18 JUN 1006 WO 03/052091 PCTI US02141114 GROMH FACTOR MODI FI ED PROTEI N :
MATRI CES FOR TI SSUE ENG NEERING Fi el d of the Invention Thejgnygnjgon rel ates
to fusion proteins or peptides which contain 5 PTH and an am no acid
sequence that allows for binding interactions to matrices and to the use of
fusi-an proteins or peptides in tissue repair and regeneration, and in the
contr.ol | edwoesssawe of PTH. Background of the | nvent ponudéasaishyr oi d hor none
(PTH) is an 84 amino acid peptide that is nade 10 and secreted by the

parat hyroid gland. This hornone plays a primary role in controlling serum
cal cium | evel s t hr ougfROWTHE Ql‘d% Q es, including bone.

Studi es in human wi t h MATRIGES BQi FASSHE ENGINEERING denpnst rat ed an anabol i ¢

ef fect on bone, what nakes thg¢a bfthEmeaitong for treatnent of osteoporosis
and rel ated bone djsorders (U. S, Patent No. 15 5,6 747,456 to Chorev, et al.
and WO 00/ 10596 t GRSERYenfion Tplgtesdo fysion proten or peptides WHFL SR Mo npne acts on cel | s
by bi ndi ng t °TH @d lah arsineG fcidequee@diat Mows o biading weeptias ol S known to be found
on osteobl asts,, .t ells that. are responsihl for .form ng new bone. The
N-term nal 3 an‘i’eg%dg%llha Sgg‘flﬂn%?%%pﬁ%hﬁﬁsnm os}‘lerr%%aéwﬁés 20 been reported to
be bi ol ogi calregenesafionyaadl éxthe coptralledrefegselof PEAgt h hornone. PTH 1-34 and its
node of action has been fip r i S. Patent No. 4,086,196. Since
research has been_done on ?ﬁﬂ‘%@ﬁ“ﬁ‘ﬁg%t_ tg?_ truncated versions of the
native human PTH P@&nthyroidgommope (P amBs anginpiaeid peptidp that ikmpde- 38 (see e. g. Ri xon
RH, et ali, JanBesftdiibf ee par@fioid gfind. Shis hbnole HBys4PritviGole 1994) . The mechani sm
by which PTH i nfl uences hone i i conpli.cated, which has led to

rgrrﬁlgel mgnl.s

conflicting rBETANRE SErHR cAlfHDqyEla hqugh itspotion og Xpppqua tissies  nher  of st udi es on

t he exact nedhedwniigtend. rBnalies énchumbd witesribednms dERTHkve at ed that if PTH i s
adm ni stered L& [ C I gggr . t the bone density
w | | d'ecreased.%){]?n coﬁ@r%}s{go?fpf%cwggg%g‘g%@%%gﬁ% ﬁgég?f t he sanme nol ecul e
i s adni ni st erteedtmient of osteoperosivant seidtidone disondets AS. Patkate.ty wi Il increase (see
e- 0. VO 99/ 31477 450oEhbrel]oh iYandi@Pocos o £: LAPRALS e ONt radi ction can be

expl ai ned by the nmechanismin which_ P )
parathyroid hormone acts on cells by binding to a cell surface receptor. This

receptor is known to be found on osteoblasts, the cells that are responsible

for forming new bone.
The N-terminal 34 amino acid domain of the human hormone has
20  beenreported to be biologically equivalent to the full length hormone. PTH
1-34 and its mode of action has been first reported in U.S. Patent No.
4,086,196. Since tesearch has been done on PTH 1-34 and other truncated
versions of the native human PTH form, as e.g. PTH1-25, PTH1-31 and
PTHI1-38 (see e.g. Rixon RH, et al., J Bone Miner. Res., 9 (8):1179-89
25  (Aug. 1994).
The mechanism by which PTH influences bone remodeling is
complicated, which has led to conflicting results and subsequently, a
significant number of studies on the exact mechanisms involved. It has been
demonstrated that if PTH is administered systemiically in a continuous
30  manner, that the bone density will decrease. In contrast, it has been reported
that if the same molecule is administered in pulsatile fashion, the bone
density will increase (see e.g. WO 99/31137 to Eli Lilly & Co.). This
apparent contradiction can be explained by the mechanism in which PTH
1



1 16 JUN H66 WO 03/ 052091 PCT/ US02/ 41114 nodul ates bone renopdel | i ng and
subsequently the observabl e paraneter of bone density. Wthin ture bone,
the PTH receptor has only been shown to be present on tie)JButlice of cells
of the osteoblast |ineage, but not on osteoclasts. The role that PTH pl ays
in bone renodelling is directed through 5 the osteobl asts as opposed to the
ost eocl ast syo gslgwyer, the cells at different stages wikfR9st eobl ast

| i neage respond differently when they bind to PTH  Therefore, the dramatic
di fferences that are observed when the PTH is adm nistered using .different
met hods can bmoduiates berteareinddellingpgnd swhsespentls thdiohgrvablp paraindidr ef ent ef f ect s t hat

the same nol egyil grngﬁs }Qﬂuiﬁ hendl gpﬁf JAR oY 1Qaihe osteobl ast
| i neage. When PTH bi'nds to anelgteﬁr?g[&yna l%gé l‘e?%h%ﬁgw,bg?nﬁe cet | is induced to
di f f er ent i at ebq mgsent an pe egfrceefisells of the qutaghlast hyeage AWMt WTH t 0 t he system there

is an incr eaS@stéoﬂa&J?%@fo@élﬁﬁtWﬁ'pﬁ?éinB@ﬁ%nﬂidé]ﬁﬁgisHi?éeﬁ-ﬁﬁ[rou hese preost eobl ast
cells have the PTH receptor as well, and_the subsequent binding of the PTH

15 to t he ¥ ecBpeBiebsss tioarisediatheostpaslasts Hoyvegerdhg qells gidifepms ponse. When PTH
bi nds to thestgeesiheatablagt linehde réspoild differently Wi 1@ pid & FTHL Onsequences t hat

| ead to bone esorptipn. First it inhibit he, f her differentiation of
t he preosteobpfﬁeﬁ%re’%i'en WaggplggﬁP%%%?.m h%egﬁ%%?"[th?ﬂﬁgases the secretion of
I nterluekin Gadnitistépd usingaiifferdnemgthalo sinde bcasted forlby ubdemnding nhi bi t s

preost eobl ast thg'diﬂfex%ﬁtee@eﬂh&%&ﬁm@ﬂ%ﬁ?ﬁlﬁhﬁtﬁﬂﬁﬁ&&ﬁ@&s%ﬁﬂﬁ eocl ast

differentiation 1nto osteoclasts. response fromthe cells within
t he ost eoHl asthepsigpblagidingage.nhat provi des the conpl ex reacti on between bone
renodel | ing and PThegPrAtiidto alnhesdpiiymabstenti@8 86k ff1id iRdlicgabl y for short
periods of ti i

e, then the nesenchymal. stemcells are induced to
differentiate W&%BW&WSE“T%‘@“’?HG‘&T“@%tﬁ&“’ﬁ&?“?"b%’et hen 25 prevent the
new y forned fraeasicesi theprsosteoblas pipaidiicnl Bgwener, thesqpreeestldsng acti vation of
t he osteocl as %ﬁPm%{eW gu Lwen]g’ t eéu@gegﬂeﬁftliﬁdiffof%%%g’ these newy

obl as ?H]i er a th

formed preoste ts can r rtTerentrate 1mo osSteoblasts, resulting
i n bone fb¥ mato thareceplonenthese cqlls leadsdomdifierent regponee. Whep PAHibindaippl i ed, then the

preost eobl ast § i Arbostaghifet itBEuBAR Aol stiftafelohsBqiRf@s MatlbAW &9 1L-6, 30 thus
activating the osteoc| asts .and inhibitin t%emsel ves, Jeading to the

opposi te ef f e BTG Birgtdbighips thfurthr differennation of the preosteoblasts
into osteoblasts. Second, it increases the secretion of Interluekin 6 (IL-6)

from the preosteoblasts. IL-6 both inhibits preostecblast differentation as
20 well as increases preosteoclast differentiation into osteoclasts. This dual
response from the cells within the osteoblast lineage is what provides the

complex reaction between bone remodelling and PTH exposure. If PTH is
dosed periodically for short periods of time, then tﬁe mesenchymal stem cells
are induced to differentiate into osteoblasts. The short dosing periods then

25  prevent the newly formed preosteoblasts from producing IL-6, preventing
activation of the osteoclasts. Therefore, during the intervals of dosing, these
newly formed preosteoblasts can further differentiate into osteoblasts,
resulting in bone formation. However, if a constant dose of PTH is applied,
then the preosteoblasts will have the opportunity to begin producing IL-6,

30  thus activating the osteoclasts and inhibiting themselves, leading to the
opposite effect: bone resorption.



18 JUN 2006 WO 03/052091 PCT/ US02/ 41114 For tissue repair or regeneration,
cells nust mgrate into a wound bed, proliferate, express matrix conponents
or formextracellular matrix, and forma final tissue shape. Multiple cell
popul ati ons nmust often participate in this nor phogew:t g@ 2wﬁsponse,
frequently including vascular and nerve cells. 5 Mat d ve been
demnstrat‘g?o;ngmg{ eatly enhance, and in some cases hg¥gyshfignl found to be
essential, for this to occur. Approaches have been nade I n devel oping
matrices fromnatural or synthetic origins or a m xture of both Natural

cell in-growt h nardritissasrepdicorsepettion, icellshaiasighte o Hwodal | ul ar i nfl uences,
all based on protealysis, e.qg.. b lasm n (degradjng f.ibrin) and 10 matri x
net al | opr ot eib%gfspé@%( e pﬁ"&f'ﬁg‘“ﬁéﬁ?‘%@%‘%“-ME&%F@“J@{@?T’F&%‘tch degradation is
hi ghl y | ocal i fewda fmbtiseechape. Mioltiple gglbpvpulaticechust oftenpedicipate tn t he i grati ng
cell. In addidi de) | 1 | | sI {ng proteins such as
grow h factorték?lgmﬁ%ﬁmg%éoég{iﬁ%@%ﬁ%hg”na lﬁlrldzl}lewr%%}%as[, macr opor ous cel |

i n- gr owt h SatYatrees haye beep gemansiaaied th greatly gnltinde, av in sopoceseshavel 5 mat ri ces t hat

the cells canege@i@dSne dsihdd, i RDH LRPNASHRIIRREhavE BechMac@! | s mgrate into
the matrix. Due to concerns regardi ng i nmunogenicity, expensive production,

limted avai |%Byonmeymatrises fom gatyral opsypihetic oxgigs Famixref P matri ces based on
synt heti c pr edduirsl @€l iflghod@hinstfices S1d Glibjedbto Mentbdéling By cqialay et hyl enegl ycol , have
been devel oped.for tjissue regeneration in.and/ oy . 20 .the body. While mnmuch
wor k has beenm%lfﬁcéas’gjtlﬁﬁfl‘ﬁ?gm Ogysésyes%gﬁ?lamﬁ? 8%?‘@“284%“%1‘?{ research has not
expl or ed 10oc ahatay metdlvproinases (degraditg @ilagem eloftin¥). Saeh PTH has a direct
anabolic eff 1 085 obLASE of | REEE St chitact BMLE have a strong
pot enti al toeﬁggﬁﬁgolnegglz;ogcts iﬁr(li_oa iof]ilyélﬁ to _|tﬁ .%eﬁ@?ng bone density 25 if
present ed apprigfFtngcelt| Ip addition, the deliyery e gpecificegll signeling prpfeingief ect has been
filled with phuedsiRM B&ISis tohtly Bt HinthORkal hdad,ur ned of f, the newy
formed preosteoblasts can then different l ﬁltlte i nt 0 ost eobl asts and begin

converting t HEETREGE PR wegrowth matrices arejio BOIFE ™I and then into a
mat ure base mitrices thatities cellbah tHegrasle, ldvellyednd mon demold) sa dlie celfs t he present

invention to ﬂﬁg&giﬂgmgyé@xp]ﬁemf e%g%ﬁ&moég%gi% to a mtrix for tissue

repair, regeneration, reno
expensive production, limited availability, batch variability and purification,

matrices based on synthetic precursor molecules, such as modified
polyethylenegiycol, have been developed for tissue regeneration in and/or on

20  the body.

While much work has been done studying the systemic effects of

PTH, research has not explored local or topical administration of PTH. As
PTH has a direct anabolic effect on the osteoblast cell lineage, it should have
a strong potential to heal bone defects in addition to influencing bone density

25  if presented appropriately within a defect site. Once the defect has been
filled with preosteoblasts, if the PTH signal is tumed off, the newly formed
preosteoblasts can then differentiate into osteoblasts and begin converting the
wound bed, first into woven bore tissue and then into a mature bone
structure.

30 It is therefore an object of the present invention to provide PTH in a
form that can be bound to a matrix for tissue repair, regeneration, and
remodeling.



18 JUN 2006 WD 03/052091 PCTNS02/41114 1t is a further object to present a
PTH in a formsuitable for topical or |ocal admnistration to a patient to
heal bone defects. Summary of the Invention Fusion peptides which contain a
par at hyroi d hornone (PTH) in one 5 donmain and a subqgr%e ﬁiﬁ;rrai n capabl e of
bei ng covalently crosslinked to a matrix in another do i%g nd matrices and
ki t s whi CRvdRRLa,n such fusion proteins or peptidesydhReflifg! 0sed herein.
Fusion proteins covalently bind to natural or synthetic nmaterials to form
matrices, which may be used to heal bone defects. Optionally, all of the
conponents for f OItts afgrthiehebjevedo hredentd BTH 3 a7 suitgbld for tapikedae def ect and t he
matrix is forne L .the site of icati.on. The fusion peptide can be

i ncor por at ed lf%F%ﬂanﬁsemrgr% ?ﬁ?ﬂugﬁ&aﬁ)%bé’fwéﬁfc er the fusion peptide as a whole
or just the respective PTH Sogmeryoftlefintentiof i r St domain is rel eased by

degradation of th i gﬂgg@ i jc action. Also the
fusion peptide cagmﬁk’%%t?&ﬁs‘gmgggra agﬁflﬁ{ﬁg %gn%%gg%ﬁ%n the first and the
second dofmi riopRigend pibeTaieglomsia eappRle picbeing covalgntlyirrasslinkedteavage sites. In

particul ar t hearfixisiafdind? @Rthditheid SaRical 808 kil WidhRontBR ucH @@L N, @ substrate
dormai n capabl e of bei n% Coe\slcﬁl ently crosslinked to.a matrix in a second

domai n, and PrHEEURRIIBTFETLYLIERBe Fusgneratspscevalaty PRt second domai n.
Preferably, tiaerdPéityhthetiduiiferialPtbHormahdthces) Ghick iy be @8d B3@et her sources, such
as bovine PT e itable.. The PTH can_.be. PTH 1-84 (native), PTH 1-38,
FI'H 1-34, P ng?%ec%; Oéﬁmﬁ%ﬁal%fﬁmgpmﬁ?ffl%r%’owghg aé’f”f'fl lelic versions of
Ff 11 exhil§i t i apgliqdritepbone defect ard the matriie forhest atrthe isiterpf agplipdtibmr t o t he f or egoi ng.

The degradat i A2 sNidnSeftldt Oiifbe ildGipb Bt Einffthe LRl MEK YatleRhPBeVaried at different
| ocations within the matrix depending on 25 cellular activity at that

| ocati on and/gFionpeptidess g holeeriyst the respeative PAH spquereR ef the &1t | el ude t he | ower
total drug dogomnaidi§Rietsell BRdegRldtisEoHtheSnaHie By eaplateRadbal regul ation of

the time of gramileos R B RaioR phesyon oyadts dEBPIBIAR of < e b awi ngs 30
FI GURE 1 1i5s abekwagmthe Sicseadighechatoad damain that contitshydralticodr pl asr ni n- degr aded
D oot o i B S RSORS00,
4 one domain, a substrate domain capable of being covalently crosslinked to a
mattix in a second domain, and a degradation site between the first and the
second domain. Preferably, the PTH is human PTH, although PTH from
20  other sources, such as bovine PTH, may be suitable. The PTH can be PTH
1-84 (native), PTH 1-38, PTH 1-34, PTH 1-31, or PTH 1-25, or any
modified or allelic versions of PTH exhibiting properties, i.e. bone
formation, similar to the foregoing. The degradation site allows the rate of
delivery to be varied at different locations within the matrix depending on
25  cellular activity at that location and/or within the matrix. Additional benefits
include the lower total drug dose within the delivery system, and spatial
regulation of release which permits a greater percentage of the drug to be
released at the time of greatest cellular activity.

Brief Description of the Drawings
30 FIGURE 1 is a fluorescence detection chromatogram of plasmin-
degraded peptide-containing fibrin gels and free peptide. Size exclusion
chromatography of a degraded fibrin gel with the 0PI} 7-ATI 21134 peptide

4



18 JUN 2006 WD 03/052091 PCTI USO2/ 41114 incorporated ( - ), with the sane
peptide free added to the degraded fibrin gel containing incorporated
peptide ("' ), and free peptide alone (- -), are shown. The N-term nal
| euci ne residue was dansyl ated (abbreviated dL). The free peptide eluted at
| onger tines, corresponding to a | ower nol ecul ar wei@HUN 2806t han did the
pepti-de incorporated into the fibrin gel during coagulation, denonstrating
coval-ent aWOa¥WMeNnt to degraded fibrin and thus covaPereso24im@or porati on via
the action of factor Xllla activity. FIGURE 2 is a graph of the incorporation
of dLNQEQVSPLRGD QIDNO 1) in fipbrin gels w.th, exogenous Factor XlII
added.. When 108" E[)M@Igéﬁﬁ%?@?%%?@%éw&%#ﬁwwnaﬁ on increased such
t hat nore t halont@ibing idrpg@epd peflederto), afid fbscipatidedloeqiH) drdstowc hi eved. FIGURE 3 i s
a graph of t hACOL: tion.of the bi | n_.pept.i.d dLNQEQVSPLRGD (SEQ I D
NO 1) into Bﬁﬁ%’%@%ﬂeﬁ%I%Slg%wéaﬂﬂiaggﬁé%%‘%% E-Pet%eev\ere tested and in
each case a nephleleluted bt loriger tivarsqouespdniding toed owvel mbleciier wrlighbr ved, reachi ng 25 nol
peptide/ mgl fq4.hrg tide TS riofiE SI kbR ke Hurin s peptide required for
U peBce rpﬁl 5 nMv rkeposs%e%’% 58&

maxi mal i ncorporation was at | east ue to diffusion

linmitations viemRRsHatingsovelegtattychment sedegradadifibrinendthus covalent i s created. The | evel
of i ncor por atih@fpokiaén HLthY acidh 8f fad@ Xla adtidily. €ach kit providing a simlar

i ncorporation profj 0 Detailed Descripti nvention Products and
met hods for hard 4@%?@5*5?4#%@8&9&?%%@98&% ing, in particular
for bone growshQ IDSIONY) ifa fitifirbgelsarith esopaidaeFdctor XITbddded eWhendvi Nng PTH rel easabl y
i ncor por at.ed rei I £ b er.el'nH T at ug.al trices are

bi ocorrpatq{obl eﬁ)gn%ﬁﬁ:gdodgggﬂ%e{%gﬁ%éﬂcg 1%:l)éllrllm e (s)‘%cpre%]&prﬁgelihﬁn\zlglr?ro or in vivo, at
the tinme of imelipepideimplibringEEpicanidbelachidveror porated into the matrices and

retain its full brRARH Vi b ¥rapdfitheGRBrpBatidn&Ir 8R $RIBIYin pbgt@QT POT at ed, using
t echni ques t hat qorovi de contr how_and. when an to what degree the PTH

Q ol _over [ and_ w

i s rel eased, YOQHASPLREDRRQ IBNQLH ingundluted fbgip efup-sTyee  repair directly or
indirectly, uUspdidde kil veitRésted ¥indis eqth CROE high le@d of itdopsatiov edaidcl e. 30 Definitions
"Bionaterial ", as general.l sed herein.refers.to a eri;al intended to
i nterface wit %fegT o] ?agéi?gl?éyﬁ‘ggﬁpgg?/%d %ﬁ'zhef?n%%{i%fanent, or replace any
ti ssue, or garexogenbuspertidorequted fdy maimelyinaeportich way ableast himMaat eri al ei t her

possibly due to diffusion limitations within the highly dense fibrin matrix

that is created. The level of incorporation was very consistent, with each kit

providing a similar incorporation profile.
20 Detailed Description of the Invention
Products and methods for hard tissue repair, regeneration or
remodeling, in particular for bone growth, using natural and synthetic
matrices having PTH releasably incorporated thereiﬁ, are described herein.
The natural matrices are biocompatible and biodegradable and can be formed
25  invitro or in vivo, at the time of implantation. PTH can be incorporated into
the matrices and retain its full bioactivity. PTH can be reléasably
incorporated, using techniques that provide control over how and when and
to what degree the PTH is released, so that the matrix can be used for tissue
repair directly or indirectly, using the matrix as a controlled release vehicle.
30 Definifions
“Biomaterial” as generally used herein refers to a material intended to
interface with biological systems to evaluate, treat, augment, or replace any

tissue, organ or function of the body depending on the material either
. o 5



5 16 JUN 2006 WO 03/052091 PCT/1TS02/ 41114 permanently or tenporarily. The
ternms "biomaterial" and "matrix" are used synonynously herein and nean a
crosslinked polyneric network which, depending of the nature of the matrix,
can be swollen with water but not dissolved in watet® JUNGISf orm a hydrogel
whi ch stays in the body for a certain 5 period of tinme fulfilling certain
suppert functions for traumati zed or defect hard tissue. "PTH fusion
pepti-de" awog¥#eul |y used herein refers to a pepti dECTH#RENI4cONt ai ns at

| east a first and a second domain. One domain contains a PTH (native or

truncated forns, in, particular. PTH 1-.34) and the other 1Q domai n contains a
substrate dorsiAFs obéPﬂﬂmg?"oﬂg%eltfrﬁ‘ﬁébW‘%"B‘mgl ﬁ%f{]ﬁaﬁ".x AR "%Enzymatic or
hydrol yti ¢ degnegmbishrhesintapd cem salrasginkei polymeiretvneit whiehy t he first and the
second donai ny %ﬁg@eﬁmw soeg‘gag{la,{d%%ﬂg&%gm@er einrefers to a

