of 20mm in compression. The average

maximum force required to extrude each bone formulation was then determined.

Example 20: Detection of Amylase Sensitivity

This example describes the assessment of amylase resistance for starch-based
stabilizers and diffusion barriers (carriers). Increasing the amylase resistance of a starch-
based carrier increases the effective residence time of the carrier following implantation

and therefore enhances the stabilizing effect of the carrier.
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The breakdown of the starch and starch/lipid compositions of Examples 3, 9, 15,
and 17 as well as new candidate aimylase resistant starches and modified starches, is
monitored using the resistant starch assay kit from Megazyme International Ireland Ltd.
(Amyloglucosidase o-Amylase Method AOAC Method 996.11, AACC Method 76.13,
ICC Standard Method No. 168). Formulations with slowest breakdown will generally

have the longest stabilization effect ir vivo.

Example 21: Starch/lipid Carrier Compositions
The following compositions were prepared in a similar fashion to those described
in Examplex 3,9, 15, and 17. Carriers were autoclaved for 20 minutes to sterilize them

prior to mixing with DBM.

Combination #1 - Carrier | consisted of about 8% Penford Maps 281 and 5% Lecithin

with the remainder being water.

Combination #2 - Carrier 2 consisted of about 8% Penford Maps 281 and 15% Lecithin

with the remainder being water.

Combination #3 - Carrier' 3 consisted of about 6% GPC B980 and 5% Lecithin with the

remainder being water.

Combination #4 - Carrier 4 consisted of about, 6% GPC B980 and 15% Lecithin with

the remainder being water.

Each of the four carrier combinations were mixed with human DBM to yield a
bone content of about 25%. These bone mixtures were then tested for osteoinductivity as

previously described in Example 6.
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) 10g8JdE: /109 The foregoing has been a description of certain non-limiting preferred
embodiments of the invention. Those of ordinary skill in the art will appreciate that
various changes and modifications to this description may be made without departing

from the spirit or scope of the present invention, as defined in the following claims.
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The biologically active agents that in the DBM compositions of the present
invention are any substances having biological activity, including small molecules,
chemical compounds, proteins, polypeptides, polynucleotides, nucleoproteins,
polysaccharides, glycoproteins, lipoproteins, and synthetic and biologically engineered
analogs thereof.

Examples of biologically active compounds that might be utilized in a DBM
composition of the invention include literally any hydrophilic or hydrophobic
biologically active compound. Preferably, though not necessarily, the drug is one that
has already been deemed safe and effective for use by the appropriate governmental
agency or body. For example, drugs for human use listed by the FDA under 21 C.F.R.
330.5, 331 through 361; 440-460; drugs for veterinary use listed by the FDA under 21
C.F.R. 500-582, incorporated herein by reference, are all considered acceptable for use in
the present novel polymer networks.

Drugs that are not themselves liquid at body temperature can be incorporated into
DBM and other polymers. Moreover, peptides and proteins which may normaily be
lysed by tissue-activated enzymes such as peptidases, can be passively protected in
polymers or DBM as well.

The term “biologically active compofmd” includes pharmacologically active
substances that produce a local or systemic effect in animals, plants, or viruses. The term
thus means any substance intended for use in the diagnosis, cure, mitigation, treatment or
prevention of disease or in the enhancement of desirable physical or mental development
and conditions in an animal, plant, or virus. The term “animal” used herein is taken to
mean mammals, such as primates, including humans, sheep, horses, cattle, pigs, dogs,
cats, rats, mice; birds; reptiles; fish; insects; arachnids; protists (e.g. protozoa); and
prokaryotic bacteria. The term "plant" means higher piants (angiosperms,
gymnosperms), fungi, and prokaryotic blue-green "algae" ( i.e. cyanobacteria).

The biologically active compound may be any substance having biological
activity, including proteins, polypeptides, polynucleotides, nucleoproteins,

polysaccharides, glycoproteins, lipoproteins, and synthetic and biologically engineered
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, 10z protein or peptide, naturally occurring or synthetic.