R e of donati ng ec

mol ecul e  whi ch I's capabl ] an e ron parr to an electrophile in
a pol ar- 15 bdsselvedip e i.¢- éarmtaihydrogePyhithestayd inythe tody for 2 eamiginnucl eophile is nore
nucl eophi Isi ¢ foRadofilc@Hlifkhg QAN isRlpS0 iifctidhb folARRAS o Qfefest  ONG NUCI eophi | es

are thiols and ‘gm nes. "Conjugated unsaturated bond" as generally used herein
refers to theP™S¥$%r nati on of carbon-carbon, carbon- het er oat om or
het er oat om het er o&PTHfusidOpeptide? bPgeferilyiited hedeinefers RO Rpilands, or the |inking of

a functional .Qup 1o cronmol ecul e, .such as.a synthetic polyner or a

pr ot ei n. Suchg%%h%ggﬁ%leq‘%ﬁ&’gﬁt a560PY famy é%&fi? ‘f‘mE&ﬁj ugat ed unsat ur at ed
group” as genEFia(datvewseahciiel fomm, n@hrbeudar PBH 4-34) el dpwther or a region of a

Mol ecul €1 0T iU} Blkaf\cbiEHR Rk b, s RO RakR. AR PON,

car bon- het eroat om or het er oat om het er oat om nul t s with single bonds,
whi ch has a nemymssicer hydrelytigaeeeadation sita nenl alpos pereet betwesn thedis®t | ons. Exanpl es of
conj ugat ed ung@tkesadoRfdddagips i ncl ude, but are not limted to vinyl

sul fones, acryl ates, acrylam des, i nones,. and . vinyl pyridiniuns, for
exanmple, 2- or 4- v?%ﬂﬁ?gﬁ#ﬁqrﬁe yi“’feagﬁﬁﬁfeg‘g?méén&{%@gt hetic precursor
_rml ecul es” aswljelnisb@hlblyoﬂdsmﬁp@armcﬂoﬂpirmmelectrophilﬂ irapblas Whi ch do not exi st
I n nature.s " Nab Wiy rQGRH" BleRMbR RIS Hc&pRRANGEES OF polynmers® as

general ly
nucleophilic than water at physiologic pH. Examples of strong nucleophiles

are thiols and amines.
“Conjugated unsaturated bond™ as generally used herein refers to the
alternation of carbon-carbon, carbon-heteroatom or heteroatom-heteroatom
20  multiple bonds with single bonds, or the linking of a functional group to a
macromolecule, such as a synthetic polymer or a protein. Such bonds can
undergo addition reactions.
“Conjugated unsaturated group” as genera.ll& used herein refers to a
molecule or a region of a molecule, which contains an alternation of carbon-
25  carbon, carbon-heteroatom or heteroatom-heteroatomn multiple bonds with
single bonds, which has a multiple bond which can undergo addition
reactions. Examples of conjugated unsaturated groups include, but are not
limited to vinyl sulfones, acrylates, acrylamides, quinones, and
vinylpyridiniums, for example, 2- or 4-vinylpyridinium and itaconates.
30 “Synthetic precursor molecules® as generally used herein refers to
molecules which do not exist in nature.
“Naturally occurring precursor components or polymers” as generally

used herein refers to molecules which could be found in nature.
6



used herein refers to nol ecul es which could be found in nature. 6 10 JUN 2006
WO 0 3105 2 0 91 PCTIUS02141114 "Functionalize" as generally used herein
refers to nodifying a nolecule in a nmanner that results in the attachnent of
a functional group or noiety. For exanple, a nolecule rcﬁa?/@b@niuncti onal i zed
by the introduction of a nolecul e which makes the rmlé trong
nucl’eophil e or a 5 conjugated unsaturation. Preferably a nolecule, for
exanpl e PE®PO¥209F unctional i zed to becone a thiol, aRfHES/EEHy| ate, or
gui none. Proteins, in particular, may also be effectively functionalized by
partial or conpletg - reduction o dl&ﬁlérém de bond to create free thiols.
"Functionality" as genera Iyguse &7 AR 5T &o %fe nunber of 10 reactive
sites on a nomdemﬂeénamﬁmmtmdtsm@wmmtdim&mﬁdnd@qmpmts" as generally
used herein g&HET forlaniptea MY m fbeﬁ[nh &Em&g F.Qpone point in the

ac i

nol ecul e. "AdheSion site or ce tt si'te" as generally used herein

refers to a p@ﬁt@%ﬂgyhﬁbﬁe@s%WFWﬁf%m%bmhdewﬂor exanpl e, an adhesi on 15

pronot i ng s ecap gitems&lh&oﬁwr%ﬁaayefnoﬁca@lfdr,exﬁipmtm fxanpl es of adhesion
sites include ut _are ot I!ém Led to, the RG seg@ence fromfibronectin, and

the Yl GSR (SE@W? come ROk amE R IatR IR PRISRS Y adhesion sites are
i ncor por at ed pufﬁonlathﬁyhimﬁmaﬂéduwﬂ&fubguonmﬂédh?lpmgal&rsmﬁﬁtd ate domain

crosslinkable | activity" as generally used herein
refers to funC |ona+%sg]!9éé OHQStog‘feaaffg%t%é ‘a protein of interest. In sone

enbodi ment s, thi s “Fetianelety” asgeneniisusedbragienferio theawlrer ofg t he i nteractions of a

pol ypeptigde WehdtvahiQl Hedmoialeypeptide. It also includes assaying the effect
which the protein of interest has on cell growh, differentiation, death,

m gration, adhesi ofimeiioRality afths bospehingpojjey’igs Eﬁlﬁéu)”ﬁ?"otteﬁ%s enzymatic activity,
protein phospﬁﬁaisytb&ieb@ﬁbe@bfarﬂ@d&hﬁ&ﬁmnybﬁtpbﬁﬂnmermﬂé| ption, or translation.

"Sensitive biol ogi, .nol.ecul " neys, aI sed her.ei refers to a

nol ecul e that is f%@}?ﬂ?wegr‘i:egﬁufﬁ%%??"ﬁ -y 5@ Iﬂﬁ\’/ﬁ‘l" “tan be used as a

t her apeutic ftorapepudebdqumpeta“bwymowula;fnrmpmemon-h other nolecules inits

30 prese & S, i nclude, but are not
nGe. o tg@%@&qﬂ& %%L&M&a%@ bRl C%Lmﬁgénog&gir i

limted to, proteins, nuclei'c aci Bi omaterials can be
sites include, but are not limited to, the RGD sequence from fibronectin, and
the YIGSR (SEQ ID NO:2) sequence from laminin, Preferably adhesion
sites are incorporated into the biomaterial by including a substrate domain
crosslinkable to a matrix.

20 “Biological activity” as generally used herein refers to functional

events mediated by a protein of interest. In some embodiments, this includes
events assayed by measuring the interactions of a polypeptide with another
polypeptide. It also includes assaying the effect which the protein of interest
has on cell growth, differentiation, death, migration, adhesion, interactions

25  with other proteins, enzymatic activity, protein phosphorylation or
dephosphorylation, transcription, or translation.

“Sensitive biological molecule” as generally used herein refersto a
molecule that is found in a ¢ell, or in a body, or which can be used asa
therapeutic for a cell or a body, which may react with other molecules in its

30  presence. Examples of sensitive biological molecules include, but are not
limited to, peptides, proteins, nucleic acids, and drugs. Biomaterials can be
made in the presence of sensitive biological materials, without adversely

affecting the sensitive biological materials.
7



made in the presence of sensitive biological materials, w thout adversely
affecting the sensitive biological materials. 7 1$ JUN 2006 WO 0310 5 2 0 91
PCT/ 13502/ 41114 "Regenerate" as generally used herein ngajuf 1o gr ow back a
portion or all of sonething, such as hard tissue, in particular bone.
"MuLtifunctional" as generally used herein refers to nore than one

el ectrophi b G3RR6, /or nucl eophilic functional group p("elrmsgmlﬁgul e (i.e. 5
nononer, ol I go-and polyner). "Self selective reaction” as generally used
herei-n neans that the first precursor conmponent of a conposition reacts

much faster w th tHegersRf0 BbendHiBGsddherkinGRERAN B0 badk dgaRicg ONPOSi tion and vice
versa than with, ot her, ., conpounds . present, in_a mxture or at the site of the
reaction. As ‘ﬁg‘éﬁf[s @Fﬁ,s'ﬁ‘ﬁsgﬁﬁ‘gt%‘ffcﬁné’ﬁrﬂﬂilﬁ@mﬁr eferentially binds to a

el ectrophi |l e and ‘@vultfusaionadpesigkrerallp ned heredimtefedd tb ynokd thahoné 0 a strong

nucl eophi l e, Ja_ﬁuhglrmgm;;rme?op%g@?ug?&o _ogg)lugg%rmo?egglgﬁ%-nds. "Cross-linkin" as

general ly use rel n nmeans nat i-on covalent |inkages. However, it
may al so Pef eponoyen ¢ligoand paltniedn of non 15 coval ent |inkages, such as ionic

bonds, or conbi natdefdecile CRYM GO benBifl BE VerePHEEREt thd fr@ges. " Pol yneri ¢
net wor k" as general I% used herein_neans the product of a process in which

subst ant i al | yPrefpOrSpmpqRent ob s eomppitiongeapty guchfaster gyith thersecond ¢ pound by

i nt er nol ecul agrecaBdrabBfdnedtioftha fdpokitidnRu@bicd il thamwath bl € functional 20
groups to result in one huge. nolecule. " sialogjcal’ as generally used
her ei n neans ?§Wﬁ%ﬁ§nt£§g?ﬁ?§e°r éh”bt@ftg%ﬁ‘%f’?i ‘ﬁ‘{??d *fertebrates. In
particul &0, phegiclebrhgé preferegiinlisl biniixin g elestwplgle apdantelrstrgpbileli ti ons in the human
body such as %r&ﬁ@xﬂi’a@;tﬁiﬁ&'to Qﬂonfﬁu%leoz%hﬁgm&{hglgfo%@erf)i@lgggeﬁatures means In

particular a tenperature range o etween 35C to 42C, preferably around
37C. "Crossl iRpeRedsi ty" as general ly used herein refers to the average

mél ecul i’ir wei ght hﬁ%mmgm gﬁ’eﬁﬁﬁhﬂeﬂiﬁiﬁﬁ%&n@ﬁm?&iﬁaﬁcﬁ%ﬂem: vef m):c ecul es. |
"Equi val ent wei ..as _genera use erein refers to mol o uncti ona

group/ g of su‘ﬁﬁ?ﬁw%@eﬁﬂﬁ"%”#ﬁﬁ s g’g‘@ﬁ’@?%ff"PV 8% herein refers to the
i Nncrease 1isn veélvalenelinkages, such as ionic bonds, or combinations of covalent and non-

covalent likages.
“Polymeric network™ as generally used herein means the product of a

process in which substantially all of the monomers, oligo- or polymers are
bound by intermolecular covalent linkages through their available functional
20 groups to result in one huge molecule.

“Physiological” as generally used herein means conditions as they
can be found in ﬁvfng vertebrates. In particular, physiological conditions
refer to the conditions in the human body such as temperature, pH, eic.
Physiological temperatures means in particular a temperature range of |

25  between 35°C to 42°C, preferably around 37°C.

“Crosslink density” as generally used herein refers to the average
molecular weight between two crosslinks (M,) of the respective molecules.

“Equivalent weight” as generally used herein refers to mmol of
functional group/g of substance.

30 “Swelling” as generally used herein refers to the increase in volume
and mass by uptake of water by the biomaterial. The terms” water-uptake”
and “swelling” are used synonymously throughout this application.

“Equilibrium state” as generally used herein as the state in which a
8



and mass by uptake of water by the biomaterial. The terns" water-uptake" and
"swel ling" are used synonynously throughout this application. "Equilibrium
state" as generally used herein as the state in which a 8 18 JUN 2006 WO O
310 5 2 0 91 PCTJUS02/ 41114 hydrogel undergoes no magg UNCHgase or | oss when
stored under constant conditions in water. L Matrices and HA Mtrix
Materials 5 The matrix is formed by crosslinking ionically, covalently, or by
conbi nat i OWS0X¥RWPleof precursor nol ecules to a pol ymeRGTUSR1dr K or by

swel ling one or nore polyneric materials, i.e. matrices, to forma polyneric
net wor k havi sufficient inter i 0 aIIowfor i ngrowth or
mgration i n'g%dﬁ"’ *‘é“ﬁﬁ&f@f%é‘fﬂ“&%ﬁ%‘%ﬁswﬁﬁ% Eggw'{%?ﬂnﬂﬁ“ﬁt the matrix is fornmed
of proteins, qondifiensabkager. proteins naturally present in the patient into which
the matrix isgto aicel R d- A particularly preferred matrix protein is
fibrin, altholgh macr! ces made from ot her proteins, such as collagen and

gel ati'n can al so Be MarxMagdriabacchari des and gl ycoproteins may al so be used
to formthe 15 Mathd fatrid s fdrRediytrosRREH %g}]ﬁﬂ%ocoyaﬁ&lﬂiyogwmtl c polyners which

are crosslinkable _by ionic or “coval en brim matrices Fibrinis a
natural nat er{s m&?ﬂ“&ﬂ“ﬁ%@’“’ﬁ@%‘ﬁ molepigsitegpqlygperig é‘?ﬂé‘?f& erbihi onedi cal

appl i cati ons. sweilip bit of BSrelpeReritbAdrialREE. ﬁﬁn&@,&@fohﬁhp«flfﬂﬁe&e' | 20 ingrowh
i i 422 to bel.| Fibrin gels have

matrices in U t ent
been used as ?gaqrﬁﬁﬁv?gﬁ‘ﬁoffégt%fm?‘f‘?%w % °‘P'8°rb”| d"'alf?f many tissues and its
nat ural rol e migrationingh theewdiixg cellSone speci fic applications include use as a

seal ant f1 r vascukd'at; %Egdg%%{%‘g%%gﬁﬁtrf%%g??{p%oé‘ elf MAl Ve S,achment, bone

positioning in fracture H., Journal of . 25
Bi omaterial s W?@&Fﬂ’dwsm?mmg@ﬂm@l@%ﬂemmwﬁbsnal ly, these gels have

been used as ﬁ{pl.{,gtegle‘kbwu}ﬁﬂ?gx\éfeﬁ-&ﬁma@{lﬁo{eﬁﬁsﬁ}jﬁg’rﬂﬂ regener ation (WIIians,
et al., Journal g)%)rggmg ve Neur b| ol (1987)) Al t hough
fibrin provi d’@%m?fs g ‘?]‘iffﬁB‘?"fe‘nFﬁW P%‘&? nd cell ingrowh,
there are femmtnmemm&sm@mmm&hmmmw&ha&@m&ect |y

15  matrix. Itis also possible to use synthetic polymers which are crosslinkable

by ionic or covalent binding.
Fibrin matrices
Fibrin is a natural material which has been reported for several
biomedical applications. Fibrin has been described as material for cell
20 ingrowth matrices in U.S. Patent No. 6,331,422 to Hubbell ef al. Fibrin gels
have been used as sealants because of its ability to bind to many tissues and
its natural role in wound healing. Some specific applications include use as a
sealant for vascular graft attachment, heart valve attachment, bone
positioning in fractures and tendon repair (Sierra, D.H., Jowrnal of .
25 Biomaterials Applications, 7:309-352 (1993)). Additionally, these gels have
been used as drug delivery devices, and for neuronal regeneration (Williamns,
et al., Journal of Comparative Neurobiology, 264:284-290 (1987)).
Although fibrin provides a solid support for tissue regeneration and cell
ingrowth, there are few active sequences in the monomer that directly
30  enhance these processes.
The process by which fibrinogen is polymerized into fibrin has also
been characterized. Initially, a protease cleaves the dimeric fibrinogen



30 enhance these processes. The process by which fibrinogen is polynerized
into fibrin has also been characterized. Initially, a protease cleaves the
dinmeric fibrinogen 9 10 JUN 2006 WO 0 310 5 20 91 PCTN502141114 nol ecul e at
the two symmetric sites. There are several possible proteases than can

cl eave fibrinogen, including thrombin, reptilase, and protease H, and each
one_severs the protein at a different site (Francis, lét U 2005 Bl ood Cel |s,

19: 291- 307, 03390%\%% Once the fibrinogen is cleaved, apé‘l?lfv]sfnilﬂ%yneri zation 5

step occurs In i ch the fibrinogen nononers cone tog er and forma

non-coval ently crosslinked polyner gel (Sierra, 1993). This self-assenbly

happens becausfediicRtthEvoShhetrib G ® MheR ARSI piskible pREMegase cl eavage occurs.
Once they are  exposed, these binding sites in the center of the nolecule can

bind to ot herthasprdesyn fibrnoess, melpdingfirambinarpidase, apd prpteate Bl pr esent 10 atthe ends
of the pepti d@dedtBiit vesShe piotkin al a diffRenBliR Cebiss brlay, BidMatdenif-r eeman & Conpany,

NY, 1975). In thi r. a ner .network i ormed. Factor Xllla, a

t ransgl ut am ﬂla?s%iggﬁ%fe%mfﬂ%% é?“d?csﬂvf‘{’aﬁ RNPSHERE  proteol ysis, may

t hen covalsentdtep ocouosis iwhick the fibrigpeémymmnpmere tonterthgethel dnd formtar ansgl. ut am nases exi st
and may al so I I: S&dok N ki 3 grafting to the
fibrin netmr%g*g%gh%&gs%%gf&gﬂ%g%F%%&hﬁaan%g?%%ﬁeemg[}dt he subsequent

degr adat i on ibk#ppens baseuss/bipding fites Yeeqme egppsedpfien nnetedsegleaypgeccul es in control | i ng

tcged_degr ada][i&Burs._Qf)ncEiﬂé{rErgiip%%egﬁhzég%ﬁﬁdgﬂ%%;tkﬂ?_h@ic&%lof@ri, Ni’ E’r ogr essI i nk_

rdi ovascul ar sease ; - .19 . ,This mol ecul e acts by crosslinking
to the a 20 c’ﬂ%}F‘rElﬁe ?’P@J‘i"i"ﬂ‘efﬁ?iﬁ?&?ﬁ °g&‘?:?]:|‘6‘ﬁ“5‘fn‘3|g§é’t“’t§?mXI Ila (Sakata, et

al ., Jourimal adthe efdsiofithe peptiiesiamns (Seedr, 10 BibGen OBy, A, FrdeddN) . By attachi ng
itself to the I i concentration of inhihitor .can be |ocalized to the
gel . The inhi%gﬁgPﬂnﬁhen’ lgzs&sn‘ﬁ’?m%‘%“é‘v% ‘%]?nhegmf 3 I?%Hfler({g of plasm nogen to
fibrin (Aoki,Fastor ¥la; a trafbgluarbinase ectivisiedl fraaekastor ¥H] by, thiegbig2- 31, 1978) and

i nactivating ﬁh@&igis{lm%ﬁmgﬁg@mﬂ}%gmaml%gm Bk hi bitor contains a:
gl utam ne substrate. The  exact sequence has been identified as NQEQVSPL ( SEQ
ID NO 12), wirinselutirpigases qxist andimgy alsq hednyglved,ip coyplenberessliiking ni no acid for eras

slinking.15t @dgraf@gio tiefBisdetvatied that bi -domai n peptides, which contain a
factor Xllla substdngctfcrgs%e eﬁnagaqs f%m?ehf)t'ﬂ\é:guweguegte&%%onsgquence, can be
tightly controlled. One of the key molecules in controlling the degradation
of fibrin is a2-plasmin inhibitor (Aoki, N., Progress in Cardiovascular
Disease, 21:267-286, 1979). This molecule acts by crosslinking to the o
20  chain of fibrin through the action of Factor XIlla (Sakata, et al., Journal of
Clinical Investigation, 65:290-297, 1980). By attaching itself to the gel, a
high concentration of inhibitor can be localized to the gel. The inhibitor then
acts by preventing the binding of plasminogen to fibrin (Aoki, et al;
Thrombosis and Haemostasis, 39:22-31, 1978) and inactivating plasmin
25 (Aoki, 1979). The a2-plasmin inhibitor contains a glutamine substrate. The
exact sequence has been identified as NQEQVSPL (SEQ ID NO: 12), with -
the first glutamine being the active amino acid for crosslinking.
It has been demonstrated that bi-domain peptides, which contain a
factor X1IIa substrate sequence and a bioactive peptide sequence, can be
30  cross-linked into fibrin gels and that this bioactive peptide retains its cellular
activity in vitro (Schense, J.C., et al. (1999) Bioconj. Chem. 10:75-81).
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30 cross-linked into fibrin gels and that this bioactive peptide retains its
cellular activity in vitro (Schense, J.C., et al. (1999) Bioconj. Chem

10: 75-81). 10 18 JUN 2006 WO 03/052091 PCT/ US02/ 41114 Synt hetic matrices
Crosslinking reactions for forning synthetic matrices SolNafipl i cation in

t he -hody include (i) free-radical polynerization between two or nore

pr ecur sor sweahhbeni Ng unsat urat ed doubl e bonds, as des¢asdredid n Hem at al .,
5 J. Bioned Mater. Res. 39:266-276 (1998), (H) nucl eophilic substitution
reacti on such as e.g. between a precursor including an am ne group and a
precursor including a &uﬂmﬁm&nafn‘d@vl group as disclosed in U S. Patent No.
5,874,500 to Rhee Bsslﬂ]km réal;t'.idnﬁ %&E&%ﬂrﬁ@sﬁ%@ﬁ&ﬁ&} reactions and (iv)

M chael type addi t| on reactl on e vvee% strong nuc e and a 10

conj ugat ed un%@ﬁ?"éi’@@“@@%WCWWGW@W%@’%F@@W ophil e).
Particul arly pﬁﬁﬁo&%ﬁﬁnhguﬁsﬁemfe@a&ﬁale%&%u&%eaﬂ&ﬁywOr nol ecul e havi ng
a thiol or rou J|IC up and. precursor nol ecul es
i ncl udi ng > T}é]‘éﬁ"’ ’vﬁ‘f‘fy# 81%@1@&3? 8F‘E’€'it1‘tE?Bh| lic groups. Mbst
preferred as rda&bnmmhsopbeﬁwmagimutpqrmmﬂiﬁgaﬂhm&dg@rpw@a M chael type
addi tion reacﬁj}eg‘ﬂs%r%r]gl Qmé&mtﬁ?%o' qnose({‘ﬁ qNHubbeI | at at, the

I NC e

content of wh ora y re ence °M chael type addition
reactions all és&'f‘fiﬂOmRhPesMIu(n@ws@ShﬁﬁmawbﬂdémmateadhemdaV)f| rst and a second

precur sor com&tﬁa&ypummrab%a'b@&@aﬂa%a&ng%qa%ﬂ@mai n a self-selective
manner, even in _the presence of _sensitive bio ical materials. VWhen one of

the precut$or %%%%%@%%@0@“?8@(%%% of Pagticuiadyst two, and at

| east one of them%m@m@m@ﬂbmﬂmaﬁl onality greater than
two, the system w || %11 fgalh@c“ vel react t for cross-1linked three

di mensi onal  biFBHEEEHR %) the nuple hﬁg’ﬁtur ated groups or
conj ugat ed unsanaﬁatventrlhﬂﬁonlsgrmmmﬂiegmupst Mdsts:néf&rmdes met hacryl at es,

ooy A G RS BRARC AT sAGEWIBRT Gl B kbR Ul 0neS, 2 o

4-vinyl pyri di Ai um i nones e nucl eophi “ic groups are
pr ef er abl ¥5 t hidescrilpd i NS 0044308 do Bubbelpef abrthe cagrent efoyhichyip oups. Thi ol groups are

substantial l'y ﬁ@ﬁ@m&@ﬁéﬁéﬁ%feﬁﬁ& MIEHREI Yo AektRA raBidASaIBHaNPS. As previously
stated, the pHis an ort 30 this con3| deration: the deprotonated

thiol is substfcm sipRd § $pegd precursor component under
physiological condmons in a self-selective manner, even in the presence of

sensitive biological materials. When one of the precursor components has a
20  functionality of at least two, and at least one of the other precursor

components has a functionality greater than two, the system will self-

selectively react to form a cross-linked three dimensional biomaterial.

Preferably the conjugated unsaturated groul:;s or conjugated
unsaturated bonds are acrylates, vinylsulfones, methacrylates, acrylamides,

25  methacrylamides, acrylonitriles, vinylsulfones, 2- or 4-vinylpyridinium,
maleimides, or quinones.

The nucleophilic groups are preferably thiol-groups, amino-groups or
hydroxyl-groups. Thiol groups are substantially more reactive than
unprotonated amine groups. As previously stated, the pH is an important in

30 this consideration: the deprotonated thiol is substantially more reactive than
the protonated thiol. Therefore, the addition reactions involving a

conjugated unsaturation, such as an acrylate or a quinone, with a thiol to .

11



the protonated thiol. Therefore, the addition reactions involving a

conj ugat ed unsaturation, such as an acrylate or a quinone, with a thiol to 11
| B JUN 2006 WO 03/ 052091 PCT/ US02/ 41114 convert two precursor conponents
into a mtrix will often be best carried out nost qurckl and
sel f-selectively at a pH of approximately 8. At pH of %’féﬁﬂﬁrratel y 8, nost
of the thiols of interest are deprotonated (and thus m)re reactive) and nost
of the amWeeHsHM nterest are still protonated (and BEEHIHIIAss reactive).
When a thiol is used as the first precursor nol ecul e, a conjugate structure
that is selective in its reactivity for t hiol relative to amnes is

hi ghly desi r §BTE™ M FeC3PLLOmpgnERis 'é% ‘ﬁ‘ﬁ opfuce bpe G ecul es i ncl ude
protei'ns, peyisi qhickly apmie;faﬂmbayktemﬁ&;fa@ﬂimﬁmlmIAtEpHGﬁhoI ),

oLy (et v N Sty s mdPoA SRR AR BG LS BaWll. y(vinyl

pol y(et hyl enezto-acrylic aci
pyrrolidone) mmg@vﬁynémeﬂ@fdhqm ofprylrest@telsulbprefpnatqddhn}l( mal ei ¢ aci d),
pol y(et hyhen%mesmba %wamgw@ﬁé cagarmome ol y(ethyl ene

oxi de) - co- pol y( propyl ene oxi de copal ymers. A particularly preferred
precur sor nolBEpeEs 6@9@%W&PF‘E’ﬁéJ“SI%‘W@BImCWF?&WﬁW ene glycol (PEG

provi des a cGhuRpisdiphlytidiidableng bl ock.  One can readily purchase or synthesize
| i near (meani ng ds br an ni n nore than two ends) PEGS
and then functi OM%IF{QEIE\&%H’@Q ﬂé‘gpé‘?‘fmrn@&ﬁ@“{ ‘%ﬁﬂ%" te either a strong

nucl eophi | e, peptides, pdlyexytikylales, pdy(waym&omxrpa]mahﬁﬁesbmlt ure, such as an

acryl ate.qr si(lagg nts are either mxed with each
ot her or \?\ntﬂﬂ%h‘g%k’a ﬂ%md)v%}&“’(;t(e)rr%onent n aﬂl Irghtly basi ¢ environnment, a
matrix will (relyeinxazoline), poly: lmﬁromwemlv( +¢-¥imyland t he second precursor

conmponent . A JoEGidosd) HeSBREC Si) ity RAL-8 kit Bid, non- PEG conponent, and the

nol ecul ar 25 "'wei ght qr hyd I|C|t of either conpqnent can be controlled
to mani pul at &°! %%@fl%iﬂh&me%‘?ﬂbﬂ@raﬁ%w -BelyGroryiensexideibipgkini 1 i ty, and the

wat er cont entcopdlyrhdie A peeticulatly prefeledii@ineérintleculd Bedpethyléser i al s are general |y
useful i rredr ca{r inpl ants, as described in nore detail below. In the
formatio Sof %lr’éf’ ices, especially matrices that 30 are desired to degrade in
vi vo, peptides prB@lmﬂwl@eﬂe@@@@hmwdﬂmtcomﬁdbm@ngblock

One can readily purchase or synthesize linear (meaning with two ends) or

branched (meaning more than two ends) PEGs and then functionalize the

PEG end groups to introduce either a strong nucleophile, such as a thiol, or a
20  conjugated structure, such as an acrylate or a vinylsulfone. When these

components are either mixed with each other or with a corresponding
component in a slightly basic environment, a matrix will be formed by
reaction between the first and the second precursor éompont. A PEG
component can be reacted with a non-PEG component, and the molecular
25  weight or hydrophilicity of either component can be controlled to manipulate
the mechanical characteristics, the permeability, and the water content of the
resulting biomaterial.
These materials are generally useful in medical implants, as described
in more detail below. In the formation of matrices, especially matrices that
30  are desired to degrade in vivo, peptides provide a very convenient building
block. It is straightforward to synthesize peptides that contain two or more

cysteine residues, and this compoenent can then readily serve as the first

12



bllock. It is straightforward to synthesize peptides that contain two or nore
cysteine residues, and this conponent can then readily serve as the first 12
18 JUN 2006 WO 03/052091 PCTI US02/ 41114 precursor conponent with

nucl eophilic groups. For exanple, a peptide with two free cysteine residues
Wil readily forma matrix when mxed with a PEG tri\fi nﬁgll sgbﬁfone (a PEG
havirng three arns with vinyl sul fones at each of its Iﬂ fl physi ol ogi cal
or slight Wo®ioger pH (e.g., 8 to 9). The gel ati on cCET/B2AI¥G proceed wel | at
even higher pH, but at the potential expense of self- selectivity. Wen the
two |iquid precursor conpon re mxe to et her hey react over a period
of a few mi ndTEEFCTRREPFH ?S'HE }Qfaqﬂi?%%’?s ]ﬁarﬂjp?i}f’ tﬁ network of PEG
chai ns, bear mgﬁeehgmimiesidwiwﬂhemmjebmahamnwhﬁmhﬁ\nﬂmnms as connecting

i nks. The p ected as.protease s es, so 10 as to mmke
t he network %gpagl ggﬁr]\l%% %%ef%ﬁ&etgvmﬁdﬁsegfagee f%‘f/ ceI ls, as is done
in a protei nmmhmmorsmahh@@rpﬂ(&ag,f&m% Thergelation canPr ef er abl y the

sequencessi N gfshGrolREakis oHnhighkibil bid bifie foltntifl BfpehR Bt {cftat arc involved in cell
m gr ati on (es%§§ as substrates fof enzymes such as co Iagenase pl asm n,

met al | opr ot eiSAEESELY \WKhasp thsrtwe figrid precumor campenghizfre miret i8FRTdonmi ns are not be 15
:c' m%ﬁd to tflﬁb?@ea&%ﬂ&%@@ﬂ&iof@t&xﬁ.ﬂﬁt&dt@ﬂinﬁbﬁﬂadﬁ&@éﬁwfns%ﬂwh ce Its a tsubstr}«;ate
or e enzyme np es i on characteristics o

the gels can? ﬁﬂ@ﬁ#hﬁ?g@’éﬁ %‘ﬁ F‘?ﬁ’é“‘&%%‘ §h0‘1° G pepti de that
serves as thecann@ssgﬁnkaIhagemrdek@nbe@alectmmypmmsabsgaés,:tohat I s degradabl e by

011 20eNg8C: il BLASH @bt ke el Mhadiy ol o0Cnase: | 20

Furt her nore, I S possI aster or slower in

response to smempmﬁyhﬁedmymbysléh mgx.hRrefarbliigieaci d sequence so as

to alter the suebs ke ldonihs Pl of HoyRIEMIEE ibali@sldion. One can thus
make a bionmaterial that is biomnetic, that it is capable of being

renodel ed by WW@“%?WW@%@JWW%%‘F%&@F%W%BIW cel I's For exanple, 25

such a study rduidgrotsinkys (WVRIPPoreldiass), mﬂfouihheltablﬁmemmamemﬁé ease plasmn. The
gel ation f the

tid | f-selectiv Optionally,
bi of unct it naI t%%es%séaﬂm%es ﬁmp ‘?‘?ly“ae s?%lelfcﬁésar?ﬁ? rfi‘f( to provide chem cal
bonding to otihehe@@mmn(ldseg E?iamplds} She degsadation characteristics oy  pr ot ease

substrates | iGAeRQkAk ekl biGniHietchls drHROEH AP katteR the MALrix 30 is
formed from PEG vi ny one han rratrlcesforrredfromthe
as the cross-l_nlung nodes. One may make a gel that is degradable by

collagenase, but not plasmin, or by plasmin, but not collagenase.

20  Furthermore, it is possible to make the gel degrade faster or slower in
response to such an enzyme, simply by changing the amino acid sequence so
as to alter the Ky, or kyy, or both, of the enzymatic reaction. One can thus
ke a biomaterial that is biomimetic, in that it is capable of being
remodeled by the normal remodeling characteristics of cells For example,

25  such a study shows substrate sites for the important protease plasmin. The
gelation of the PEG with the peptide is self-selective.

Optionally, biofunctional agents can be incorporated into the matrix
to provide chemical bonding to other species (e.g., a tissue surface). Having
protease substrates incorporated into the matrix is important when the matrix

30  is formed from PEG vinylsulfone. Other than matrices formed from the
reaction of PEG acrylates and PEG thiols, matrices formed from PEG
vinylsulfones and PEG thiols do not contain hydrolytically degradable
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reaction of PEG acrylates and PEG thiols, matrices fornmed from PEG

vi nyl sul fones and PEG thiols do not contain hydrolytically degradable 13 16
JUN 2006 WD 0 310 5 2 0 91 PCT!US02/ 41114 bonds. Therefore, the incorporation
of protease substrates allows the matrix to degrade %1 ng[md in the body. The
synthetic matrices are operationally sinple to form 'ﬁmﬁd precursors
are-Jn xed; one precursor contains a precursor nolecule wwth 5 nucl eophilic
groups anwah@s2erher precursor nol ecul e contains thePCTalseaviophi | i ¢ groups.
Physi ol ogi cal saline can serve as the solvent. Mnimal heat is generated by

reaction. Therefo t he gel atign can be carried out in, vivo or in vitro, in

direct contac n‘iﬁ,{ ﬁﬁér?f?rg’ ,mW°f“ﬁ%Tf%ml?sﬂmf5t£lfﬁtﬁ‘§/m‘T‘ﬁus pol ymers ot her

t han PEG may tbdegtrledkgrade inhl@rbotel echei cal ly nodified or 10 nodified on their

si de groups. For [ i.ndj i rat fr.cell ingrowth or

m gration of cel @%h\t%%@yﬁﬁehgﬁr?a ?dlp%géon e'gsﬁﬂ’flgr}gtf?r%herv‘fot q&gn adapt ed

degr adat i on rrgeursers arg péxed;pne presursoncogtaine # precufsor meleruleowithr al | heal i ng response.

The pot enti a'anlEophﬂ@Fﬁlxﬁétah&ﬁLBﬁm@%ﬁﬂﬁﬂoﬁ@ﬁp&ﬁmﬂwei ces to becone invaded by
y

cells is 15 prinmari a function of network density. If the existing space
bet ween  br arf&§FeRyibG §foHpss Paysiolngiralsaling cansgrve sthg sojvgnty Minimplon t o the size of

the cells or ﬂeﬁtiséeh&atécﬂiyﬁ:ed&ﬁorﬂﬂ@&&dﬁlﬂ:@éblﬁﬁn&ah@eFﬂﬁé’did&tinV\Ihi clh resugtﬁ iln
creating nore_ space. W thin the trix, .S too slow, .a very limte eal i ng
response Wi | IV“E?e°””d’B’s°e’r“\?é‘8°.t°?—“éa§1“|r‘}‘ﬁ’g‘“ﬂ’§t‘?” BIeFEL P nat ure, as e.g. fibrin

matri ces, whiTHus dymersotlieo thaeRPEG mayberwsap eitheseltahelioallymydified o he body are known

to consi of - N8y twork which very easily can be invaded by
cells. Tﬁ’tg inl'ful?q#er%gt fhg%%?i&o%?.omt ed by IiﬁJands for cell adhesion-which are

an integrated par Forgtosthealing fridigations. thetrgie plicell ipromthoe snigrativa of r om synt heti ¢

hdeODhi lic pJeﬁ&HfoSﬂbrmaﬁBJ_ﬁ@éﬁﬁﬁﬁoﬂh@ama&a@mﬂﬁé@fﬁfaﬁkﬁr}&eﬁm&m , swell in aqueous
environnent after formation of the polyneric network. In order to achieve a

suf fici ent |y BHEF B el tpribe qveil heafingrespanss Bhepgtentitl 8 nutes at a pH of between
7 to 8 and a hyarpgieAlly domBddgradidble ham@eto bbcod® idvaded Bigelladd quantitative reaction

concent r 4% orP st prausal dnetso® 5Bt be Hyprertiesh 71 ci ont 1y hi gh. Under
such condi t i obrenchiggpdiits ergodes isdeo satl igorelation to the size of the cells or if
the rate of degradation of the matrix, which results in creating more space
within the matrix, is too slow, a very limited healing response will be
observed. Healing matrices found in nature, as e.g. fibrin matrices, which
20 are formed as a response to injury in the body are known to consist of a very
loose network which very easily can be invaded by cells. The infiltration is
promoted by ligands for cell adhesion which are an integrated part of the
fibrin network. '
Matrices made from synthetic hydrophilic precursor molecules, like
25  polyethene glycol, swell in aqueous environment after formation of the
polymeric network. In order to achieve a sufficiently short gelling time
(between 3 to 10 minutes at a pH of between 7 to 8 and a temperature in a
range of 36 to 38°C) and quantitative reaction during in-situ formation of the
matrix in the body, the starting concentration of the precursor molecules
30  must be sufficiently high. Under such conditions, swelling after network
formation would not take place, and the necessary starting concentrations
would lead to matrices too dense for cell infiltration when the matrix is ot
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formati on woul d not take place, and the necessary starting concentrations
woul d lead to matrices too dense for cell infiltration when the matrix is not
14 10 JUN 2006 WD 03/052091 PCT/ US02141114 degradabl e i n aqueous environment.
Thus swelling of the polynmeric network is inportant Itllo J@nl arge and w den the
space between the branching points. Irrespective of t 8 LIt aH085 ng
coneentration of the precursor nol ecules, hydrogels nmade fromthe sane

synt heti c woesesmsor nol ecul es, such as a four 5 arnrd@ES24inyl sul fone and a
peptide with SH groups, swell to the same water content in equilibrium
state. This neans that the higher the starting concentration of the precursor
mol ecul es ar alegradable i aghenus enyisonment. \Tobsswelling of thetnolymede wetpedrk | s when it reaches
its equili brIiympﬁﬁﬁtﬁ-mwgesﬁmw%gpﬂM&Mwaagmﬁ{b%m@dy is too small to
allow for sufficient swelling and in particular if the 10 |inkage fornmed from
the precursor confSGrREFiVE obibestarting cRgcanteion ofdhe prepurserarpleseie®rl e, the rate of cell
infiltration hyidgdld eads GomitGahESRAARGreblikdr ndRGHIEASRh as 2AGura consequence, the
opti mum bet ween . C radictory requi.rements fo appljcation in the body
nust be f un&@@ldagmgg\q%‘mfmdi"l i”%gféﬁ’a’“%ﬂu%’?&d%‘éﬁf“gﬁ"é%h ng responses have
been obser vedomeitln euilibrieestals. Bhisshecansethat the highe thecstaitignet wor k f ormed from t he
reaction of i i aneh 0 i th | east three arns
substanti al | %oéée#ﬁlég&ﬁt%%%cﬁg%ﬁ%gefﬁ%é%gh%érﬁ%h \Q%%%ggé‘r’%ﬁ 0(-%pr ecursor nol ecul e
that is at | ebshydegdiiswheo itireaohes ityaghibbriioestatd Hethe spaceaveifableémui val ent wei ght  of
the functi onghe KHaPHAS sifan bt Wod, e SimAMH sHRIRRAM RpRELLISHihe MO €CUl €5 IS between

0.9 and 1.1. The nol ecul ar weights of the arns of the 20 first precursor
nol ecul e, 10t hdinkege dermpdirom e greeuryr compeness e igt iydeobtiedyr ol ecul e and t he

functional i t yieghddbREthOrattE BalNAKIRAoN i 1 1RalfE kdBdrewiBWedesbdlat  the wat er
content of the resulti ngm?olt%rreri C networ %S et ween tt}e equi [ i brium wei ght
% and 92 wei ght® OREAPHLDE BRI BEWSH V8 FOPTRACTTE SAVETTES Het wor k af t er

conpl eti on ofapplidation inifhit hédy. must te ffend bGyodickbinfilatition aadsubenient s 25 bet ween 93 and

95 wei ght % qf I i 2T ﬁgr. and the water after
conpl etion o?ne\’}\ﬁ/anpg?si’%p RS, e%&%%%fl%}ﬁa%geﬁé?lgﬁ%gg e _%can be achi eved
ei t her whHén trnstworkferthedifrom the reastiencd @ rifimictipnal branchedmiebythenwvith ahhen t he space

avai | abl e i n jtRemkl S8R kitsiamtlal @8 i RohoiethulaPWeifiR bnd 44etdagr VOl ume increase. |t
is therefore preferred to chogse the starting concen,tr?tions of the 30

precursor corPeMEpfRolecylehat iy at lpaghp bifunchonalmglequle. THiegatiodt 1  ye for all swel | abl e
equivalent weight of the functional groups of the first and second precursor

molecules is between 0.9 and 1.1. The molecular weights of the arms of the
20  first precursor molecule, the molecular weight of the second precursor
molecule and the functionality of the branching points are selected such that
the water content of the resulting polymeric network is between the
equilibrium weight % and 92 weight % of the total weight of the polymeric
network after completion of water uptake. Preferably the water content is
25  between 93 and 95 weight % of the total weight of the polymeric network
and the water after completion of water uptake. Completion of water uptake

can be achjeved either when the equilibrium concentration is reached or
when the space available in the biomaterial does not allow for further volume
increase. It is therefore preferred to choose the starting concentrations of the
30  precursor components to be as low as pbssible. This is true for all swellable
matrices but in particular for those matrices which undergo cell-mediated
degradation and do not contain hydrolytically degradable linkages in the
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matrices but in particular for those matrices which undergo cell-nediated
degradation and do not contain hydrolytically degradable |inkages in the 15
18 JUN 2006 WO 07/052091 PCT/ US02/ 41114 pol yneri c network. The bal ance
between gelling tine and | ow starting concentration in @ar ar for
hydrol ytically non-degradabl e gels should to be optim ze ased on the
structure of the precursor nolecules. In particular, the 5 nol ecular wei ght
of the arnms of the first precursor nolecule, the nolecular weight of the
second pr e¥4PEEIp| ecul e and the degree of branchi nECT/yS0d4 11 he
functionality of the branching poi nts, have to be adjusted accordingly. The
act ual reactlon nech m has a mnor influence on this interplay. Is the
first precur§’ ?ech a three or four armpolyner with a 10 functi onal
group at the end @ke helande beiweemngelling §ime frd lsegoting neoustonin nol ecul e  a |i near

bi functi onal ﬁgﬁ%} WAt at least two cysteine
groups, then I%Eﬁl ﬂgdﬂggﬁza\%gi%&gﬁ?ﬂ%fsg@nu@qgﬁpﬁﬁ I rst precursor

mol ecul e and QBP@ORﬁﬁé%WOfMWS@ﬁmM@eSS&WU@ &eursor nol ecul e are
preferabl y chaseiasWGEt b8l aknd 6f thé ASHr2ELNEREAD hARGRE N points after 15

formati on of the network have a nolecul ar weight in the range of between 10
to 13 kD (und@?‘gl{tPféhecsﬁ?Pﬂliﬂeﬁlﬁ?rfnﬁlﬁf“l%%@ﬂFid?ﬁ%e°§P’@n‘}hﬂﬁe‘§r €not branched),

preferably beﬁxmeﬂhﬁ«bfmedmat&gbaﬂhwmaéhdjm&dfa&brdalg@t ané¢ i ng concentration of
the sum of first an second precursor nol ec .e.s?:iﬂ a range of between 8 to 12

wei ght % pr eFERIBIN IRE Y e total weight of the 20
first and second priecirstpocusymetoilea three sofourtarm polfioefvathe net wor k for mati on) .

|1 pase e OhARME s Ge eadffn b he USSR GATADSNT | o | nCT Sased fo

ei ght anc}the secon recursor nolecule 1s i near bifunctional
mol ecul e, t hea linskrdifimctipnalyplgenle, preferably apentidecoptainigganleashivobr anchi ng points is

preferably ln@yseaaaquﬂs%aﬁ%awﬁelmbﬂmma&onﬁém@%c&@ort0 24 kDa. |n case

25 the branching degree of the second precursor noiecule is increased from
linear to a tRPEMesRd themplegylenvsiebtal the secondymssurserirolectls &0l ecul ar wei ght, i.e.
the |l ength ofp;ataﬁblyblmsa;mmmm@ufednﬁgdmcmh@pan@ﬁ&ierred enbodi nent of

the present Vi o) 0 Sitio |ncI in the flrst
precur sor L no?gﬁ%f”é"tgheﬁeﬁ glﬁ%vf 5?3?@%?’5‘ ggr%?g .e. each
arm havi ng a ®03#bl(eder|tarconitig thatthe lﬁk&rahmbatasottbfmclsé)cond pr ecur sor nol ecul e
a bifuncti Ona{areferably between 11 and'12 kD. This allows for a starting concentration of
the sum of first and second precursor molecules in a range of between 8 to 12
weight %, preferably between 9 and 10 weight% of the total weight of the
20  first and second precursor molecule in solution (before network formation).