Examples of proteins include antibodies, enzymes, steroids, growth hormone and
growth hormone-releasing hormone, gonadotropin-releasing hormone, and its agonist and
antagonist analogues, somatostatin and its analogues, gonadotropins such as luteinizing
hormone and follicle-stimulating hormone, peptide-T, thyrocalcitonin, parathyroid
hormone, glucagon, vasopressin, oxytocin, angiotensin I and II, bradykinin, kallidin,
adtenocorticotropic hormone, thyroid stimulating hormone, insulin, glucagon and the
numerous analogues and congeners of the foregoing molecules.

Classes of biologically active compounds which can be loaded into crosslinked
gels using the methods of this invention include, but are not limited to, anti-AIDS
substances, anti-cancer substances, antibiotics, immunosuppressants (e.g., cyclosporine)
anti-viral substances, enzyme inhibitors, neurotoxins, opioids, hypnotics, antihistamines,
lubricants tranquilizers, anti-convulsants, muscle relaxants and anti-Parkinson substances,
anti-spasmodics and muscle contractants, miotics and anti-cholinergics, anti-glaucoma
compounds, anti-parasite and/or anti-protozoal compounds, anti-hyperteﬁsives,
analgesics, anti-pyretics and anti-inflammatory agents such as NSAIDs, local anesthetics,
ophthalmics, prostaglandms anti- deplessants anti-psychotic substances, anti-emetics,
Imaging agents, specific ta1 getmg agents, neurotransmitters, proteins, cell response
modifiers, and vaccines. )

A more complete 1iéting of classes of compounds suitable for loading into
polymers using the present;methods may be found in the Pharmazeutische Wirkstoffe
(Von Kleemann et al. (eds) Stuttgart/New York, 1987, incorporated herein by reference).

Examples of particular biologically active substances are presented below:

Anti-AIDS substances are substances used to treat or prevent Autoimmune Deficiency

Syndrome (AIDS). Examples of such substances include CD4,
3'-azido-3'-deoxythymidine (AZT), 9-(2-hydroxyethoxymethyl)-guanine acyclovu()

phosphonoformic acid, 1-adamantanamine, peptide T, and 2,3' dideoxyeytidine.
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109" &10% mqﬂ;o)@pom&'e(o)le ag@ateipggestrol acetate, dlethylstﬂ estrol testosterone
propionate, fluoxymesterone, vinblastine, vincristine, vindesine, daunorubicin,
doxorubicin, hydroxyurea, procarbazine, aminoglutethimide, mechlorethamine,
cyclophosphamide, melphalan, uracil mustard, chlorambucil, busulfan, carmustine,
lomusline, dacarbazine (DTIC: dimethyltriazenomidazolecarboxamide), methotrexate,
fluorouracil, 5-fluorouracil, cytarabine, cytosine arabinoxide, mercaptopurine,

' 6-mercaptopurine, thioguanine.

Antibiotics are art recognized and are substances which inhibit the growth of or kill
microorganisms. Antibiotics can be produced synthetically or by microorganisms.
Examples of antibiotics include penicillin, tetracycline, chloramphenicol, minocycline,
doxycycline, vanomycin, bacitracin, kanamyein, neomycin, gentamycin, erythromicin

and cephalosporins.

Anti-viral agents are substances capable of destroying or suppressing the replication of

viruses. Examples of anti-viral agents include a~methyl-P-adamantane methylamine,
1,-D-ribofuranosyl-1,2 4-triazole-3 carboxamide, 9-[2-hydroxy-ethoxy]methylguanine,
adamantanamine, 5-iodo-2'-deoxyuridine, trifluorothymidine, interferon, and adenine

arabinoside.

Enzyme inhibitors are substances which inhibit an enzymatic reaction. Examples of

enzyme inhibitors include edrophonium chloride, N-methylphysostigmine, neostigmine
bromide, physostigmine sulfate, tacrine HC), tacrine,1-hydroxy maleate, iodotubercidin,
p-bromotetramisole, 10-(alpha-diethylaminopropionyl)- phenothiazine hydrochloride,
calmidazolium chloride, hemicholinium-3, 3,5-dinitrocatechol, diacylglycerol kinase
inhibitor I, diacylglycerol kinase inhibitor II, 3-phenylpropargylamine,
N6-m0110methy1-L-arginine acetate, carbidopa, 3-hydroxybenzylhydrazine HCl,
hydralazine HC], clorgyline HCI, deprenyl HCLL(-)-, deprenyl HC1,D(+)-,
hydroxylamine HCI, iproniazid phosphate: 6-MeO-tetrahydro-9H-pyrido-indole,
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Neurotoxins are substances which have a toxic effect on the nervous system, e.g. nerve
cells. Neurotoxins include adrenergic neurotoxins, cholinergic neurotoxins,
dopaminergic neurotoxins, and other neurotoxins. Examples of adrenergic neurotoxins
include N-(2—chloroethyl)—N-eihyl-?.-bromobenzylamine hydrochloride. Examples of
cholinergic neurotoxins include acetylethylcholine mustard hydrochloride. Examples of
dopaminergic neurotoxins include 6-hydroxydopamine HBr,
1-methyl-4-(2-methylphenyl)-1,2,3,6- tetrahydro-pyridine hydrochloride,
1-methyl-4-phenyl-2,3- dihydropyridinium perchlorate, N-methyl-4-phenyi-1,2,5,6-
tetrahydropyridine HC], 1-methyl-4-phenylpyridinium iodide. |

Opioids are substances having opiate like effects that are not derived from opium.
Opioids include opioid agonists and opioid aﬁtagonists. Opioid agonists include codeine
sulfate, fentanyl citrate, hydrocodone bitartrate, loperamide HCI, morphine sulfate,
noscapine, norcodeine, noﬁnorphine, thebaine. Opioid antagonists include
nor-binaltorphimine HCI, buprenorphine, chlornaltrexamine 2HCI, funaltrexamione HCI,
nalbuphine HCI, nalorphine HCI, naloxone HC], naloxonazine, naltrexone HCl, and
naltrindole HCL

Hypnotics are substances which produce a hypnotic effect. Hypnotics include
pentobarbital sodium, phenobarbital, secobarbital, thiopental and mixtures, thereof,
heterocyclic hypnotics, dioxopiperidines, glutarimides, diethyl isovaleramide,

a-bromoisovaleryl urea, urethanes and disulfanes.
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agents are substances capable of counteracting or suppressing inflammation. Examples

of such agents include aspirin (salicylic acid), indomethacin, sodium indomethacin
trihydrate, salicylamide, naproxen, colchicine, fenoprofen, sulindac, diflunisal,

diclofenac, indoprofen and sodium salicylamide.

Local anesthetics are substances which have an anesthetic effect in a localized region.

Examples of such anesthetics include procaine, lidocain, tetracaine and dibucaine.
Ophthalmics include diagnostic agents such as sodium fluorescein, rose bengal,
methacholine, adrenaline, cocaine, and atropine. Ophthalmic surgical additives include

alpha-chymotrypsin and hyaluronidase.

Prostaglandins are art recognized and are a class of naturally occurring chemically
" related, long-chain hydroxy fatty acids that have a variety of biological effects.

Anti-depressants are substances capable of preventing or relieving depression. Examples

of anti-depressants include imipramine, amitriptyline, nortriptyline, protriptyline,
desipramine, amoxapine, doxepin, maprotiline, tranylcypromine, phenelzine, and

isocarboxazide.
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Other cell response modifiers are the interleukins, interleukin inhibitors or
interleukin receptors, including interleukin 1 through interleukin 10; interferons,
including alpha, beta and gamma; hematopoietic factors, including erythropoietin,
granulocyte colony stimulating factor, macrophage colony stimulating factor and
granulocyte-macrophagé colony stimulating factor; tumor necrosis factors, including
alpha and beta; transforming growth factors (beta), including beta-1, beta-2, beta-3,

inhibin, and activin; and bone morphogenetic proteins.
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2. The composition of claim 1, wherein the stabilizing agent is selected from the

group consisting of diffusion barriers, enzyme inhibitors, competitive substrates, masking

entities, and combinations thereof.

3. The composition of claim 1, wherein the stabilizing agent is selected from the
group consisting of natural polymers, non-natural polymers, modified or derivatived
natural polymers, modified or derivatized non-natural polymers, and combinations

thereof; and wherein the matrix is at least partially embedded within the stabilizing agent.

4, The composition of claim 3, wherein the natural polymer is selected from the

group consisting of lipids, polysaccharides, and combinations thereof.