In case the branching degree of the first precursor component is increased to
eight and the second precursor molecule is still a linear bifunctional .
molecule, the molecular weight of the links between the branching points is
preferably increased to a molecular weight of between 18 to 24 kDa. In case

25 the branching degree of the second precursor moelecule is increased from
linear to a three or four arm precursor component the molecular weight, i.e.
the length of the links increase accordingly. In a preferred embodiment of
the present invention a composition is chosen including as the first precursor
molecule a trifunctional three arm 15kD polymer, i.e. each arm having a

30 molecular weight of SkD and as the second precursor molecule a bifunctional
linear molecule of a molecular weight in the range of between 0.5 to 1.5kD,
even more preferably around 1kD, Preferably the first and the second

16



| irnear nol ecul e of a nol ecular weight in the range of between 0.5 to 1.5kD,
even nore preferably around 1 kD. Preferably the first and the second 16 1 9
JUN 2005 WO 031052091 PCT/US02] 41114 precursor conpofgeniy 'mﬁa pol yet hyl ene
glycol. In a preferred enbodi nent the first precursor component includes as
functional groups conjugated unsaturated groups or bonds, nost preferred an
acryl-ate or a vinylsulfone and the functional groups of the second precursor
5 nol-ecul evppaiswgies a nucl eophilic group, preferabl yrerusai/glisor am no groups.
In anot her preferred enbodi nent of the present invention the first precursor
nol ecule is a four arm 20kD (each arm a nol ecul ar wei ght of 5kDa) pol yner

havi ng functilﬁ?f%ﬁs°rd’P’6‘H‘ﬂP§“té§aR%€thYl€?erﬁ1¥ﬁ’ﬂls of each arm and the second

precursor nol ecul & 4 fefarddiefnbatihéndtha kirst précRA6: comb&eatliwl@és a8 ol ecul ar wei ght in
10 the range @L bhet ween 1.tote$ Kk referregcﬁlgetv\een 1.(; and 2 kD. Preferably
the first preChraey oo sXuTes g“%%%ﬁ?@?‘?‘?ﬂ S PO STERIHA ng vi nyl sul fone
groups and t heeryatoayacinylsdfue aditherfodctional goips ofthgreqind ehecunsdy i Ng cyst ei ne

groups. Inr bo i tarting. ntration of the sum
o F1 st and RAeRlcH RSO BINANL IR Bt Sl @bl BERF BRGE", (")) el gnt 56 15
pref erabl y belnwaather preferrerd engbodiaieniof thepresent ipventiapithel firpiegimtor of t he first and

second precurggecultil SfotH £m 208 Bith&m 4 REERE whight TREURNpdmdp0! YyEri c  network),
pref erably between d 8 ht % to achieve a gelling time of below 10

; 5. an wei g
mi nut es. TheskaViog fygetiqnaliegnyes 4 6 ermingiaf pach m aghesgecopdy 870 and  37C of about
3-10 m nutes gbdufbr MdlEduleGs a BAndAbRiN likeaemoTaiuleioka MolBdultr Weightyslr ol ytical |y

and thi oD REPRR TR o oyPregien b o BRI T i on 1s
especi al |'y i npefitseprécursor dieule xegiolyathylene ghyat! havingadnpdsolfseenvi r onnent t he
| i nkages wi || g ﬁgy‘%{’%@ﬁ F@@&@%@g%&@%&eﬂ%ﬂl\éﬁg Loosened, to allow for

cell infiltrati ncreas ) _ T branching degree of the
pol yneri ¢ net gwewne In heth prsfemed gmbodimepts i starting qoneentratiorefithemam | . e. the | ength of

the |inks nmusisgrdGle8SRd preeurdoiblectielrazb BN the8 1093 welghdes, i nteract with their
envi ronment through protein-protein i n- ol igosaccharide and

ein, protein:
pr ot ei n- pol ysereferRbly befwesnfiand Liveight @ of thetqied weghtof b firsbad 30 Extracel | ul ar
mat ri X prot ei gsond peecirste mdlebidSind Shtebiberas onnatichiogfiferico t he cel | .

network), preferably between 5 and 8 weight % to achieve a gelling time of

below 10 minutes. These compositions have a gelling time at pH 8.0 and
37°C of about 3-10 minutes after mixing.

Z0 When the matrix contains hydrolytically degradable linkages, formed
e.g. by the preferred reaction between acrylates and thiols, the network
density with regard to cell infiltration is especially important in the
beginning, but in aqueous environment the ]inkagesr wiil be hydrolyzed and
the network will be loosened, to allow for cell infiltration. With an increase

25  in the overall branching degree of the polymeric network the molecular
weight of the interlinks, i.e. the length of the links must increase.

B. Cell attachment sites
Cells interact with their environment through protein-protein, protein-
oligosaccharide and protein-polysaccharide interactions at the cell surface,

30  Extracellular matrix proteins provide a host of bioactive signals to the cell.
This dense network is required to support the cells, and many proteins in the
matrix have been shown to control cell adhesion, spreading, migration and
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This dense network is required to support the cells, and many proteins in the
matri x have been shown to control cell adhesion, spreading, mgration and 17
10 JUN 2006 WO 03/052091 PCT/tJS02/ 41114 differentiation (Carey, Annua

Revi ew of Physi ol ogy, 53:161-177, 1991). Sone of the; ﬁ?ﬁmlﬁhﬁ proteins that
have been shown to be particularly active include |la itronectin,
fibronectin, fibrin, fibrinogen and collagen (Lander, Journal of Trends in
Neur ol ogi cede3@sioance, 12:189-195, 1989). 5 Many st ude@gsedsiitam ni n have been
conducted, and it has been shown that lamnin plays a vital role in the
devel opment and regeneration of nerves in vivo and nerve cells in vitro

(W1 liams, NetffeerREin eareyrbgudierier o Fhpiloey 8961181990 as wel | as in

angi ogenesi s. Soﬁeaﬁm@@e&ﬂ@pr&pﬁsﬁﬂhﬁve%eﬁ@mﬁﬂswﬁh&lcuﬂﬂf ggtd y interact with
cellular 10 r tors and ca e| t %gﬁt?SI on, readi ng or signal
transduct i on ¥f; H‘@H"@Hﬁ‘ °gﬁlﬁnﬁr°ﬁgg‘??ul ti domain protein
(Martin, Annmndaemmgmen&iahmvalbgﬂlsdz@wu B3951858989)1987) , has been shown

to consis i.th sever r.ecept or - bln i ng domai ns. These
5y o] B ey 3548 RERPLRL AR

receptor- onal n I nc 2) sequence of the
| ami ni n Bl cHamininpl@ys vital rele naﬂleslevelerbmentamsr@&&mﬁ@:ﬁqfnw&h Kl ei nman, et al.,

Archi ves of %M@%E%m%&‘&ﬁu 3‘%%'%”"”’?{%%?\7%4?‘@ 1#%@9 and Massia, et al,

J. ofBiol. Chem 268: 8053- 8 NO 3) of the lamnin
A chain (1 gri4Ps19%7), ssmelhps in angiogeesie| | Bj ol ogy, 111: 709- 720, 1990) and PDGSR

(SEQ ID 20 NO 4) s&&eafhesﬁﬁmc@éqnme&sﬂﬁh&e&u(&bﬁam@enﬁ al ., 1989). Several
ot her recognltlon sequences for cellgs have al so_been identified. These

i ncl ude 1PKvATFePREAN] Eugke)th °57‘Ib5ﬁ‘°"t% rsiepel gansfugfign b¥e shim et al ., J.
of Biol.  Cherbeen idéifidd5174- 16182, 1989) and the sequence RNI AEI | KDI (SEQ | D

NGO 6) of the lamni.n B har iLr S Le ters, 244:141-148, 25
1989). The receptors 21 p?r%se Epe%é 'lmg sé’ﬁrﬂ' ces have al so often

been identi fl@ﬂulaﬂmb@séﬂ-@ﬁ, 1&857D |hed teren shewwretotconsist eflilzee dheins shown to be
responsi bl e fQf oG, ;ptgrlggld{%ggbﬂ% msgﬁgéfropgﬁmgbmerfam l'y (Rouslahti,

E., J. of din. Investrgatron Integrrns are protein

het er odi 8r s ingude thegGs (F&W%%W%MWC@WP d¢han(Erafor k has shown t hat
30 the tri pepd k] € RGR9RI-0abs 1930, KelMRinddr o) UréHnds §Bidchémghi Ns (Hynes, R O,

Cell, and Biophysics, 272:39-45, 1989; and Massia, et al, J. of Biol. Chem.,
268:8053-8059, 1993), LRGDN (SEQ ID NO: 3) of the laminin A chain
(Ignatius, et al., J. of Cell Biology, 111:709-720, 1990) and PDGSR (SEQ ID

20  NO: 4) of the laminin B1 chain (Kleinman, et al., 1989). Several other
recognition sequences for cells have also been identified. These include
IKVAV (SEQ ID NO: 5) of the laminin A chain (Tashiro, ef al,, J. of Biol.
Chem., 264:16174-16182, 1989) and the sequence RNIAEIIKDI (SEQ ID
NO: 6) of the laminin B2 chain (Liesi, et al., FEBS Letters, 244:141-148,

25 1989). The receptors that bind to these specific sequences have also often
been identified. A subset of cellular receptors that has shown to be
responsible for much of the binding is the integrin superfamily (R ouslahti,
E.,J of Clin. Investigation, 87:1-5, 1991). Integrins are protein
heterodimers that consist of o and B subunits. Previous work has shown that

30 the tripeptide RGD binds to several P1 and B3 integrins (Hynes, R.O., Cell,
69:1-25, 1992; Yamada, K.M., J. of Biol. Chem.,266:12809-12812, 1991),
IKVAV (SEQ ID NO: 5) binds to a 110 kDa receptor (Tashiro, et al., J. of
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69: 1- 25, 1992; Yanmada, KM J. of Biol. Chem, 266:12809-12812,1991), |KVAV
(SEQ ID NO 5) binds to a 110 kDa receptor (Tashiro, et al., J. of 18 1 0 JUN
2006 WO 03/052091 PCTI US02/ 41114 Biol. Chem, 264:16174-16182, 1989);

Luckenbi |l | - Edds, et at, Cell Tissue Research, 279: 31% 3 1995) YI GSR ( SEQ
ID NGO 2) binds to a 67 kDa receptor (Gaf, et at, 8'&@% DCGEA (SEQ I D
NGO -Z), a collagen sequence, binds to the (x2,01 integrin (Zutter & Santaro,
Aner. J. ofoBnrfedhhol ody, 137:113-120, 1990). The reocspiusen4ins t he RN AEI | KDI
(SEQID NO 6) sequence has not been reported. In a further preferred

enbodi ment peptide sites for_ ce adhesion are _incor porat ed into the matrix,

nanmel y pept i &Gk %tz%ilﬁﬂﬁléwgrd]‘?é@rB‘ﬁk"“ﬁw&i’ﬂ%iﬂr@ ¢dtBistors on the surfaces of
cells-into tIResebriched:¥nial,999H), YIGSR ISEQIDAS®@2) bindMe AT B  Such adhesi on

pronoting peptides.can be | e f €. gro as descri bed above.
Particul arl yP g?i@@@rgimgh@émé%’%ﬁﬂ%? bronectin, the Yl GSR (SEQ
| D NO Z)émseqaqeml e:hdmﬂge%,ﬁibmgm(zhm&WIWf cel |l attacBment Si tfas a[)e
a particu arﬁﬁh@fﬁ@ gj;ﬂi qui ﬁ % S aJS ces, but can al so be
i ncl uded % tﬂf? #é e {(SE ﬁ%or ation can be-done,
f_o: he?ﬁrrpl e, N¢i: ﬁ)adequcimyhasmokbmgreaor@st ei ndz cont ai ni nggocel I ?tta;:h(rjrent pept i deh
Wi e precurs |%1E%§§ saturated group, suc
as PEG acryl ate, %I?’If:!'@!B g’?&%n%dﬁ e or v?lﬁeig/?su one alﬂ]?'ew m nut es before
mxing with mwom@mwﬁmat@ﬂn@wmgwdmgwmt i ncl udi ng the

nucl eophi |'i ¢ pRf3tifh re@PER of the@eibdlioPlell6 R R tintMEriRls 8EME SOr conponent. 1f the
cell attachnent sjite does not . include a cysteine, it can be chemcally

synt hesi 22d PESOhEYsRHR §‘|‘P§ad]’BE}P‘?HEPmHP?“F"ISFQbe?T?IE‘FdWH’e adhesi on- pronot i ng
peptide w || tHegedpes des@ibéduboal @atitulirle preffted & the RGN dquefieecur sor nul tiply
functionalized wth cony t tyration en.the remaining nultithiol
is added to %@%&%&ﬁewgég&%ﬁﬁiﬁﬁm%?%?%ll form Anot her

i mport ant inﬁﬁdomamﬁmfgéummoatyitdshatapmmﬁMbMde prepared here, is the
effici ency Ofgp nﬁv%@l'yhﬁl c%ﬁﬂ%@ﬂﬁ@énalé%%ﬁﬁlﬁe\é%ﬁas%@ﬁs such as adhesi on

signal s.- Thi s ste as to be quantitative, since, for exanple, unbound
| i gands te. gtheaJaW@émaﬁceélIhssl}cowml@%bﬁqﬁmfqrﬁ@mpiwwlaéfl on of cells with

the matrix. ASxides&ktinsson ce@hacHnbet pdfiide wath ke ptec@br 30 of the precursor
with such pendant o dPER it ested St Gt bt s PEG Acsyiats | EP

PEG acrylamide or PEG vinylsulfone a few minutes before mixing with the

remainder of the precursor component including the nucleophilic group, such

20  asthiol-containing precursor component. If the cell attachment site does not
include a cysteine, it can be chemically synthesized to include one. During
this first step, the adhesion-promoting peptide wili become incorporated into
one end of the precursor multiply functionalized with a conjugated
unsaturation; when the remaining muRtithiol is added to the system, a cross-

25  linked network will form. Another important implication of the way that
networks are prepared here, is the efficiency of incorporation of pendant
bioactive ligands such as adhesion signals. This step has to be quantitative,
since, for example, unbound ligands (e.g. adhesion sites) could inhibit the
interaction of cells with the matrix. As described later on, the derivatization

30  of the precursor with such pendant oligopeptides is conducted in a first step
in stoichiometric large excess (minimum: 40-fold) of multiarmed

electrophilic precursors over thiols and is therefore definitely quantitative.
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in stoichiometric |arge excess (mninmum 40-fold) of nultiarned

el ecirophilic precursors over thiols and is therefore definitely
quantitative. 19 1 0 JUN 2006 WO 03/052091 PCT/ M)2/ 41114 Aside from
preventing unwanted inhibition, this acconplishnment is; guﬁ) ﬁ@l cally even
nore significant: cell behavior is extrenely sensitive q g changes in

| i gand densities and a preci se knowl edge of incorporated |igands helps to
desi gn anwvamdgseyt and cell-matri x interactions. 5 Summaisizeds t he
concentration of adhesion sites covalently bound into the matrix
significantly influences the rate of cell infiltration. For exanple, for a

gi ven hydr og@&fide fomrpieveatipgwanted intibitions hisaccomplithmentit or por at ed i nto t he

mat ri xI with BidIbEiaﬂIyE‘ev&ﬂhérebnﬁtﬂ?@ﬂ%&ﬁﬂ%ﬂwﬁﬂkbﬁﬁnﬁl&ﬁéﬁﬁ%wn aB opti mal way. The
opti mal concentration r.an of. adhesi aqn sit Lke s between 0.04 10
and| 005 v ST Beet iU REN JrBer Y F Jreg RO weRse it RIRIEH ar f o & mairi X

havi ng a wat hgandshtlpstddehgﬁmﬂemmuﬂbdnhnammwmmratl on and 92 wei ght %
after termn ﬂ%’]ﬁs C g results can be

achi eved %]y %eepl ng 't %aoiggdhcﬁ( &'JEJC% %lentaﬂ %pr ate of matrix

degr adat-i on atamamﬁcaﬂlrhﬂn@garﬂ@meofichlémﬁmtmtm exmudslftgra (in particular PTH
1-34 coval en @g}g@ kol il YR bEWEPGAYERImeM th a nol ecul ar wei ght
of about 20, 00 cross?]i)%aﬂﬂ) rﬂl%a prot ease degradation site

GCRPQG WEQDREAESshsyypRits celi jngroreh ang callpigiigndrarmstinglyayy | D NO. 9) gi ve

part: cularl ymammoh@?&gﬁéié&@ofmsﬂﬂs&eﬂgﬁgméme@boboRe def ]gzctf]. The |
starlngconce on.o a epti.de bel o 10vve|gt%o the tota
wei ght ot ¥t h&® ésg'ﬂﬁlaagevéﬂﬂmmfegﬁmbﬁ(oo‘gf BT IE3 Ma 0 " gel s have a useabl e
consi st ency amdn@mcbdnmbmeadﬁlﬁﬁﬁmmmcmwmlg}m% to easily
infiltrate t A r@}i dx material is preferably biodegradable by
natural |y prreggeer% en?frreag e rate of degradation can be manipul ated by the
degree of 25 cr osEiclieki hoge kenlihgrévaltsicabe achieried bY kegping hemte dfnhi bitors in the

matrix. C gmﬁ@dn&k&ﬁ'ﬂ%rﬁymﬁm&ﬂ&ﬁ%ﬂ%Tm%dft&ﬁkon pepti de can be
crosslinked and, coval ently bound matrices through t he crosslinkabl e

subst r at &5 domgtrE dstien Frepapieplag RIS lo?f‘ °°b°é?5‘f1}’5‘§m hwERy of substrate domain is
dependent on pblgathylédeglyd] @fth 4 A6lecilir WeifhtoRabott@0,000Ma drosdlitkpdr ati on into fibrin
matrices transgl ut am NAse muPst GRREQGIWGQDRC (SEQ ID NO: §) and
0.050 mM GRGDSP (SEQ ID NO: 9) give particularly good cell ingrowth
results and healing of bone defects. The starting concentration of PEG and
20  peptide below 10 weight % of the total weight of the molecules and water

(before swelling). The gels have a useable consistency and allow the

osteablasts and precursor cell to easily infiltrate the matrix.
The matrix material is preferably biodegradai:le by naturally present
enzymes. The rate of degradation can be manipulated by the degree of
25  crosslinking and the inclusion of protease inhjbitors in the mairix.
C. Crosslinkable substrate domains
The PTH fusion peptide can be crosslinked and covalently bound to
matrices through the crosslinkable substrate domain of the PTH fusion
peptide. The kind of substrate domain is dependent on the nature of the
30  matrix. For the incorporation into fibrin matrices transglitaminase substrate
domains are particularly preferred. The transglutaminase substrate domain
may be a Factor XIIla substrate domain. This Factor XIITa substrate domain

20



domains are particularly preferred. The transgl utam nase substrate donmain
may be a Factor Xllla substrate domain. This Factor Xllla substrate domain
20 18 JUN 2006 WD 031052091 PCTI US02/ 41114 maybe include GAKDV (SEQ I D NO
10), KKKK (SEQ ID NGO 11), or NQEQVSPL (SEQ I D NG 3]2) The coupling
between the PTH and the transgl utani nase substrate d8rdlnllbfan be perf or ned
by chem cafyosyiieesi s. The transgl ut am nase substr at goflggBimscan be a
substrate for a 5 transgl utam nase other than Factor Xlllaa. The nost
preferred Factor Ma substrate domain has an ami no acid sequence of NQEQVSPL
(SEQ I D NO  mf¥)be jrokudeGAKPE(SHQ IBANQ:d 0 EKXKESEQ NPk )rot ei ns t hat
t ransgl ut am f Y ] i d be coupled to the
SRR 2 D BB AR

transgl uta_m nase substrate pep . ransgl ut am nase
substrate dorfEriEtanEmse yybyiyare domairegnbr rfomuydiy cmieteyntheping 13) A pepti de
wi th glutam ne at mmnilglmﬂswuemaﬂa&ﬁaiﬁ%%hmsﬁdtéﬁrin the chain of
fibrinogen SEQ I D NO 14GAKD V S;&FI NO 14) A peptide that mmcs the
| ysi ne codpl i Fg® sgothay thap | a. Lipg,mpst gg FEMRO  11KKKK (SEQ ID
NO 11) A pepiubsitete dbridin Bas pphriny sdidwequeticeat N@BOUSRIOSBQID NG: site SEQ I D NO