S. The composition of claim-4, wherein the lipid is a fatty acid.

6. The composition of claim 4, wherein the polysaccharide is a starch

7. The composition of claim 3, wheréin the stabilizing agent is resorbable or
biodegradable.

g. The composition of claim 3, wherein the non-natural polymer is a resorbable

polymer selected from the group consisting of poly-lactic acid, poly-glycolic acid, co
polymers of poly-lactic and poly-glycolic acid (PLGA), polydextran, polyester,
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combinations thereof.

11.  The composition of claim 10, wherein the ceramic comprises calcium phosphate

or calcium sulfate.

12.  The composition of claim 11, wherein the calcium phosphate is selected from the
group consisting of amorphous calcium phosphate, poorly crystalline hy&roxyapatite,
nanocrystalline hydroxyapatite, stoichiometric hydroxyapaptite, calcium deficient
hydroxyapatite, substituted hydroxyapatites, tri calcium phosphate, tetracalcium

phosphate, dicalcium phosphate dihydrate, and monocalcium phosphate

13.  The composition of claim 3, wherein the matrix is a non-natural resorbable

polymer or derivative thereof.

14.  The composition of claim 3, wherein the polymer is selected from the group
consisting of poly-lactic acid, poly-glycolic acid, co polymers of poly-lactic and poly-
glycolic acid (PLGA), polydextrén, polyester, polyvinylalcohol, tyrosine polycarbonates,
tyrosine polyarylates, poly-orthoesters, polylactides, polyglycolides, polyethers, poly-

fumarates polyesters, and co-polymers thereof.
15. The composition of claim 1, wherein the growth factor is selected from the group

consisting of osteogenic factors, vaxcularizing factors, angiogenic factors, and

combinations thereof.
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17.  An implantable bone growth inducing composition comprising:

a particulated ceramic,

a growth factor associated with the ceramic; and

a resorbable or biodegradable polymer;

wherein the particulated ceramic is distributed within the polymer, and wherein

the osteoinductivity of the composition is greater than the osteoinductivity of a

composition of the particulated ceramic and associated growth factor alone.
18.  The composition of claim 17, wherein the polymer is selected from the group
consisting of polysaccharides, lipids, resorbable polymers, resorbable plastics, derivatives

thereof, and combinations thereof.

19.  The composition of claim 17, wherein the ceramic is a calcium phosphate

ceramic.
20.  The composition of claim17, wherein the polymer is a starch.
21.  The composition of claim 20 further comprising a lipid.

22. A demineralized bone matrix (DBM) composition comprising a demineralized

bone matrix (DBM), and a stabilizing agent.

23.  The composition of claim 22, wherein the DBM comprises particles of at least 1

mm in their largest dimension.

24.  The composition of claim 22, wherein the DBM comprises particles of at least 1.5

mm in their largest dimension.
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26.  The composition of claim 22, wherein the DBM comprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherein the particles are at least 1 mm in their largest dimension and are

approximately 100 microns in another dimension.
27.  The composition of claim 22, wherein the stabilizing agent is selected from the
group consisting of diffusion barriers, enzyme inhibitors, competitive substrates, masking
entities, and combinations thereof.
28.  The composition of claim 22, wherein the stabilizing agent is selected from the
group consisting of natural polymers, non-natural polymers, modified or derivatived
natural polymers, modified or derivatized non-natural polymers, and combinations

thereof; and wherein the matrix is at least partially embedded within the stabilizing agent.

29.  The composition of claim 28, wherein the natural polymer is selected from the

groups consisting of lipids, polysaccharides, and combinations thereof.
30.  The composition of claim 29, wherein the lipid is a fatty acid..
31.  The composition of claim 29, wherein the polysaccharide is a starch.

32.  The composition of claim 28, wherein the stabilizing agent is resorbable and/or
biodegradable.

33.  The composition of claim 22, wherein the stabilizing agent is selected from the

group consisting of protease inhibitors, glycosidase inhibitors, and combinations thereof.
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35.  The composition of claim 22, wherein the stabilizing agent is a masking agent

selected form the group consisting of lectins, antibodies, growth factor binding proteins,

and derivatives or combinations thereof.

36.  The composition of claim 28, wherein the non-natural polymer is a resorbable
polymer selected from the group consisting of poly-lactic acid, poly-glycolic acid, co
polymers of poly-lactic and poly-glycolic acid (PLGA), polydextran, polyester,
polyvinylalcohol, tyrosine polycarbonates, tyrosine polyarylates, poly-orthoesters,
polylactides, polyglycolides, polyethers, poly-fumarates polyesters, and co-polymers
thereof.

37.  The composition of claim 22, wherein the stabilizing agent is selected from the
group consisting of aprotinin, 4-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF),
amastatin-HCI, alphal -antichymotrypsin, antithrombin III, alphal-antitrypsin, 4-
aminophenylmethane sulfonyl-fluoride (APMSF), arphamenine A, arphamenine B, E-64,
bestatin, CA-074, CA-074-Me, calpain inhibi'tor I, calpain inhibitor I1, cathepsin
inhibitor, chymostatin, diisopropylfluorophosphate (DFP), dipeptidylpeptidase IV
inhibitor, diprotin A, E—64¢, E-64d, E-64, ebelactone A, ebelactone B, EGTA, elastatinal,
foroxymithine, hirudin, leuhistin, leupeptin, alpha2-macroglobulin, phenylmethylsulfonyl
fluoride (PMSF), pepstatin A, phebestin, 1,10-phenanthroline, phosphoramidon,
chymostatin, benzamidine HCl, antipain, epsilon-aminocaproic acid,'N-ethyhnaleimide,
trypsin inhibitor, 1-chloro-3-tosylamido-7-amino-2-heptanone (TLCK), 1-chloro-3-
tosylamido-4-phenyl-2-butanone (TPCK), trypsin inhibitor, sodium EDTA, and

combinations thereof.

38. A demineralized bone matrix composition comprising demineralized bone matrix
(DBM) and a diffusion barrier.
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41.  The composition of claim 38, wherein the DBM comprises particles of at least 2

mm in their largest dimension.

42.  The composition of claim 38, wherein the DBM comprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherein the particles are at least 1 mm in their largest dimension and are

approximately 100 microns in another dimension.
43.  The composition of claim 38, wherein the diffusion barrier is selected from the
group consisting of natural polymers, non-natural polymers, modified or derivatived
natural polymers, modified or derivatized non-natural polymers, and combinations

thereof; and wherein the DBM is at least partially embedded within the diffusion barrier.

44, The composition of claim 43, wherein the natural polymer is a lipid, a

polysaccharide, or a combination thereof
45. The composition of claim 44, wherein the lipid is a fatty acid..
46.  The composition of claim 44, wherein the polysaccharide is a starch.

47.  The composition of claim 44, wherein the polymer is resorbable and/or

biodegradable.
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52.  The composition of claim 48, wherein the DBM comprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherein the particles are at least 1 mm in their largest dimension and are

approximately 100 microns in another dimension.

53. The composition of claim 48, with a 20% or greater osteoinductivity than the

DBM alone without excipient.

54.  The composition of claim 48, with a 35% or greater osteoinductivity than the

DBM alone without excipient.
55.  The composition of claim 48, wherein the excipient is selected form the group
consisting of diffusion barriers, enzyme inhibitors, competitive substrates, masking

entities, and combinations thereof.

56.  The composition of claim 48, wherein the excipient is selected from the group

consisting of natural polymers, non-natural polymers, modified or derivatized natural
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60.  The composition of claim 48, wherein osteoinductivity is measured in an athymic
rat hindmuscle or the paravertebral space of a rabbit after at least 7 days following

implantation.

61.  The composition of claim 60, wherein osteoinductivity is measured after at least

14 days following implantation.

62. The composition of claim 60, wherein osteoinductivity is measured after at least

21 days following implantatioh.

63.  The composition of claim 60, wherein osteoinductivity is measured after at least

28 days following implantation.

64. The composition of claim 60, wherein osteoinductivity is measured after at least

40 days following implantation.

65.  The composition of claim 60, wherein osteoinductivity is measured after at least

60 days following implantation.
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mm in their largest dimension.

70.  The composition of claim 66, wherein the DBM comprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherein the particles are at least 1 mm in their largest dimension and are

approximately 100 microns in another dimension.

71.  The DBM composition of claim 66 having at least 50% of osteoinductivity of 10
ng BMP-collagen sponge preparation. |

72.  The DBM composition of claim 66 having at least 75% of osteoinductivity of 10
pg BMP-collagen sponge preparation.

73.  The DBM composition of claim 66 having at least 90% of osteoinductivity of 10
ng BMP-collagen sponge preparation.

74.  The composition of claim 66, wherein the excipient is selected from the group

consisting of diffusion barriers, enzyme inhibitors, competitive substrates, masking

entities, and combinations thereof.
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76.  The composition of claim.75, wherein the excipient is selected from the group

consisting of polysaccharides, lipids, and combinations thereof.