12NQEQVSPL ( | D 12) A. tiegle t hat 1cS.the crosslinldng site in a2-
pl asm n inhi bi m’(ng%lﬁrfeé\}?%st an-r B ’W%@ti@r%sé}'“%ﬁ%ﬁ on of PTHinto a
mat ri x f or medrefoguiresssycht ds dbronectip cowd besouplesidnthe remsglstamidage PT14 f usi on pepti de
or any ot her sf&ﬁs%&?%ﬁhé? be incorporated nust be synthesized with at | east

|

one additional cys ne goup 15 (-SH) preferably at the N term nus of PTH as
t he crosslioi nkabl e subBaiigt clragwghaminasy gebsprgteidemaiss can be either directly

attached to the of roupn ¥RG ARDGE TR IDWE:13) Nker sequence can
additional ly ii nc PR MK 13enzyrrati cal |y degradabl e am no acild sequence, so
that the PTHican be 21 A peptide with glutamine at the transglutaminase

coupling site in the chain of fibrinogen

SEQ ID NO: 14 GAKDV (SEQ ID NO:14)
A peptide that mimics the lysine coupling site in
the chain of fibrinogen

SEQIDNO: 11 KKKK (SEQ ID NO:11)
A peptide with a polylysine at a random coupling
site

SEQ ID NO: 12 NQEQVSPL (SEQ ID NO:12)

A peptide that mimics the crosslinking site in oi2-
plasmin inhibitor (abbreviated TG)

For the incorporation of PTH into a matrix formed from synthetic
precursor components, the PTH fusion peptide or any other peptide to be
incorporated must be synthesized with at least one additional cysicine goup

15  (-SH) preferably at the N terminus of PTH as the crosslinkable substrate
domain. The cysteine can be either direcily attached to the PTH or through a
linker sequence. The linker sequence can additionally include an
enzymatically degradable amino acid sequence, so that the PTH can be
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| B JUN 2006 WD 031052091 PCTI US02141114 cl eaved fromthe matri x by enzynes
in substantially the native form The free cysteine group reacts wth the
conj ugat ed unsaturated group of the precursor conpgnent in a Mchael type
addition reaction. In the case of PTH 1-34 the bond8g@M Bl synthetic

mat £i x for PTH 1-34 is nmade possible by 5 attaching an additional am no acid
sequence tywpésaswdy term nus of PTH 34 that contai nsp@&ushasis one cystei ne.
The thiol group of the cysteine can react w th a conjugated unsaturated
bond on the synthetic polymer to forma covalent |inkage. Possibility (a)
only a cyst eiraveddront themitrix/by enzyrhes igrebrtantidly thematiyederai. Ibei ty (b) an

enzymati cal | yﬁég%%éig%muﬁma&gmgL&%&&&W&éﬁ#ggr adabl e sequence is

attached as |inker between the cysterne and The sequence GYKNR
(SEQ | D NO  IPscugsen spmpenentfina Michag! tygeadditian reagtign. dhtke easeoffd Fonai n, t he
Cysteidne, rrakle?ﬁ?&nhigalﬁﬁg@ndtﬁé@_f_m feleamadaht Made b&é?oletﬂagl PTH_fusib'On )
pepti des, _nmay further ified to contaip a, degradable site between the
att achmen? si?@&“’?&%f“%ﬁ?@ﬂg’é‘%ﬁﬁgﬁeﬂﬁﬁﬁmﬁe. '@W@”ngﬁgf-“) Xl'lla substrate
domai n or t hehsyaiténsaeleasao® cyditneP The thiol gréup dof e cystdirkican datBi n. These sites
may be degrad e el r noR-spec fi ydr.ol vsi i.e. an ester bond) or
they may be s‘%ﬂs croglthgst]e%fugslr)a%gé%m ?clp%n%éensf;ﬁ/ﬁﬁ%% ggly:?éﬁ? Yer (, proteolytic or
pol ysacchar i devaenyliskdizn Fpssibdily @ienly oeysteifitiis gitachiddo thel pépitide. oi t es  al | ow t he
engl neer i N9 Sfoxffli (9P ehiyhiicafty SRR infphidolide AWl | CES |11 ke 20 fibrin

e

gel s. For exanpl e, gradati on based on énzymatic activity allows for the

rel ease df° prdastedablssequghre issttpebed a5 inker beveen tigcysipins@ad er at her than by

di ffusion of geptdef Brelsetfuedcd GRUBIR (BHQ@ MYRD: 15 hpvede G Ackeddn@irSi t e or |inkage is

cl eaved by enz s released,fromcells .ch invaded t matri x. The

degr adat i on S#E‘% & ‘gﬂ%m?’ﬁge{“& ’B‘@‘e?@?hé‘g@&lﬁnﬁgﬁmﬁ}ee or no 25

modi fication to tAeusphd FTRl fusiprepeptidis nap befortiee modifiedth comaim s esul t i n hi gher

activity of t% q:etsﬁ%be%n gﬁ&ﬂ:ﬁ&tsi{eti.e%le&\Q&ﬁtdgﬁaj%gleease of the factor to
y ce iC ¢ such as

be controlle Speci processes, cal i zed proteolysis,

rather tlian #etefXiER gfstratesiomsiaepthp eysising) andthe PTHL be. thpifirs a) | ows factors to be

rel ea;ed at  didnfa8, Q'B&se_&i&%_ﬁ\ﬁywJe&iadhbie*éﬁhe‘ﬁ%n@écﬁ{cih%oﬂﬁpendi ng on the
| ocation 30 of cells withipn the material. This al so. reduces the anmpunt of

total PTH netfdd esteribppdd or they may be subgirates for specifig enzymatin(erthed | | ar processes.
Conser vat i on mbteoliAicdr aolghatcharid deprading) depiatidtioy TFhee ddgradablecitesadvant ages of

exploiting c eMow%Qeee%-hiLéeﬁng% more specific release of PTH from matrices like

20 fibrin gels. For example, degradation based on enzymatic activity allows for
the release of PTH to be controlled by a cellular process rather than by
diffusion of the factor through the gel. The degradable site or linkage is
cleaved by enzymes released from cells which invaded the matrix.

The degradation sites allow the PTH to be released with little or no

25  modification to the primary peptide sequence, which may result in higher
activity of the factor. In addition, it allows the release of the factor to be
controlled by cell specific processes, such as localized proteolysis, rather
than diffusion from some porous materials. This allows factors to be
released at different rates within the same material depending on the location

30  of cells within the material. This also reduces the amount of total PTH
needed, since its release is controlled by cellular processes. Conservation of

PTH and its bicavailability are distinct advantages of exploiting cell specific
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16 JUN 1006 WO 03/052091 PCTI US02/ 41114 proteolytic activity over the use of
diffusion controll ed rel ease devices. In one possible explanation for the
strong healing of a bone defect with PTH covalently bound to a matrix, it is
deened inportant that the PTHis adm nistered |ocal,ly,qQver an extended
period of tinme (i.e. not just a single 5 pul sed doséﬁ ﬂﬁ*zw%t in a continuous
fashi-on. This is acconplished by a slow degradation, through either
enzyrati c woeasage or hydrol ytic cl eavage of the naeciuvsezdinat hi s way, the
nol ecul e is then delivered through a pseudo- pul sed effect that occurs over a

sustained period of time. Wien a progenitor cell infiltrates the matrix, it
wi | | encount d¥oieplybeprtiiy avey the useofdifiugienrontiplled relegsadeviee I nt o a preost eobl ast .

However, if tdiaposkible eipldhbiddn forahd subip@Baling bf a Ko@dddfddtwii B | ber ate bound PTH
fromthe matrix, | i ef fectivel ' an osteobl ast and begin

t.wil convert in
produci ng borf8" ?’P‘?P.“d{—'”larfﬁ‘f%}“st H@P‘g'ﬁ‘étﬁlfaf@ei)ﬁﬁfsects of the peptide are
| ocal i zed t o &ihiistbedddadally &gt orexendtd period sftheeg({jel @oijusya sitgkgni f i ed. 15 Enzynes
that could b VAl r i on_ar rous. Proteolytically
degr adabl g Si deégféégéﬁgtq%%@fa‘é%ﬁﬁsdﬁggﬁ% gggﬁsor '%%'I?‘lfleéigg%gse, pl asm n,
el ast ase, st rsavedegradation, shroyghgither enayyeatic dleavageanr bydolyticleavagt ary substrates are

listed bel ow.  ¢hlenRRixd @N@isSvad Thd 1ol file Shheh detiveRd? RirdupR R psehVar d the am no
term nus of the grotel n fromthe site were 20 proteolysis occurs. P I|'-P4

denot e ani no egt. that pesuis oy es A sustaipgipegiod pfdimec RFOPBIPF nus of the protein
fromthe sit aenifitRiedthenReixys il acsuhtéra PTHIEM@lednd 2aNpl € substrate sequences

Dool 1101 G0 ( KRB B bHr o E S Aers S PRI (AR Phiagi and Dool | (11 ¢,
continue to liberate bound PTH from the matrix, it will effectively convert
into an osteoblast and begin producing bone matrix. Finally, the therapeutic
effects of the peptide are localized to the defect region and are subsequently
magnified.

15 Enzymes that could be used for proteolytic degradation are
numerous. Proteolytically degradable sites could include substrates for
collagenase, plasmin, elastase, stromelysin, or plasminogen activators.
Exemplary substrates are listed below. P1-P5 denote amino acids 1-5
positions toward the amino terminus of the protein from the site were

20  proteolysis occurs. P1°-P4’ denote amino acids 1-4 positions toward the
carboxy terminus of the protein from the site where proteolysis occurs.

Table 2: Sample substrate sequences for protease.
Protease P|P4 |P3 | P2 |P1 |PI’” |P2’ |P3’ | P4 | Reference

Plasmin L |I K |IM |K P Takagi
and
. Doolittle,
(1975)
Biockem.
14:5149-
5156
Plasmin N |F {K |S Q L Takagi
and
Doolittle,
1975
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15575 23 10 JUN 2006 WD 031052091 PCTt 17S02/ 41114 Stronel ysi nAGPLALTALSHi t h
et al., ¢(1995). J. Biol. Chem 270:6440- 6449 Stronel ysi nACPFELRANHSmM t h et
al ., 1995 2 El ast aseZ- AAFANHBesson et al ., (1996) 2An w‘%‘g@ Bi ochem s try

237:216- 223. Col | agenaseGPLG AGPNet zel - Anett et al. Bi ol .
Chem_. 266:6747- 6755 t- PAPHYGRSGE Coonbs et al ., 1998. J. Bi oI Chem
273: 4323- wodis2001 PCT/US02/41114

Stromelysin |A|G [P (L |A L T A (L Smith et
al,
(1995). J.
Biol.
Chem.
270:6440-
6449
Stromelysin Ac|{P [(F [(E (L R A | NH | Smithet
al.,, 1995

Elastase Z A A |F |A |NE Besson et

al., (1996)
Analytical
Biochemis

ry
237:216-
223,

Collagenase G [P |[L |G |1 A |G |P Netzel-
Arnett et
al., (1991)
J. Biol.
Chem..
266:6747-
6755
+—PA PIH Y [G {R |S G G Coombs et
al., 1998.
J. Biol.
Chem.
273:4323-
4328
u-PA PiG |S |G |R |S A S G Coombs et
’ al., 1998

In another preferred embodiment an oligo-ester domain could be
inserted between the first and the second domain This could be accomplished
using an oligo-ester such as cligomers of lactic acid.

5 Non-enzymatic degradation substrate can consist of any linkage
which undergoes hydrolysis by an acid or base catalyzed mechanism. These
substrates can include oligo-esters such as oligomers of lactic or glycolic
acid. The rate of degradation of these materials can be controlled through

the choice of oligomer.
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u- PAPGSGRT | ASOCoonbs et al., 1998 In another preferred enbodi nent an

ol i go-ester domain could be inserted between the first and the second
dormain This could be acconplished wusing an oligo-ester such as oligoners of
lactic acid. 5 Non-enzymatic degradation substrate can!8dHNit5 of any

| i nkage which undergoes hydrolysis by an acid or base catal yzed nmechani sm
These subggpak®s can i nclude oligo-esters such as opiggyiBNHsIsOf | actic or
glycolic acid. The rate of degradation of these naterials can be controlled
through the choice of oligoner. 24 1 9 JUN 2006 WD 03/052091 PCT/ U502/ 41114
D. PTH The term "PTH' P43 used herein includes the human sequence of PTH

1-84 and all trunqﬂgtgrgq“Pqﬂdmhgds%&gﬂnﬂ%e%%ﬁggﬁg%?% e’ TH whi ch exhi bi t

bone formation ‘{)ropertl es_when covalently ] degr adabl e natural or
5 synthetic nab4ndel rumppted, modifier and alietie vesdiony of RithybiclogxhidbtH are PTH 1-38, PTH

1-34, PTH 1- agon@forrﬁ’a-ﬂﬁhﬁm%aﬁesWﬁm@ﬂ&ﬁ?ﬁdhﬁ&imib%dg)&ﬂaﬂléﬁﬁnml%}ef erably, the PTH

is human PTH, although PTH _from ot her sources, such as _bovine PTH  may be
sui t abl e. >Met Hogeh op$ FEtesH aycatrd vermons of FRH aseBEH P8 BTHact i ve factors 10
I n one pref er1-84) PEHN G ioNETH 1-ENrMbsoprefepd inbTION-30f Profefdbiyl é t hin the matrix,

the matrix i des filrin. whi is farmed fromfibrin n, a calcium

sour ce and t%ﬁﬂn"fr{gﬂﬂg°ﬁﬁ{|@% eb%"b‘f%ﬁ@’%ﬁ?"“ﬁ‘ﬁ?ﬁ’corporat ed within

fibrin duri ngmaozgutsglei on. PTH fusion peptide is designed as fusion peptide
whi ch i ncl ude tW°{‘fl’g{zg"fPF*'C"ZPJ""Eoﬁt"r%‘h&g?%ﬁ?@?feﬁ%g‘ﬁg”e dormai n, the second

15 one, is a subs or @ crosslinking e has Factor XlIla.
Factor X0 la is & enegmigrdeeheflimentdoninpgrpotationaf e PYHE withinithey coagul ation. This

enzynme, for nRgifalelhaib HclidePMBrinhicA s fdel FOM F6iRBMAE Baldi¥m t NT ONDI N,
nCL o0 L ik Sl i P e b b Sepshd s o 1<20°%; o e
functions to f&inafuficddagulabie PAHTasicheeptideisfdedignedastiidnigptideagul ati on, e.g. the
cell attachmep .ch%(i:hg&%g&o%, ded. they | ne ude adf actor Xl lhla too.
Specifically the sequence ﬁ@é%ﬁﬁm%/@ﬁr@ %B’er\f&e TB?“,” A8 Y éen denonstrated to
functi on 18s aone, is a substrate for a crosslinking enzyme such as Factor XIla. Factor
XITIa is a transglutaminase that is active during coagulation. This enzyme,
formed naturally from factor XIII by cleavage by thrombin, functions to
attach fibrin chains to each other via amide linkages, formed between
glutamine side chains and lysine side chains, The enzyme also functions to
20  attach other peptides to fibrin during coagulation, e.g. the cell attachment
. sites provided they include a factor XIIla too. Specifically the sequence
NQEQVSP (SEQ ID NO: 16), has been demonstrated to function as an
effective substrate for factor XIITa. As described herein before it is either
directly linked to the PTH or it can include a degradation site between the
25  PTH (first domain) and the NQEQVSP (SEQ ID NO: 16) sequence (second
domain). As such, the PTH fusion peptide may be incorporated within fibrin
during coagulation via a factor XIlla substrate.

Design of fusion proteins for incorporation
The PTH fusion peptide which includes a first domain including the
30 PTH, a second domain including a substrate domain for a crosslinking
enzyme and optionally a degradation site between the first and the second
domain can be incorporated into the fibrin gels using several-different

25



effective substrate for factor Xlilla As described herein before it is either
directly linked to the PTH or it can include a degradation site between the
25 PTH (first domain) and the NQEQVSP (SEQ I D NG 16) @rz@ge (second

dormai n). As such, the PTH fusion peptide may be incor por wWithin fibrin
duri-ng coagul ation via a factor XMa substrate. Design of fusion proteins for
i ncor.por atw@tsethe PTH fusi on peptide which includes peiwgosiizdomai n i ncl udi ng
the 30 PTH, a second domain including a substrate domain for a crosslinking
enzynme and optionally a degradation site between the first and the second
domai n can beschemes rRseferabl the sesomsl domein fricludéss tgesghrtaginiapgy sever al - di fferent 25
10 JUN 2006 %@i@é&g&f@% 1 i B& to ferably the second

donmi n i ncl udes a transgd ut am nase sSubstrate gom&u n and even nore

pref erabl y i tsubsHete deraain. Mosipreferpblydhe Fagtor Xlsspbsiratedefasimi n.  Most preferably the

Factor XlI| aMENQEQVQPMUDNOWb)UWﬁ&m%Emﬁ%EQdMSNO 16). Wen this
PTH f usi on g pg{ esent, Dd# .the polynerjzation of the fibrinogen,
P ENg thrPolymegeatip

i.e. duri r?g f qg?”x‘e frmedorgation of | v i ncor por at ed
into the mat rmeﬁbrmh&nﬂeghaidadﬂwm@mm&hammﬂnihe first and the second

domai_n of the PTJI‘L &Je% t10 |de enn.lgan&ﬂe enznxgam‘ fdgegradatl on site as

descri bed preV|ous era egra ation I's cl eavabl e by an
enzyne 10 seI%MOﬁmdqcmbw@mmliwmkmm n and matrix

met al | opr ot ei PAKRsly. lﬁé@eﬁﬁyg@u&g’aﬁg{ ﬁgﬁté@ﬂea%blﬂ%%%gzﬁﬁﬁac of this enzymatic

degradation site, radation cou be controll to occur either before or
af ter thelopro‘lelﬁft?flff% BRuReRaFising piplasmin and matx setflompteipase.di ssi ni | ar enzymes

to degrade t@ycafmﬂeueeuommﬁtﬁmmaﬂtﬁseimﬂiucfaégx&daeomgr adation site being
tailored for ach 15 t ‘ﬁ% of roteln 'rb%D l1cation. This PTH fusion

pepti de coul %dsmf"ic}‘ﬂf OF T EBlR natrix as descri bed
above. Fbmevemmmd&obpmﬂmhgmg:ﬂamassmmenzmete@dmﬂhen site alters the

rel ease of thg | leaglerived proteases
reach the sequegger egg %%%&%%%%é%ﬁmt%p an ceﬁgaveqt he engi neered
protein a th@q@m@ﬂmmnd%%bﬁmmmeeoﬂﬂweb’ul ting degradation
products WOU'éods-'ﬁﬁllekl‘ﬂﬁoﬁ@ﬁbnﬂd&%(étd%@nﬂ%]libov@m&%vwm d now be nearly free of

any engi neered fusion sequences, as well as any degraded fibrin.
incorporating an enzymatic degradation site alters the release of the PTH

during proteolysis. When the cell-derived proteases reach the sequestered
fusion peptide, they can cleave the engineered protein at the newly formed
20  degradation site. The resulting degradation products would include the
liberated PTH, which would now be nearly free of any engineered fusion
sequences, as well as any degraded fibrin.
IL. Methods of Use
The matrices can be used for repair, regeneration, or remodeling of
25  tissues, and/or release of PTH, prior to or at the time of implantation. In
some cases it will be desirable to induce crosslinking at the site of
administration to conform the matrix to the tissue at the implantation site. In
other cases, it will be convenient to prepare the matrix prior to implantation.
Cells can also be added to the matrix prior to or at the time of
30 implantation, or even subsequent to implantation, either at or subsequent to
crosslinking of the polymer to form the matrix. This may be in addition to or

26



1. Methods of Use The matrices can be used for repair, regeneration, or
renodel ing of 25 tissues, and/or release of PTH, prior to or at the tine of
inplantation. In sone cases it will be desirable to induce crosslinking at
the site of admnistration to conformthe matrix to the tissue at the
inmplantation site. In other cases, it will be conveni@ngm\{]m?repare t he
matrix prior to inplantation. Cells can also be added to the matrix prior to
or at the ¢t 30 inplantation, or even subsequenf to [nplantation, either
at or subs&e] t@"ﬁ@&to crosslinking of the polymer to F%W"Jt"ﬁg“rmtrix. Thi s may
be in addition to or 26 10 JUN 2006 WO 03/ 052091 PCTI US02/ 41114 in place of
cross! i nki ng i BRceBRbrbdstnidry thY RAHER prodh@iéritibiApackRAEHHEa hesi gned to promote
cell proliferation gr |, -%rovvt_h. Al t hough in nost cases it will be desirable
to inplant tt?é"q‘fﬁ"t‘feﬁﬂmi’gm PR IE™el | growth or proliferation, in some cases
the bioactive fachmlioaghinlost chsebi wilbidiediable Rdiinplhdt telutbabe of cel |

proliferation., A.specifi,c a ication is t i.nhibit the formation of

adhesi ons fol r%n\}ﬁten%ﬁ l??"&ecfrypd%k‘ifa%%%%ﬁlgcﬁs PIETLEEE Y the preferred
enbodi nent, tHessadud iphibisithe rate efetll wroliferationi Awpdcificepplioationisdo body. | n anot her
enmbodi-ment t hg.xpg Ao 2nd ] the body and 10 then applied in
the preforned s ape.0 e %tflsﬁ%ﬁoﬁa B&n be made from synt hetic or

nat ural pr ec Uik dMethodapOhpnlication| r r espective of the kind of precursor

corrlp_onetn_t uselgl,tth mﬁr?&k&ggbo%ﬁéﬁagjﬁgﬁm@ﬂ%@umn?@uﬁ%@g@{ ed prior t? t
application q e mxture to the ho o_prevent conbjnation or contac
with each ot rh@f‘%dﬁawh%m@ﬂ%%eW%waﬂw@ﬂ&#%&w% or 15 gel ation of
t he conpanenttken apflief) inaepéfonRa slpé. The mafrix natefisl Rbbeghadatrb@n, a kit which
separates the ctg%%rsga 'Iaqn%m}‘rgo(r)(r:no e%geqnso her mn‘%\gfag .ug(e)p. Upon m xi ng under
condi tions that al | ow poPyrrerl Zaton, conmpositions forma bioactive
factor suppl emremtsertompanes ustid theprearat compensass khoulbbpeamatitedy on the precursor
conponents anﬁﬁo%ﬁ%tyﬂﬁcﬁﬁﬂsﬁﬁéﬁﬁ%%%eb%i’thbx@%n?&ﬂxb&ﬁ&dﬁrorquas! 20 _

i nstantaneously after m xing. Such fast Hl?el | ation, mekes injection, i.e.
squeezi ng of %oREctYEh pash otheriuadsr spoditiopsybng AU ROIISTEAEER Oin needl e, al nost

i mpossi blig. | Ri@acoraFkedpdems. ToRevem komtatt privr o@fMBGtrhion M i bri nogen.

which separates the compositions from each other may be used. Upon

mixing under conditions that aliow polymerization, the compositions form a
bioactive factor supplemented three dimensional network. Depending on the
precursor components and their concentrations, gelling can occur quasi-

20  instantaneously after mixing. Such fast gellation, makes injection, i.e.
squeezing of the gelled material through the injection needle, almost
impossible.