77.  The composition of claim 75, wherein the excipient is a lipid/polysaccharide

combination,

78.  The composition of claim 77, wherein the lipid is phosphatidylcholine and the

starch is amylose resistant starch.

79. The composition of claim 66, wherein osteoinductivity is measured in an athymic
rat hindmuscle or the paravertebral space of a rabbit after at least 7 days following

implantation.

80. The composition of claim 79, wherein osteoinductivity is measured after at least

14 days following implantation.

81.  The composition of claim 79, wherein osteoinductivity is measured after at least

21 days following implantation.

82.  The composition of claim 79, wherein osteoinductivity is measured after at least

28 days following implantation.

83. The composition of claim 79, wherein osteoinductivity is measured after at least

40 days following implantation.
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84.  The composition of claim 79, wherein osteoinductivity is measured after at least

60 days following implantation.

85.  The composition of claim 22, wherein the stabilizing agent is a tertiary structure

disrupting agent.

86.  The composition of claim 85, wherein the tertiary disrupting agent is selected

from the group consisting of alkylating agents and sulfhydryl modifying agents.

87.  The composition of claim 85, wherein the tertiary disrupting agent is selected
from the group consisting of guanidine hydrochloride, dithiothreitol, iodoacetic acid,
methyl iodide, and alkyl iodide.

88. A method of preparing a demineralized bone matrix composition, the method
comprising steps of:

providing DBM,

providing a stabilizing agent; and

contacting the DBM with stabilizing agent to form a more stable DBM

composition in vivo.

89.  The method of claim 88, wherein the step of providing DBM comprises treating
the DBM with a protease inhibitor.

90. A drug delivery device comprising:
demineralized bone matrix;
a bioactive agent to be delivered adsorbed onto the matrix; and

a stabilizing agent.

91.  The drug delivery device of claim 90, wherein the bioactive agent is an

osteoinductive factor.
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92.  The drug delivery device of claim 90, wherein the bioactive agent is selected from

the group consisting of bone morphogenetic protein, TGF-B, and IGF.

93.  The drug delivery device of claim 90, wherein the bioactive agent is bone

morphogenetic protein.

94.  The drug delivery device of claim 90, wherein the bioactive agent is covalently

attached to the matrix.

95.  The drug delivery device of claim 90, wherein the bioactive agent is non-

covalently attached to the matrix.

96. The drug delivery device of claim 90, wherein the bioactive agent is selected from
the group consisting of small molecules, chemical compounds, cells, polynucleotides,

proteins, peptides, drugs, and viruses.

97.  The drug delivery-device of claim 90, wherein the bioactive agent is selected from
the group consisting of antibiotics, anti-neoplastic agents, growth factors, hematopoietic

factors, wound healing factors, and nutrients.

98.  The osteoinductive composition for implantation at a bone defect site which
comprises osteoinductive demineralized bone matrix in a carrier of hydrated
polysaccharide, the type and quantity of polysaccharide present in the carrier being
sufficient, upon hydration, of importing flowability to the composition and providing an

osteoinductive activity of at least 1 as measured by the athymic rat model assay.

99.  The osteoinductive composition of claim 98, wherein the

polysaccharide is selected from the group consisting of starch and cellulose.

100.  The osteoinductive composition of claim 98, wherein the starch is
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selected from the group consisting of corn starch, wheat starch, potato starch, rice starch,

and combinations thereof.

101.  The osteoinductive composition of claim 98, wherein the cellulose is methyl

cellulose at a level of from about 0.5% to about <3.0% by weight of the osteoinductive

composition.

102. A graft material comprising bone derived particles and starch or combination of

starches.

103. A graft material comprising calcium phosphate particles, starch or combination of

starches, and a biologically active factor.

104. A composition comprising demineralized bone matrix (DBM) and a stabilizing

agent, wherein the stabilizing agent extends the half-life of the DBM activity in vivo.

105. A composition comprising DBM and an excipient, wherein the excipient slows

the release rate or extends osteoinductivity lifetime of the DBM.
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