In one embodiment the matrix is formed from fibrinogen.
Fibrinogen, through a cascade of various reactions gels to form a matrix,

25  when brought in contact with thrombin and a calcium source at appropriate
temperature and pH. The three components, fibrinogen, thrombin, and the
calcium source, should be stored separately. However, as long as at least one
of the three components is kept separated the other two components can be
combined prior to administration.

30 In a first embodiment fibrinogen is dissolved (which may contain
additionally aprotinin to increase stability) in a buffer solution at
physiological pH (in a range from pH 6.5 to 8.0, preferably from pH 7.0 to
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Fi bri nogen, through a cascade of various reactions gels to forma matrix,

25 when brought in contact with thronmbin and a cal ci um source at appropriate
tenperature and pH The three conponents, fibrinoger hEro in, and the

cal cium source, should be stored separately. Howeve 61 il ng as at | east
one~-of th conponents is kept separated the conponents can
be .conbiﬁgﬂﬁgéﬁﬁr to admnistration. 30 In a firstqg%@%gkﬁght fibrinogen is
di ssolved (which may contain additionally aprotinin to increase stability)

in a buffer spf)uhd Sdteddeparfiély b b Scirtioa bf Bidmbin'in @cdldgenld#aem pH 6.5 to 8.0,
preferably frgo

H7.0to.27 10 N 0 031052091 PCT/ US02/ 41114 7.5)
and stored sebﬁgmgf'é'lC)?nﬁeptﬁaﬁ?lhr%logg?%ﬁgt?f%moﬁ%? Hfﬁf%ﬁma’“%l ci um chl ori de
buffer (e.g. foohegbrinogeicarberahisgjénobuffer ohitiddat b grefeed) . The buffer sol ution

for the fibri . i st di u solpution at a preferred
concentrat i on&’g%ﬁ%&%%#g%?ﬁnﬁil ngggaidglgﬁf@gfrl\qfaa ht/aﬁﬁ "“gt a preferred 5
concent r abi orcopgenttasion pfVi56 MM @R TBIH bifffersalinepiefemblypt fopcentidtionat a concentrati on
of 33mM. In &ipnpherred enbodinent, a 1dt, which contains a fusion protein,
fibrinogen, thronbin, and a calciumsource, is provided. Optionally, the kit
may contain a cro¥stArefRared gmbetimend a kify ptichcontpines fysiongretein, The fusi on protein
10 contains afitkin6Re, thré@bin Al ©Ealcidn SRS tif Bb A0 OBdidhaliythe Rit Cr 0SS| i nki ng enzyne
and a degradation site, between the s shre,?ﬁg _&?% and bioactive factor.
The fusion pPotEMADASTHEkDE B such asiapt heEPFPBMPRSYR_N or the thronbin
sol uti on.10l n @niinged bipactivk fecrpaiiubenate dothen for b rrossihiking canimétandn cont ai ns t he
fusion proteify, aﬁIDSte%QMéédtﬂé‘s%Bs%édQJ]ﬁi%{d%Pdaﬁij}aé%g ﬁ,}é a two way syringe
device, in I m XI'ng occurs by squeezing the contents of both syringes
t hrough a i Sepipmpreteia s be prpsdntan eitherdtbl fbrinpaen orthesthepmibin mi xer. In a preferred
enbodi ment bogomﬁsﬁ.%hﬁg&ﬁedaﬁuadﬁdaﬁtmben@ge@s&;tﬁﬁs‘&m@%arately in _
| yophi |l i sed f%,m Either of the two can contain the fusion 20 protein. Prior
to use, the I'"EBPR; stidine buffer is added to the fibrinogen, the buffer
may addi tusonal | y Thedohitionsaperppdférsblymixddiey d tyo piay hyriagetitg, @bi n i s di ssol ved
in the cal cium.chl oride | ution. .Subsequent .the fibrinogen and the
t hrombi n sol ut ghn[gmélgémbl%%&sﬁ“"f'" gs‘,he“ﬁa‘?*%‘{ eo(%cr'}%th#ﬂnﬁ%sﬁhsrf\lﬁggl s/ syringe bodies
mixing chamber and/or needle and/or static mixer.

In a preferred embodiment both fibrinogen and thrombin are stored
separately in lyophilised form. Either of the two can contain the fusion
20 protein. Prior to use, the tris or histidine buffer is added to the fibrinogen, the
buffer may additionally contain aprotinin. The lyophilized thrombin is

dissolved in the calcium chloride solution. Subsequently, the fibrinogen and
the thrombin solutions are placed in separate containers/vials/syringe bodies
and mixed by a two way connecting device, such as a two-way syringe.
25 Optionally, the containers/vials/syringe bodies are bipartited thus having two
chambers
separated by an adjustable partition which is perpendicular to the syringe
body wall. One of the chambers contains the lyophilised fibrinogen or
thrombin, while the other chamber contains an appropriate buffer solution.
30 When the plunger is pressed down, the partition moves and releases the
buffer into the fibrinogen chamber to dissolve the fibrinogen. Once both
fibrinogen and thrombin are dissolved, both bipartite syringe bodies are
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and m xed by a two way connecting device, such as a two-way syringe. 25
Optionally, the containers/vials/syringe bodies are bipartited thus having
two chanbers separated by an adjustable partition which is perpendicular to
the syringe body wall. One of the chanbers contai ns]BthNl?g@phi i sed
fibrinogen or thronbin, while the other chanber contains appropriate
buffer solution 30 Wien the plunger is pressed dowperibBsAadtition noves
and el ea®@PRE! puffer into the fibri nogen chanber to di ssol ve the
fibrinogen. Once both fibrinogen and thronbin are dissolved, both bipartite
syringe bodi etfachedsto 28wd Gayldohhe2th@ Bewi® a0B1he &Gk afe@iteBb$02/ 41114 attached to a
two way conn J i . b cILS i . by squeezing them

t hrough t he %ﬁf&;@%%ﬁﬁ(%@gﬁg gﬁe{&gogﬁlg%ieto tﬁtg&)éﬁlg%é% Ing device. Optionally,
t he connect i ri§vigre\Qrtianally,thefoprecting devigeicentginsacstatic miNentoiropreve ni xi ng of t he
contents. 5 |hixdgBfied &nfed enbodi ment the fibrinogen is diluted eight fold
and thronbin is diluted 20 fold prior to mxing. This ratio results in a
gel ation >tine of TAREHEEd sebedmpenthe fbaneands dilied gightifoldand, of er red enbodi nent
the matrix i shbmbitilted 0 fld Hhoeth infixing) T Wb eésulGRpelEoh S capabl e of

under goi ng a MBCOQaeI a reaction. 10 Since the nucl eophilic precursor
conponent (th o P T FYeacts with the multi accept or conponent
(the conj ugat ed ulsatther ptefaired erobodiment; the mefris isfbimed frive syritiede conponent s whi ch

h t b t i . Is . b y t h
ave to be s ﬂ&%&gﬁ?&%\%&%ﬁﬁé df del-g&élghp Ge1 Bition rbifonP2S € €

nucl eophi | i ¢ ‘conpone N mul t1acCeptor conponent. Both the
mul t i accéft orSingsthempeleaphilie pregiirser copppnsal{ta muliithiolsenly testsadtha 15 sol utions in

buf fers. Bot hh&hultikiSepts? GRRonért AhbScofightel RMdatbfhted leRBpbdsic patt t achment site and
additionally p bi oactive bgcgll ecul e I%;JS the first ,L conposition of the

system can fo 8 FBTRIDSHF YRR YR SPRIFPILF PoR 0 mixie FEophi | i ¢ conponent
and t he seconile bBeyie auddéophiliofoniphnicyis the Multiateeptortompahentt he sol uti on of the
mul ti accept ory, co i t hoth of the 20 two conpositions can

i ncl ude the b%@gg%ﬁﬁgéﬁgﬁﬁgpg%ﬁ%{g&%ﬁ%ﬁn?mﬁgm%r‘ﬁrle%?saaccept or and the

mul tithi 65 caseluensinbrifigse Bothof thotappsitions eantitebidé thegell  conposition and the
second CONPOSjhipfantGRNandAGisthe fiEnidRSR motded e filul, Mk first

composition of the system can for example include the solution of the

i o

nucleophilic component and the second composition of the system can
include the solution of the multiacceptor component. Either or both of the
20  two compositions can include the base. In another embodiment, the
multiacceptor and the multithiol can be included as solution in the first
composition and the second composition can include the base. Connecting
and mixing occurs in the same way as previously described for fibrinogen.
The bipartite syringe body is equally suitable for the synthetic precursor
25  components. Instead of fibrinogen and thrombin the multiacceptor and
multithiol componeunts are stored in pulverized form in one of the chamber
and the other chamber containes the basic buffer.
‘ The following examples are included to demonstrate preferred
embodiments of the invention. While the compositions and methods have
30  been described in terms of preferred embodiments, it will be apparent to
those of skill in the art that variations may be applied to the composition,
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and m xing occurs in the sane way as previously described for fibrinogen.
The bipartite syringe body is equally suitable for the synthetic precursor
25 components. Instead of fibrinogen and thrombin théﬂdﬂNUﬂﬁcceptor and

mul tithiol conmponents are stored in pulverized formin one of the chamber
and-t he ot her chanber containes the basic buffer. The follow ng exanples are
i ncl uded two chasmmst rate preferred enbodi ments of t hECTV¥0EHI¥on. Wil e the
conposi tions and nethods have 30 been described in terns of preferred

enbodi nents, | aren tothoeof il]l in the,art that
vari ations ma e a w |e e?sor n%es(’?tm%(’f &Jf"%&jmedm% WO 03/ 052091

PCr | U80214111her¢mwhhmllsdwﬂrdnsﬁ:omthec@p@pspmirandspopehtzftlgeimgrme of steps of the
nmet hod described herein without departing fromthe concept, spirit and
scope of the invention. Exanple 1: Matrices containing covalently bound
TGPTH. 5 SynFH@BP‘%lN“WWHEEOW%PO'EQEGPG@ showing sinmilar activity
to the whod e prot gym,es,,qyd-gpygt eins of this length can be synthesized by

standard solid st t| de nt hesj s, met hods fides were
synt hesi zed on sofl’tr‘tﬁI ﬁpa%qdﬁémawga’&elw‘@%f &@eﬁﬁ?}wfa Bsynt hesi zer usi ng

standard 9-f| estmpeotihardthiylenpty@a bbxyniitsizedeystatary solid Bappegids wer e purified by

c18 chromat ogr ¥ ﬁgﬂ nal yzed using reverse phase chronmatrography via
HPLC to determ ne purl?y as well as mass spectroscopy (MALDI) to identify
the mol ecul ar wei gt peptidegzer sythselzed on solidgdsingsinpimsavtostatedd, t he fol | owi ng

peptide (fer aedyRhESAr s @ﬁnaaiﬁ@ﬂlafr& 2d:
NH3- Asn- 3 n- GII‘DEbtl yﬁﬂh'«)‘gxy‘((jxegh-gPr o- Leu- Ser)-I%Jﬂgyl&g?%’3{5&%}%‘H1 n- Leu- Met -

Hi s- Asn- Leu- GP§Riidsssvers Rurified bycd$,chrpmatqgeaph JG“G%WWP%G"GLS% p- Leu-
Arg- Lys-Lys- L@M&WM@M&%%&W&W 17) In vivo Results

T ssuooL(r)  mabepiReeap CHALh e ER e Mty g BT A GRS hol oot hat are 12
nm deep were (Hsmathﬁdnethndithefopqsmg peptidedlreckircie fotred tofae‘rﬂiﬁP'IHﬁ)j hunerus of sheep.
These hol gs V\%gsymhglﬁﬁi with an in situ polynerizing fibrin gel.

NH;-Asn-Gln-Glu-Gln-Val-Ser-Pro-Leu-Ser-Val-Ser-Glu-lle-Gln-Leu-Met-

His-Asn-Leu-Gly-Lys-His-Leu-Asn-Ser-Met-Glu- Arg-Val-Glu-Trp-Leu-

Arg-Lys-Lys-Leu-Gln-Asp-Val-His-Asn-Phe-COOH (SEQ ID NO: 17)

In vivo Results .
20 The activity of TGPTH for enhancing bone regeneration was tested in
a TISSUCOL® matrix in a sheep drill hole defect. Eight mm holes that are
12 mm deep were created in the proximal and distal femur and humerus of

sheep. These holes were filled with an in situ polynierizing fibrin gel.
Defects were left empty, filled with TISSUCOL® or TGPTH was added to
25  TISSUCOL® fibrin at 400 pg/mL before polymerization. In each example in
which TISSUCOL® was used, it was diluted four fold from the standard
concentration available, leading to a fibrinogen concentration of 12.5
mg/ml..
The defects were allowed to heal for eight weeks. After this healing
30  period, the animals were sacrificed, and the bone samples were removed and
analyzed by micro computerized topography (uCT). The percent of the
defect volume filled with calcified bony tissue was then determined. When.
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Defects were left enpty, filled with TISSUCOL(r) or TGPTH was added to 25
TISSUCOL(r) fibrin at 400 pg/ nL before polynerization. In each exanple in
whi ch TISSUCOL(r) was used, it was diluted four fold fl8altit2§gs st andard
concentration avail abl e, | eadi ng to a fibrinogen concentration of 12.5
mg/oL. The defects were allowed to heal for eight weeks. After this healing
30 period,wébmsami mal s were sacrificed, and the bonePSAFBY4vwer e renpved
and * anal yzed by mcro conputerized topography (uCT) The percent of the

def ect vol unmegdeldd v éfmjlg: %EM h det erm ned. Wien 30
10 JUN 2006 V\gﬂlbc%/ 0%2%&9 C%EES‘%J&? T 1(’:1{’31:‘%1(%: s were errpty, t here was
no formation fbrinapgtriy. fmowgﬁh@gﬁwﬁhbmwmﬁcncaﬁmnm x. WWen only a
fibrin gel wagoRUEHRE astWdB! RoWeier, RIRGL | oo¥f@wqﬁ’£rﬁgﬁ{' ng as well.

However, with the addition of 400 p , evel of healing

i ncreased dr aﬁaiqvéeﬂfheﬂqudm Eﬂﬁﬂlﬂhelde‘eldgﬁ%?vﬁ’/twﬂﬁ calci fi ed bone.
EXAVPLE 2:s Headidifi@d vbesponse with nodified PTH 1-34 attached to a fibrin

mat ri x Naterrﬁkiwl&e nmodi fied version of PTHL. 34 that can be incorporated
into a fibrin %ix wdealpgesponse pith mogified REH {34 aftached csponse in t he
criticial sizeafiirimnh#rikal defect. A fibrin gel was made from Tl SSUCOL(r)
Kit (Baxter AG %ﬂ&} ?‘ Vol ketswi | / ZH) fibrin seal ant precursor conponents.
The fi'bri nogen was difuted in sterile 0.03M Tris buffered sol ution CVB, pH
7.4) to forman 15’happ¢lﬁ9dmioeb§/PBhgdth&cwemcb@mdaﬂmdﬁrmm onbi n was

diluted iy st ghirkSvas ROMM LR Re ﬁéaﬁﬂétrésg&séﬂtﬁe‘%ﬁﬁa @é%%é‘}“‘?*ﬁ' ution. The final

concentration of fibrinogen was 1:8 original formul ati on (about
100nmg/ L) and defact.160 ori gi nal TISSUCOL(r) thrombin concentration (about

5001E/ ). A preﬁdﬁ&ﬁr Eﬂv&gﬂm@é’@dﬁﬂhﬁﬁ}ca@ﬂkCHDaItﬁ]A@”C}QEmIGDTHlaAf was then
added to E t hr nbr n, and m xed to form.a ormgenous concentration. To

formthe fr brr R PrecHIsQr GPEpnents, e HhENOgen Was get her by i nj ecti ng
the fibri nogemrutmlmst&neooawensmnaﬂrumﬁnm PHT O Wifdmahn case of the

15  approximately 8mg/ml solution and the thrombin was diluted in sterile
50mM CaCl, solution to form a 2U/mL solution. The final concentration of
fibrinogen was 1:8 original TISSUCOL® formulation (about 100mg/mL) and
1:160 original TISSUCOL® thrombin. concentration (about S00TE/mL). A
pre-determined amount of TG-pl-PTH;.a4 or TGPTH, 34 was then added to

20  the thrombin, and mixed to form a homogenous concentration.

To form the fibrin gel, the dilute precursors were mixed together by
injecting the fibrinogen into the tube containing the thrombin. In case of the
sheep drill defect (as described below) this mixture was then injected
immediately into a drill defect created in sheep cancellous bone, where a

25 ﬁbrin_ gel formed within 1-5 minutes. In the first series of animal
experiments, the efficacy of a fusion protein containing PTH;.34 as the
bioactive factor
AN QEQVSPLYKNRSVSEIQLMI—]NLGKHINSMERVEWLRKKLQDVHN
F, SEQ ID NO:18) in healing cortical bone was tested in a small animal

30 model. The sequence, YKNR (SEQ ID NO:19), makes the linkage plasmin
degradable (“TG-pl- PTH,.34). The TG-pl-PTH;.34 was made by chemical
synthesis. Purification was accomplished through reversed phase HPLC
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sheep drill defect (as described below) this m xture was then injected
imediately into a drill defect created in sheep cancell ous bone, where a 25
fibrin gel formed within 1-5 minutes. In the first dqrilgisypf ani mal
experinents, the efficacy of a fusion protein containing PTHL-34 as the

bi oaetive factor (NQEQVSPLYKNRSVSE Q.M—lNLGKHLNSNERVEV\LRKKL% HN F, SEQID
NO 18) i WHEARMg cortical bone was tested in a smald Anhet 30 model . The
sequence, YKNR (SEQ I D NO 19), makes the |inkage plasm n degradable

("TG pl - PTFQC%%Iunﬂ)SyﬂBﬁgﬁ'lTKEH&m%&mM&n%ﬂﬁm@M gheimpl  synthesis.
Purification V\@e}%ﬂ ﬁ%ﬁshed hrough_reversed phase HPLC 31 10 JUN 2006 WO
03/ 052091 PCH" N i P ef b YOwkPHisa"aFA as the counter ion
whi ch resultaﬁtetmﬂaitébdﬂsad pr oduct that was a TFA salt. The purity of the

TG pl - PTH . 34 was et.er m ned to b [ esponse was expl ored
at both short (3 \;\'h/é%f%‘ﬁn & SHEP T o °r E\“’Fqﬁg kf“%“&@é&) to deternine if
an enhancérrerhealmﬂtlmeaﬁlwwg:smo@htdmb@ﬁanlmhnwadntlﬂhetalmgdouﬁmal si ze crani al
defect Rats V@,‘ﬁ,egnaest hetized and the cranial bone was exposed. The

peri osteumon t outer surface of the craniumwas retracted so that it
woul d 10 not pl affatgritiedl &izd onanisldeferéal | ng process, and a single 8nm round

def ect was creat edﬂmmm&eﬁ%aﬁdggcmb%%ggxﬁgw trhd1as been previously
determ ned that def ects of 02812 E‘ger do nat spant aneously heal by

t hemsel ves, aRfHOSEYPLn e W&%‘Fﬁ@l fes retpgcted g thatdt wopld t hen fitted with
a preformed fnobplagnaromaﬁmeheanﬁpbr&daﬁ @0 ginple 96 radnd dved wao heal for 3 and 7

weeks. The defe e(—;;g_ﬁ)n Vas tse?:%‘f,ﬁaﬁ ant ed alngetanagxsed vi a radi ol ogy as

well as hi sto(fr ed at the 3 week
ti mepoint, htéatldefv@s Ofscwmbrelergmdgnmntaecqaslshm bycthemselveshatd observed with a

fibrin mat ri XﬂMSJMGESMMWMH%%%p%%@@ﬁ% an early tinmepoint

as ot her potent 20 nDrp ogens, I ncluding rhBwP-2, showed a strong healing
ef fect by 3 we#fxandth wasallewedioleabion] godJ “@F‘ﬁe@e §edfet TG pl - PTHLa4 was not
observabli@ atrepibh &as then explanted and analysed via radiology as well as histology.

Results

When TG-pl-PTHj.34 was studied at the 3 week timepoint, the level

of healing was very similar to that observed with a fibrin matrix alone. The
3 week timepoint was chosen as an early timepoint as other potent

20  morphogens, including rhBMP-2, showed a strong healing effect by 3 weeks.
In contrast, the healing effect for TG-pl-PTH{ 34 was not observable at this
early time point. However, when the longer timepoint (7 weeks) was
analysed, a moderate dose dependent improvement was observed in the
healing in the critical size rat cranial defect with the addition of modified

25 PTH;.34 to fibrin matrices. The resulis are shown in Table 3. When the high
dose of modified PTH).34 was employed, the healing response increased by
65%.
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early tinme point. However, when the |onger tinepoint (7 weeks) was analysed,
a noder ate dose dependent inprovenent was observed in the healing in the
critical size rat cranial defect with the addition of nodified 25 PTH .34 to
fibrin matrices. The results are shown in Table 3. When the high dose of
nmodi fi ed PTHI -34 was enpl oyed, the healing response inidf ¢éd6éiifby 65% 32 | O
JUN-2006 WO 031052091 PCTI US02/ 41114 Table 3: Healing response in the rat
crani-al de¥e@OsMt1t h nodi fi ed PTH Sanpl eDose (sg/ nlL) TRGRUSPPEAYPS) Heal i ng (%
defect filled with bone) Fibrin06338 TG pl-PTH .34106343 TG pi - PTH1- 342006350
TG Pl PTH . 3420083081 Rfinka tl'rit SRIMIBALANE difficafign PTH - 34 when it i

incorporated into.a frbrin matrix 1t retai sone_activity as evidenced by
t he nodest i nt#Pse in | PoprduembhrinafimsDaysh eeleadiosn@s defst ect TG pl - PTHI - 34
was tested ag well in g |ong bone (defect nodel gy @sdone)t he effect of this
hor nrone on hegl+- - i 8mm cylindrically
drill defects ' PHAt werd apprdxi matlely 1% mm deep wée 10 placed in both the

proxi mal and Géiil-lﬁ'l—l{;@ I on ofp the [fenurezand humeruss bones. Since the defect
was placed i n=iF rsts--of—t-he—tongbenes—the_defect was surrounded by
trabecul ar boh %4 thin p%y of coftical| bone 58t the rimof the defect.

These def ect 3TGal-€THeN fi | 156@ vm'th an éin situ polegnerizing fibrin (about
750 L) that centarted—vartotus—doses—of—F&pt—1t5—PHw34—of TGPTHL. 34. Aninal s
were allowed to heal for eight weeks and then were sacrificed- The defect
was anal yzedThase tesully depmubstiatestha wbemP TH; fzovhen Hisdncompoiaed inbfa experi nents, three

types of conpAg] hikh% MEEEoEShERY asEliishked b Fethod s tested over a
| ar ge concentratllilon range. ’ Secgﬂydﬂs an%t -kil;er I giﬁ%%eﬁ?m. 34, TGPTH -34 20

( NQEQ\/SPLSSVSE‘PDQ_‘WHP\W_‘BI CHLNSMERVEWL RKKL QDVHNF;
Sheep bone drill defect

TG-pl-PTH,.34 was tested as well in a long bone defect model to test
the effect of this hormone on healing bone. In the sheep drill defect model,
8mm cylindrically drill defects that were approximately 15 mm deep were

10  placed in both the proximal and distal region of the femur and humerus
bones. Since the defect was placed in the epiphysis of the long bones, the

defect was surrounded by trabecular bone with a thin layer of corticel bone at
the rim of the defect. These defects were then filled with an ir situ
polymerizing fibrin (about 750 pL) that contained various doses of TG-pl-

15  PTHj.34. or TGPTH;.34. Animals were allowed to heal for eight weeks and
then were sacrificed. The defect was analyzed with uCT and histology.

For this series of experiments, three types of éompositions were
tested. First, TG-pl-PTH;.a4 was tested over a large concentration range.
Secondly, another modified PTH;.34, TGPTH, 34 .

20 (NQEQVSPLSVSEIQLMHNLGKHLN SMERVEWLRKKI.QDVHNF;
SEQ ID NO:17) was employed that only had a transglutaminase sequence at
the amino terminus, without a degradation site. Thus, TGPTH|.34 could only
be liberated by degradation of the fibrin matrix itself. TGPTH.34 was
produced and purified similar to TG-pl-PTH,.34. Purity was determined to be

25  95%. TGPTH,.a4 was tested at several concentrations that were similar to the
concentrations of TG-pl-PTHj.34 to comipare efficacy. Finaily, matrices were
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SEQ I D NO 17) was enployed that only had a transgl utam nase sequence at the
amno term nus, wthout a degradation site. Thus, TGPTHI -34 could only be

| i berated by degradation of the fibrin matrix itself. TGPTHI -34 was

produced and purified simlar to TG pl-PTHL. 34. Purity; rzl ermned to be
25 95% TGPTHI -34 was tested at several concentrations re simlar to
the “concentrations of TG pl-PTH .34 to conpare efficacy, Finally, matrices
were 33 10798505%%06 Wo 03/ 052091 PCTI US02/ 41114 nadegﬁ?'r‘i'ystoﬂ‘l:"gresence of
granular material, wth either TGPTH -34 or TG Pl - PTHla4. The granul ar

mat eri al was nadesindmwgnsdaceoﬁgmhbimmﬂapmpiﬂmeM&meﬂmi te m xture which

was enbeddedp f] EE& he effect of adding these
granul es on the”éf acmﬁ?ggﬂ-&&(ﬁ tb plored. As a control, unnodified
fibrin was t@hqseutdhym@mtwwwhwgﬂbe@mm@dmmdmmm 34 nol ecul es was
placed in | OﬁaanoQO@ﬁ‘eéh‘é&%%&mg%s@é@ﬁ'ufeé&?tﬂéefﬁ&@imﬂtwak n the healing

response vvas bserved over the_use of fibrin natrices (control) al one. Use
of fibrin al Gﬁé" Asgsoptrobammpdified fibrip wesdtegtedn g where only 20% of the
original defect wWegulsi|led with newy formed bone. TG pl-PTHL 34, was

tested in a conc rat aneser | 1 or each dose tested, a
si gni ficant increda® ShEchE eﬁ‘egﬁedr%ﬂné‘ (Beﬁggsw‘ﬁ/g@g%ﬂ'ég%ed For exanpl e,
when 100 g/ n1bonﬁdefﬁ®s,plﬂgﬁfﬁbm®¢rmemrmehhheaﬁb§r¢sm¢ml ing rate was increased

to al nost 60% Eé,gi S&E 00 s Bfkd r ggrﬁ £ i 34 was tested. The
use of TGPTI? aeso |9ncr ease ai|°ng 8r b(?;yrr;% e, the use of 400

g/ mL i npPov &efulicddn idehqaling, Wb@b@ﬂlﬁé@%‘(f defeto@ofiled/ nl i ncreased bony
healing to G%Enlﬂggomgmgonaddr tion of either nodified PTHL. 34 sequence 20

resulted in a str er eal ing response than th control Finally, when
ei ther nodified —Q’Eﬁbl"‘@% ‘&g%‘mF‘inHmé‘Hs‘F‘Ss #2040 i x and a

granul e/ ”Str"’ﬁ’“!‘n moué@hmsgasmhﬁmﬂcmﬁmmﬁﬁm&%@fesﬁohﬁ Pg:-ﬂ ;:4 was .
mai nt ai ne Thi s, was. teste or PTH1 see Table 4) as we
as TGPTHL. 34 “{asabseryed, Far gsamplszrwhf% mgﬂ%%éfﬁpl-l’ma e e,

15  the healing rate was increased to almost 60%.

In a second series of experiments, TGPTH; .14 was tested. The use of
TGPTH).34 also increased bone heali!-lg. For example, the use of 400 ng/mL
improved the bealing response to 40%, and 1000 pg/mL increased bony
healing to 65%. Thus, the addition of either modified PTH; 34 sequence

20  resulted in a stronger healing response than the control.

Finally, when either modified PTH,.s4 molecule was linked to the
matrix and a granule/matrix mixture was employed, the efficacy of the PTH;.
3¢ was maintained. This was tested for both TG-pl-PTH;.34 (see Table 4) as
well as TGPTH,.34 (see Table 5).
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TG pl - PTHI . 345031, 3 TG pl- PTH -3410059, 7 TG PI - PTHi - 34301UN32[][]5
TG pl - PTH1_34100077 TG pl - PTHI -34 40068 400TCP Tabl e 5: Healing of a sheep
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TG-pl-PTH; 34

1000

77

TG-pl-PTHI.34
400TCP

400

68

Table 5: Healing of a sheep drill defect with PTH,.34 bound to a fibrin
matrix; Healing time 8 weeks

Sample

Dose (pg/mL)

Healing (% defect filled with bone)

Fibrin

0

20

TGPTH]_34

400

40

TGPTH;.34

1000

65

TGPTH; .34
400TCP

400

71

10

15

Histological evaluation showed high infiltration in the original defect of
spindle and osteoblast progenitor cells supported on an extracellular matrix.

Active osteoids with large rounded osteoblasts were common, and signs of
endochondreal ossification (chondrocytes) were observed. By eight weeks,
osteoclasts and healthy signs of remodeling could be found. But unlike the
results obtained from continuous exposure to systemic PTH, no overt

response from osteoclasts was observed and new bone formation was
significantly greater than absorption in and around the defect area. No

foreign body inflammatory response was detected (i.e. no giant cells and

only mild monocyte presence). Granules were still present in samples with
added mineral particles.
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WO 03/ 052091 PCT/ USO2/ 41114 Exanple 3: Preparation of precursor conponents
for synthetic matrices. Preparation of PEG vinylsul fones Comrercially

avai |l abl e branched PEGs (4arm PEG, nol. wt. 14,800, 5 4armPEG not. w.

10, 000 and Bann PEG nol. wt. 20,000; Shearwater POllymerS’ Huntsville, AL,
USA) were functionalized at the OHterm ni. PEG vinyl & VN WBs wer e pr oduced
under argon atnosphere by reacting a dichloronethane solution of the

precur sor Wsnisgses (previously dried over nol ecul arPE{UsQ@REN4 \wi t h NaH and

t hen, "after hydrogen evolution, with 10 divinyl sul fone (nolar ratios: CH 1:

NaH 5: di vi nEkgiipié ®:neprepyratio s pr2i@bs @hponvats fiyhinege OUt at room tenperature
for 3 days under argon with constant stirring. After the neutralization of
the reacti on"’?ﬁ? ‘ifon with concentrated acetic acid, the solution was
filtered through Prepamrionft REG-eindaulfoneshe derivati zed pol yner was isol ated by

precipitation ip_j . Mol P& e_pr was redi ssolved in
di chl or onet hanee%%@&?ﬁe‘%)rag%ﬁiﬁl?t%%%%ga in (ﬁaﬂ%?ﬁ@rrg@h‘gg%%&% h t horoughl y washi ng)
two tinmesSt o4eayiidemal wt. 00Wend Bapn PEMymel Wi 204000; Shieariteyy, t he product was

dried under yaGubEudi3Gle, AE! VYA defdhRniE «L@POHLEREW th 1H NVR - The
product showed characteristic vinyl suifone peaks at 6.21 ppm (two

hydr ogens) and ¥§CaRyLHfenss ™ers Reodprsd insgreamson atmoaphgrsdy &ctis 2end gr oup conver si on
vvasdf ougd tgdbmommnesaﬁﬁﬁaf&&bﬁmb £ pdiymtersXp ﬂ’eﬁb&l}&ﬁ'ieﬁ’aﬁr_acr%’: at SS' vvgre |
produced under_ ar,gon _atm r reacting an .azeqtropically dried tol uene
sol uti on of H?@B?‘é%&?ig&slg%ﬁiﬁ&%%qw&aﬁw‘g%m oride, in presence of
tri et hyl am ndeivinyishifane (nxtlar ogios: OH 1: NaH Sr ditioydulfodel 50). THeredfio?: tri et hyl am ne
2.2). The re i i j 'Q? i E'Pthe dark at room
terrperature.%_%gg&%fﬁﬁg?%}ﬁyémeﬁ%%o qﬁlgg%%v\tgg& ITtered through a

neut ral al unistiaing ddier the neairalizstiop of the teastiondolutipewitlhopeantrated he reacti on product

was di.ssol vedcdi add, it sQliuiiRia0 8kted MBS Hpey indtil iR €he dried over sodium
sul phate and f)r_e(;i pitated in COI% di?t?%yl et hgr. ,Yieel d: 88% 30 conversion of

OH to acryl atdgRvaizsgoplymer 3is ipplatry by Prsripitadon &y ice qoldligthyletse13) . 3.6 (341H (14800
4darm 3375 t ITReproguct wadPedissdHdtn dieHldtometiZad idirdpp@ipitited @ 210H (20000 8arm 227H

oot ) PRl AR hens i) oo Bk s SO OHC) 5.8 (dd, 1K
divinylsulfone. Finally, the product was dried under vacuum. The
derivatization was confirmed with '"H NMR. The product showed
characteristic vinyl sulfone peaks at 6.21 ppm (two hydrogens) and 6.97 ppm
20  (one hydrogen). The degree of end group conversion was found to be 100%.
Preparation of PEG-acrylates
PEG acrylates were produced under argon atmosphere by reacting an
azeotropically dried toluene solution of the precursor polymers with acryloyl
chloride, in presence of triethylamine (molar ratios: OH 1: acryloyl chloride
25  2:triethylamine 2.2). The reaction proceeded with stirring overnight in the
dark at room temperature. The resulting pale yellow solution was filtered
through a neutral alumina bed; after evaporation of the solvent, the reaction
product was dissolved in dichloromethane, washed with water, dried over
sodium sulphate and precipitated in cold diethyl ether. Yield: 88%;
30  conversion of OH to acrylate: 100% (from 'H-NMR analysis)
'H-NMR (CDCl3): 3.6 (341H (14800 4arm: 337H theor.), 230 (10000 4arm:
227H theor.), or 210H (20000 8arm; 227H theor.), PEG chain protons), 4.3

(t, 2H, -CH,-CH,-0-CO-CH=CHy), 5.8 (dd, 1H, CH,=CH-COO-), 6.1 and
36



1 B JUN 2006 WD 03/052091 PCT/US02/41114 6.4 (dd, 1H, CH =CH COO-) ppm FT-1R
(filmon ATR plate): 2990-2790 (u GH), 1724 (u G-0O, 1460 (u, CH2), 1344,
1281, 1242, 1097 (umCGOC, 952, 842 (u, GCOC cm1l. Peptide synthesis 5
Al'l peptides were synthesized on solid resin using an automated peptide

synt hesi zer (9050 Pep Plus Synthesizer, MIlipore, Fra 'Jpjghm’@ USA) with
standard 9-fl uorenyl net hyl oxycar bonyl chem stry. Hydrog]hobi C scavengers and
cl eaved protecting groups were renoved by precipitation of the peptide in

col d.-di et h}YP "%‘FFPég and di ssol ution in deionized wat ePCVRYEY yophi | i zati on,
10 the peptides were redissolved in 0.03 MTris-buffered saline (TBS, pH 7.0)
and purifi ed asidad HHPHECHEYa0@) ppmM | f ord, USA) on a size exclusion colum

with TBS, pH @ 1 I er-. i x-far on by conjugate

addi tion reac%%n@ﬁ%m SH' ?@893%{(3 Cf@%ék%?/—@b{r@%%t e addition with a
pept i de- | i k@), 18441781 d3phil 0% (punG-QuCPER2, P42k 680D mmilgat ed unsat urati on t hat
al | ow proteol yti cp&gwsy,,m ation The synthesis of gels is acconplished
entirely through Mchael-type addition reaction of thiol-PEG onto

vi nyl sul f 8ne- f uit PePHdies ez syntissizsd oo solid resin using ag @fpmated pRREISE on pepti des were

at tached pendigithdsizer((S059 Pe P16 abbsie Millip6) FlaHEXeRUBGAH2 (SEQ | D NO. 20))
to a nultiar g?agd%%ﬁpﬁ/r%{} | uk%{gﬁr;&g%?&%?%h 3?(1 ) r_g%g‘ge?lgelrr%was cross-1linked
with a dithiofl- .g. U

Ac- GCRDGPQGL 4z EIRG& pridelding StoGpsivisre&nov2d by predipitationtof phie pegtidgel preparation for
3-di nensi onal,_ | Ak L j . dar.m P L.ny f .ol . wt. 15000) was
di ssolved in %@g%&&ﬁﬁiﬁ#gjrsg%%%dg%ﬁ;g%%t%ﬁeg!ye% Bvo (ww) solution. In
or der t o10r erfbrpeptdes were eadjssaligh ans)-Q3aM Trigrbuffgred sadiny @B SppihfOe Ac- GCGYGRGDSPG NH2
(SEQ I D NO 2 priREBsilHIF1RY OWatns: SRRl @A) 6h 4 eSxgfidl | On. The adhesi on

peptide was al]lowed to react for 30 mnutes at 37C. Afterwards, the
crosslinker FefmnyathABS eERH ks Wesisdeien-e (SEQ 1D NO 21) 30 was nixed with

t he a_bove sol ut i oMaBBGorpflkion w@_ugymm;} ;@Q;o,,_;l'he gel ati on occur ed within a
e ot SR ob S AR T5fALEAGY 01 T one v
15  nucleophile and a PEG-linked conjugated unsaturation that allow proteolytic cell
migration
The synthesis of gels is accomplished entirely throngh Michael-type addition
reaction of thiol-PEG onto vinylsulfone-functionalized PEG. In a first step,
adhesion peptides were attached pendantly (e.g. the peptide Ac-
20  GCGYGRGDSPG-NH; (SEQ ID NO: 20)) to a multiarmed PEG-
vinylsulfone and then this precursor was cross-linked with a dithiol-
containing peptide (e.g. the MMP substrate Ac-GCRDGPOGIAGFDRCG-
NH; (SEQ ID NO: 21)). Ina typicai gel preparation for 3-dimensional in
vitro studies, 4arm-PEG-vinylsulfone (mol. wt. 15000) was dissolved in a
25  TEOA buffer (0.3M, pH 8.0) to give a 10% (w/w) solution. In order to
render gels cell-adhesive, the dissolved peptide Ac-GCGYGRGDSPG-NH;
(SEQ ID NO: 20) (same buffer) were added to this solution. The adhesion
peptide was allowed to react for 30 minutes at 37°C. Afterwards, the
crc;sslinker peptide Ac-GCRDGPQGIWGQODRCG-NH, (SEQ ID NO: 21)
30  was mixed with the above solution and gels were synthesized. The gelation
occured within a few minutes, however, the crosslinking reaction was carried

out for one hour at 37°C to guarantee complete reaction.
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10 JUN 2006 WO 03/052091 PCTI1JS02/ 41114 POP-non-sensitive gels fornmed by
conjugate addition with a PEG|inked nucleophile and a PEG |inked conjugated
unsaturation that allow non-proteolytic cell mgration. The synthesis of
gels is also acconplished entirely through M chael -tyPe E addition reaction
of thiol-PEG onto vinylsul fone-functionalized PEG In'&JUNiZt step, adhesion
peptides were attached pendantly (e.g. the peptide Ac- GCGYGRGDSPG NH2 ( SEQ

| D NO 20) wanesoesrul tiarmed PEG vi nyl sul fone and t herPQIRiS&/4prie€cur sor was
crosslinked with a PEGdithiol (mw. 3.4 kD). In a typical gel preparation

for 3 di mensi onalyive. b oy lgdlEed by ARG WWhiolhfbgre (ol - Wt
15000) was dissolvedin_a TEOGA buffer (d. M pH8.0) to give a 10% (w w)
sol ution. | noeflepehilepd 3 REQrlinked gqniugpated yasaturgtion dhat dllowea-prefeslyis ved pepti de

Ac- GCGYGRGDSR:n hlgitiSEQ | D NO 20) (in same buffer) were added to this
solution. The hesi.on peptide was allowed to r t for 30 mnutes at 37C
Af t er war ds, thgﬁ‘ﬁ’%thaﬁ“i iBof 1 °ﬁ?‘%‘3ﬂ+‘£ﬁ5‘f“’ﬁg¥thﬁ‘?‘%§gﬁ%a‘flﬁpfhe above sol ution
and gel s wer eddiyontréetinoéthiol-PRE ontg@lnglkilfone-vactionadided#BGiNaa f ew m nut es,
however, the Lokl | ?@3 !g?rrie out..fqr one hour at 37C to
guar ant ee co%#%?pz%g%%n{hggdnﬁ%%%h rma F&eﬁg'%ﬁpgptggﬁgﬁ’sati on reactions
MVP- sensi t i vE&YGRGLFPINHASEQ 82 N Ao amultioeed PR(s with a peptide X- 20

li nker cont aiyhiyfagriRtihddicith ShiSbdaRS: R drosklifiled Gich RPRG Gl | Y active PEG that
allow proteolytic cell mgration MW-sensitive hydrogels were also created

by conduct i n§mad-3-¢E kil il PreRiEatPor Brdimpasinnalipwitie sdies ve ol i gopept i de
contai ni ng t Werm-M@EvEHASoAARRE waNH000)Waliskilved (ACTESVCRH ACGKCPQELAGKG NH2 25
i funct | onal GOVOREe Dt e ikl Rem et Jhour FAICEIE 1BS Ot
PEG CM | - | BA-afilkdSiyve, tHerdissolfed pettids Ae OLGGRGDIRG NG (JRPII Nes- (e. & t he pepti de
NS HBS: O P ChPERATR S i s B Rl M B 1 o ka1 a
net wor k by mialpwiy tovends for Bminatss atdé°CacAfterraein RRGAHGHIDG AGKG- NH2 (SEQ I D
NG 22) begri ?ﬁcﬁ@&r%s Rixe SFINES o SAABLarEITRERY siiMlelek: The) @ typical gel
preparation for 3 38 L . . .
gelation occured within a few minutes, however, the crosslinking reaction
was carried out for one hour at 37°C to guarantee complete reaction.
Matrix formation by condensation reactions
MMP-sensitive gels formed by condensation reactions with a peptide X-
20  linker containing multiple amines and a electrophilically active PEG that allow
proteolytic cell migration
MMP-sensitive hydrogels were also created by conducting a
condensation reaction between MMP-sensitive oligopeptide containing two
MMP substrates and three Lys (Ac-GKGPQGIAGOK GPOGIAGOKG-NH,
25  (SEQID NO: 22} and a comrmercially available (Shearwater polymers)
difunctional double-ester PEG-N-hydroxysuccinimide (NHS-HBS-CM-
PEG-CM-HBA-NHS). In a first step, an adhesion peptides(e.g the peptide
Ac-GCGYGRGDSPG-NH;) (SEQ ID NO:20) was reacted with a small
fraction of NHS-HBS-CM-PEG-CM-HBA-NHS and then this precursor was
30  cross-linked to a network by mixing with the peptide Ac-
GKGPQGIAGOKGPOGIAGOKG-NH; (SEQ ID NO:22) bearing three e-
amines (and one primary amine). In a typical gel preparation for 3-
38
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1 0 JUN 2@6 WO 03/052091 PCT/ US02141114 dinmensional in vitro studies, both
conponents were dissolved in | OM PBS at pH7.4 to give a 10% (wW w)
solution and hydrogels were formed within |ess then one hour. In contrast
to the present hydrogels forned by M chael -type react]isao 5 the desired
sel f-selectivity in this approach is not guaranteed, 'si Pi nes pr esent

i n biologigahsyeberials like cells or tissues will abgpudgsagis W th the

di functional activated double esters. This is also true for other PEGS

bearing electrophilic.functionalities such.as PEG. r.bonyl i m dazol e

(Coi - pigy © SR it iy PoC S BRSARET GoRi ATUIRS (1 Ve hyd: ogel s

formed by coratlgiiztoigdr an @ /iwd sdution bl hydrofilsGreadrforreedovithins- | | nker and a

el ectrophili qgslsh:\\éng)%;hioM.e PEG that allow non- proteolytic cell mgration
al's

Hydr ogel s were o formed by conducting a condensation reaction between
comrer ci al |y avai Insonteastide the priesedt Hyforelnformed by Badhsektypaesegtioand t he same 15

di functi ogal goiblav8slcfbniya ; |rdteddh MR HBS- CM
PEG CMHBA-NHS). In a fi rsﬁst%%@%gﬁ%on pgﬁ‘?é des S( e.g. the peptide

Ac- GCGYGRGDSHRessijtin bigleginal %@ewﬂaarsﬁswaw@howw@t@m | ~ fraction of

NHS- HBS- CM PEufddlotdi-AetiNitd dditsle ésRaNTHhid s Slsiin@Fol oBRf PG bearg0SS- | i nked to a
network by m xin i th the nultiarm PEG amne.. .| pi cal gel
preparati on feé)etm%’-hmc:‘?ﬂ’ﬁ%‘?”gfﬁf“m ' F%y?f%wm@qﬂ‘gﬁfq&%g%onents wer e

di ssol ved i n dt@BE¥niRispheay] cabthatt. t 0 gi ve a 10% (W w) solution and hydrogels
were fornged w thi 2SS ] ne .heur | dDasadol SO0 to the present
hydr ogel ggf or med by %ﬁéngﬁl??hpeO%Fl%%gT?dobﬁ,gaidﬁﬁ%ﬁo&em roéltgtl%?éff -selectivity in
t hi s appr oac HPEGsamiot creedinken andactlecitiphidically pétive BEG 8t glowgomt i n bi ol ogi cal
material s | i keoietleSelPhightigsues Wi Il also react with the difunctional
activated double ‘esters.,” This is also true for other PEGS bearing

el ect r ophi | i clydtneels W alee forped by genductins ppendensarion FeBeion PstiP@az ol e ( CDI - PEG) ,
or PEG ni t r opagitiétcial@ bvaabid ancled B athinds (JefRiitneRegémekadd ON Wit h synt hetic

crYTet 63 | s AR Sl e B i Ol 19 concencracons
concent r at i onPHESF-CMEBANHS). frea 316t step, the adhesion peptides (e.g. the peptide -
Ac-GCGYGRGDSPG-NH;) (SEQ ID NO:20) was reacted with a smail
fraction of NHS-HBS-CM-PEG-CM-HBA-NHS and then this precursor was
cross-linked to a network by mixing with the multiarm PEG-amine. In a
20  typical gel preparation for 3-dimensional in vitro studies, both components
were dissolved in 10mM PBS at pH7.4 to give a 10% (w/w) solution and
hydrogels were formed within less then one hour.
Again, in contrast to the present hydrogels formed by Michael-type reaction,
the desired self-selectivity in this approach is not guaranteed, since amines
25  present in biological materials like cells or tissues will also react with the
difunctional activated double esters. This is also true for other PEGs bearing
electrophilic functionalities such as PEG-oxycarbonylimidazole (CDI-PEG),
or PEG nitrophenyl carbonate. -
Example 4: Bone Regeneration with synthetic enzymatically
30  degradable matrices
Two different starting concentrations of the enzymatic degradeable
gels were employed. In each of these, the concentration of RGD and the
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18 JUN 2006 WO 03/052091 PCTNSO02/41114 active factor (CplPTH at 100 g/ nl)
were kept constant. The polyneric network was fornmed froma four-arm
branched PEG funetionalized with four vinylsulfone endgroups of a nol ecul ar
wei ght of 20kD (nol ecul ar wei ght of each of the ant STBS}W ZlﬁEd di t hi ol
peptide of the follow ng sequence Ay 5
Cys~Arg-Asp-(Ay-Pro-A@n-Ay-lle-Trp-Ay-An}Asp-Arg-Cys-Ay (SEQ ID NG 21).
Bot h. pr eclwges¥nponents were dissolved in 0.3 M TRGIASPEABE ani ne. The
starting concentration of the functionalized PEG (first precursor nolecule)

and the dlthla‘gjvepag{g;dcgﬁ,m%gmq@n&)%férkgﬁ codfRh Sl g ere varied. In one case
the concentration was 12. 6 wei ght "% of the total wel ght of the conposition
0

(fist and seéﬁWﬂrkr}Yaé@HP%dcﬁO“{ﬁfﬁﬁ htmhﬂd?ﬁﬁ@pmwz 9ol ution). The 12.6
wei ght % cor mﬂaaﬂﬂseﬂdgo@pswam&e@b&w%m%ﬁimm'(ﬂaemw@edo@ul ated on bases of

only the first_precurs COo first precursor nolecule).

The second sf |%1'§ é??taf“g&‘ﬁ’&ﬂi g“%“%%”@ﬁ?q“%"ﬁf}fhe total weight of the
conposi ti®»n @s—@Am&lﬁWG&mewWGn}Amme—my (8EQr i et hanol anune

sol ution) whi onds to 7.5 0 is of only the first
precur sor :ﬂgcﬂcﬂ (%‘P%?lﬁsfrﬁompmfemg?ggﬁ?%g% % ecule) of total weight. This
has t he cons&q@mMammngmmumofﬂnmm&pe@FE@éiIWas changed such that
the nol ar T AMRERe) aXd Y dithSy § maintained. 20 The gel
whi ch starte ?urgj?na stgrtcll ng con%%ntratlo%g&(%én%é wel ght % swelled to a
concent r at i ofverfvagedolmgas ey thogogeentrdion was k2 Gjvrighbte efitle tofal yeric  network pl us
water, thgs Wé%hf'@&tfe'cﬁmﬁﬁﬂo@(ﬁf@hﬂrse&ﬁd‘ﬁ@dﬁso%m%eﬁt+ The gel which started

o B o o bt 1 85 2ot | Mot wor p ue
25 water, t huduﬁmdvhan vmxafedaﬁ)msﬁmfoﬂi th® ArsEpredufiorotiPsnehto expl ore the effect of
(DL chenge: ol BAFEAhA ASkT. HRPAS B U gaRfl | 00T o6t Fere o
femur and hurferweight o fhie katad teightiof the cowpiositias (firet gdlsdcand ng enzynmatic gel . The
foll ow ngsg a”‘}&@&&m&fco@n&h ih%%aﬁ@mﬁdxés%ﬁﬁoﬁﬁ%cﬂp&ﬁhﬂ%ﬁ&é tofdgtermned via CT, with
each group at N=2: arting_ concentratigon of gel Cal cified Tissue 12.6%
2 7% 40 weight % on basis of ouly the first precursor molecule (75 mg/mL
precursor molecule) of total weight . This has the consequence that the
amount of dithio!l peptide was changed such that the molar ratio between
vinyl sulfones and thiols was maintained.
20 The gel which started from a starting concentration of 12.6 weight %
swelled to a concentration of 8.9 weight % of total weight of the polymeric
network plus water, thus the matrix had a water content of 91.1. The gel
which started from a starting concentration of 9.5 weight % swelled to a final
concentration of 7.4 weight % of total weight of the polymeric network plus
25 water, thus had a water content of 92.6.
In order to explore the effect of this change, these materials were
tested in the sheep drill defect. Here, a 750uL defect was placed in the
cancellous bone of the diaphyses of the sheep femur and humerus and filled
with an in situ gellating enzymatic gel. The following amount of calcified
30 tissue was obtained, determined via pCT, with each group at N=2:
Starting concentration of gel Calcified Tissue
12.6% 2.7%
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7 6 JUN 2006 WD 03/052091 PCTI US02141114 9.5% 38.4% By making the gels |ess
dense and easier for cell penetration, the resulting healing response with
the addition of an active factor was stronger. 5 The effect of having final
solid concentrations of below 8.5 weight %is obvious é{r ﬁ@ b\@ese results.
Clearly then, the design of the matrix is crucial to ek lJ aling in wound
defects. Each of these hydrogels were conposed of |arge chains of

pol yet hyl 8¥e03§5%%ol , endlinked to create a matri x. I-B\%@(?%’(“,"‘fhe details of 10
how t hey were |inked, via enzymatic degradation sites, the density of the

| i nkers and severgsdy ot her vari ables were craggp@l to enable a functional

heal ing response. These differences were very clearly observed in the sheep
drill defect nodel. Exanple 5: Bone formation with synthetic hydrol yti caly
degradabl e 15 nmwmmﬂewsm%memmmnﬂmemmmmd in a synthetic gel

as well int QEQP I ribed for the fibrin
matrices. pQn 3& el Pne Ange%ﬁmgéhgggg?e%%@gﬁfﬁ%% gf "her acrylated 4arm
pol yet hyl %neTQ‘# Wﬁfhmf@ﬂ@@@qombmmbW?-Smﬁgm% i$ i near pol yet hyl ene 20

gyl col dithi ggwafsﬁwﬂ;@gggmﬂghr ough a M chael type reaction, when the two
conponents are m xed in a buffer_ of 3M Tri et hanol am ne at pH 8.0, the

resul ting thi ol at‘dearyghep. thedesignyfiheqoax if prpcial i eablehealigginr eact with t he
conj ugat ed umaiweﬂ&momaﬁfm@ehﬂedgm%@c&@po@ﬁ%h@ge@hmwl ent bond. By mi xing

together nulti fu t| 0 sors, such that the cqombjned 25

mul tifuncti oR&P ft{‘]’é é;'ﬁ‘?leeg‘%]ﬁ‘g tﬁﬁrﬁa%?m@tﬂﬁallﬁw‘t’%“f tydr ogel is formed. In
addi t! onlo bi hawtheywakanked;mﬁmaymahed@tbdﬁﬁbnkmlﬂmdemybfmet _hr ough an i denjti cal
reaction sch GQMM ablg'vﬁ?e%c%&da?tofeﬁgbrleoar cfﬁIB&?{l) g cell adhesion

notives or norp ogenl c or ogenl C ors cou to the matrix by
addi ng a cystespenee. Tth%dlff@reewsweﬂwwnkﬁb’OéWé"ﬁbq@e@tdyﬂt he sequence. Here, 30
we have addeqe@ctgdﬁgglel nc to the cell adhesion sequence, RCGD, and nore
specifically RGDSP ID NO 23) as well as to the PTH_34 sequence and
both were bod#ampls5¢ én Fpation with synthetic hydrolytieally degrpdablec r oss| i nker. 41 16 JUN

2006 15  matrices
PTH 1-34 fusion peptide was tested in a synthetic gel as well in the

sheep drill defect model exactly as described for the fibrin matrices. A
hydrogel network was created by mixing together acrylated 4arm
polyethylene glycol, MW 15,000 (Peg 4*15 Acr) with a linear polyethylene

20  gylcol dithiol of MW 3400. Through a Michael type reaction, when the two
components are mixed in a buffer of 0.3M Triethanolamine at pH 8.0, the
resulting thiolates that are formed at this pH can then react with the
conjugated unsaturation of the acrylate to create a covalent bond. By mixing
together multifunctional precursors, such that the combined

25  multifunctionality is greater than or equal to five, a hydrogel is formed. In
addition, bioactive factors can be added to the matrix through an identical

reaction scheme. In this case, bioactive factors, including cell adhesion

motives or morphogenic or mitogenic factors could be bound to the matrix
by adding a cysteine, the thiol containing amino acid, to the sequence. Here,

30 we have added a cysteine to the cell adhesion sequence, RGD, and more
specifically, RGDSP (SEQ ID NO: 23) as well as to the PTH;.34 sequence
and both were bound to the matrix via the acrylates in the crosslinket.
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WO 03/ 052091 PCT/ US02141114 Subsequently, these newly forned hydrogels, then
have nunerous esters near a thiol, which has been shown to be hydrolytically
unstable. This instability allows the gels to sl ow degrade and be repl aced
by newy fornmed tissue. These particular gels, hydrolytically degradeabl e
with ROD and PTH 5 covalently bound to the matrix, wemgejiNesiigd in the sheep
drill defect nodel to test the ability of matrix bound C PTHL. 34 to enhance
bone-growmh. In order to determ ne the amount of enhancenent, 0, 100 and 400
g/ mL- of PTAHE0% ysj on peptide were added to the ma¥¢TS5S'¥4M&n this was done,
an increase in bone formation was observed with the addition of PTHL.34. In
each test th&ulisequentlyl thesg nevelg fromakhydmgels)has have durddrous beersasae t 1 mepoi nt of ei ght

weeks. This H_HQF f ]| eft empty. Wien the
synt hetic h?%‘%‘@?l ca ﬁ"g" %’gggg)abgg%ﬁw@n%ﬁfﬂgtt%%?ﬂ%f usi on peptide was
enpl oyed, t helldvesdhe aely to deypdngeade and Ye rrplacad b devdy fober Hss#0% Thi s nmeans t hat

40% of the origi nglg L oV Hy B yﬁég%)id@agle%&;kdﬁﬂdléﬁor”ed bone 15

ti ssue. Then, when 400. g/ n of "nodified PTHL. 34 fusi on peptide was enpl oyed,

the heal ihg resjsatshoupdiethemagir. were teppd §kherthecn igil dafiem mpdel toconpar i son, when' t he

defects wer e tdserhd abaPbHmatdHILRIC-FRHEL], Yo shBr¥Bune bloWwihe h ordést h cal cified tissue.
This data is shown in Table 6 bel ow. Table aling response with synthetic

6; He
matrices wit P SEtImIRF the areunt ofsnbagerentel 1P md PR MERt TRt ng (% Cal cifi ed
Liyzsule) Enpt )filisibn!ﬂhfﬁidggvg&ia&dreﬁﬁ_i&)|tﬂﬁnflﬂiﬂo b r\?bmtﬂh@wﬁel_bneg\bﬁihcraﬁgmgl m. 53 ]EIPTH
rolytic th, . nec rison to an enpty defect,
addi ti on of,GteDﬂ‘(]fvyﬂ%P%W?’ésﬁfvf‘gm%c@a BB e 'é‘g?'b%“f’égft%e had a | arge effect
on bone heal ihedlipg responsecss ngastifed at tenemetimepbincefletghf weekls. tThssue by 300% When PTH

1- 34 was ””Wc%%a{egito;dgé?tigﬁcﬁ%letﬁh:ﬁapgne%ﬂeﬁ'&eisﬁﬁfeﬁ?sed even further with

the | evel bein
hydrolytically degradeable matrix without PTH fusion peptide was

employed, the healing response was measured at about 40%. This means
that 40% of the original defect volume was filled with newly formed bone

15  tissue. Then, when 400 pg/mL of modified PTH;.34 fusion peptide was
employed, the healing response increased to approximately 60%. In
comparison, when the defects were left empty, approximately 10% was filled
with calcified tissue. This data is shown in Table 6 below.
Table 6: Healing response with synthetic matrices with and without

20 modified PTH

Treatment Healing (% Calcified Tissue)
Empty 10

Hydrolytic Gel 40

Hydrolytic Gel with 100 pg/mL 54

CPTH

Hydrolytic Gel with 400 pg/mL 60

CPTH

In comparison to an empty defect, addition of the hydrolytically
degradeable peg gel alone had a large effect on bone healing, increasing the
amount of calcified tissue by 300%. When PTH 1-34 was linked to this

25  rmatrix, the healing increased even further with the level being up to 50%
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18 JUN 2006 WO 03/052091 PCT/ 1JS02/ 41114 hi gher than when the matrix is
enpl oyed al one and 500% hi gher than the |evel of healing obtained when the
defect was left enpty. 43 WD 031052091 I R JUN 2pgE PCT/US02141114 W& cwm

A fusion peptide, conprising first domain conprisinggammzmmd second
domai n conprising a covalently crosslinkable substrate domain.”" 2. The fusion
peptide of claim1 further conprising a degradation site between the first
arid.the s¥@d#¥F2¥@bmai n. 3. The fusion peptide of claffl’PS0HdHein the PTH is
sel ected Er omthe group consisting of PTH 1-84, PTH 1-38, PTH 1-34, PTH 1-31
and PTH 1- 25ightr thavéheh Wt inRBixpedpipicied Déne @hd500Vhighbaheite t he PTH is PTH 1- 34,
5. The fusio ide of .claim er el he second donain conprises a
transglutaniﬁﬁ%igéﬁ%§¥P%ﬁqyﬁﬂﬁﬂh ﬁggﬁ#wﬁﬂ%&?%gTon peptide of claimb5 wherein
t he second domain conprises a Factor =a substrate domain. 7. The fusion
peptide of claim®6, wherein the Factor 3G Ta substrate domain conprises SEQ
ID NO 12. S. The fusion peptide of claiml wherein the second domain
conprises at |east one cysteine. 9. The fusion peptide of claim2 wherein the
degradation site is an enzymatic or hydrolytic degradation site. 10. The
fusion peptide of claim8, wherein the degradation site is an enzymatic
degradation site, which is cleaved by an enzyne selected from the group
consisting of plasmn and matrix metal | oproteinase. 11. A kit conprising the
fusion peptide of clains 1 -10. 12. The kit of claiml | flarther conprising
fibrinogen, thrombin and a calciumsource. 13. The kit of claim 11l wherein
the kit further conprises a
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crosslinking enzyne. 14. A matrix suitable for cellular growth or in-grow h,
conprising the fusion peptide of clains 1-10, wherein the fusion peptide is
covalently |linked to the matrix. 15, The matrix of claim%4 wherein the
matrix is fibrin. 44 10 JUN 2006 WO 0 310 5 20 9 1 PCT/[J50B//4N 17106 16. The
matri x of WO&M2M wherein the matrix is formed by a M Q@%soi,quﬁ addi tion
reacti on between a first precursor nolecule conprising n nucleophilic groups
and a second precursor nolecule conprising melectrophilic groups, wherein n
and mare at Weamimtwo and the sumn+mis at |east five. 17. The matri-x of
claim 16 wherein the el ectophilic groups are conjugated unsaturated groups
and the nucl eophi I c grolisiongertidse¢omnrisingf rom the group consisting of thiols

and am nes. T X LM 14 wherein the matrix conprises

pol yet hyl eneﬁf%‘?&n%%%&nﬁ%@ﬁ?@r making a matrix conprising providing at
| east one matasexomiadomraiméonmisaly accovdledthy arbssliniablecubsatd dogegh.mat ri x, wherein
the matrix materi I s sel.ected fro he ou consi sting of proteins and
synthetic nateri a?zls, aﬁewlwp{‘é&&&kﬁé%ﬂd‘g COPPEFEEfs 1-10 to the matrix
mat eri al , andiegradatial sitdbetveh iR fHRtahd te¥BEoRl d8ainsuch that the fusion peptide

Is linked to the matri_lx t hrough .t he, second domain. 45
3. he fusion peptide of claim 1 wherein the PTH is selected

from the group consisting of PTH 1-84, PTH 1-38, PTH 1-34, PTH 1-31 and

PTH 1-25,
4. The fusion peptide of claim 3 wherein the PTH is PTH 1-34.
5. The fusion peptide of claim 1 wherein the second domain

comprises a transglutaminase substrate domain.

6. The fusion peptide of claim 5 wherein the second domain
comprises a Factor X1Ila substrate domain.

7. The fusion peptide of claim 6, wherein the Factor XIIla
substrate domain comprises SEQ ID NO:12.

8. The fusion peptide of claim 1 wherein the second domain
comprises at least one cysteine.

9. The fusion peptide of claim 2 wherein the degradation site is
an enzymatic or hydrolytic degradation site.

10.  The fusion peptide of claim 8, wherein the degradation site is
an enzymatic degradation site, which is cleaved by an enzyme selected from
the group consisting of plasmin and matrix metalloproteinase.

11.  AXkit comprising the fusion peptide of claims 1-10.

12.  The kit of claim 11 further comprising fibrinogen, thrombin
and a calcium source.

13.  The kit of claim 11 wherein the kit further comprises a
crosslinking enzyme.

14. A matrix suitable for cellular gfowth or in-growth, comprising
the fusion peptide of claims 1-10, wherein the fusion peptide is covalently
linked to the matrix.

15.  The matrix of claim 14 wherein the matrix is fibrin.
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16,  The matrix of claim 14 wherein the matrix is formed by a
Michae] type addition reaction between a first precursor molecule
comprising n nucieophilic groups and a second precursor molecule
comprising m electrophilic groups, wherein n and m are at least two and the
sum n+m is af least five.

17.  The matrix of claim 16 wherein the electophilic groups are
conjugated unsaturated groups and the nucleophilic groups are selected from
the group consisting of thiols and amines.

18.  The matrix of claim 14 wherein the matrix comprises
polyethyleneglycol.

19. A method for making a matrix comprising

providing at least one matrix material capable of forming a
crosslinked matrix, wherein the matrix material is selected from the group
consisting of proteins and synthetic materials, -

adding the fusion peptide of claims 1-10 to the matrix material, and

crosslinking the matrix material, such that the fusion peptide is linked

-to the matrix through the second domain.
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