WO 03/ 052091 PCT/ US02/ 41114 GROMH FACTOR MODI FI ED PROTEI N MATRI CES FOR
TI SSUE ENG NEERI NG Field of the Invention The invention relates to fusion
prot ei ns WO opepopbdes which contain 5 PTH and an am no acipdTasqueniece t hat
allows for binding interactions to matrices and to the use of fusion
proteins or peptides in tissue repair and regeneration, and in the
control l ed rel ease of GROWBICKACTOR MODIREED PROTEEN Par at hyr oi d hor none

(PTH) is an 84 ami no aMAITREOESTOR TISSUE EINGENEERING! secreted by the
parathyroid gland. This hornone plays a primary role in controlling serum
cal ciumlevels through its act Fighd ehthednyvention i ssues, i ncl udi ng bone.

Studies in human i fAtdOUEdses BRI rg’zﬂs%?)égptm%@mﬂa{&o%agxg an anabol i c

ef fect on bone, S theminterestin tr eat nent ost eopor osi s
and rel afed PBHendias ander scid lsbqﬁend%a:hmmﬂlomfoﬂ]ﬁncﬁngﬂerdatﬁonsmo Chorev, et al.

and WO 00/ 10596. to i Lill Co.). The ar.at hyroi d hor.none acts on cells
by bi ndi ng t@a‘gmg%m%@&h? Hi% f&@%%‘b%”i?f‘emﬁ‘?ﬁfgp 13 éﬁ‘?ﬁ’rﬁ rFEmVH@vm to be found
on ost eobl asgegengrmrp%&&&Q@énﬁgdgﬁggg%p@m for form ng new bone. The
N-term nal 34 am no acid domain of the human hornone has 20 been reported

to be biologically equival erankgl‘QllmldftjtheIn\é&nglon hornmone. PTH 1-34 and its

node of action ha en.fkrst t . 6, 196. Si nce
research has beenﬁ%rgﬁlé’ro%h&tﬁl?nfe(giﬁﬁ herlﬁf)ra‘lEj)fr?l1 :eg{el%é\ﬁl\?telrsgl?a%%s of the
native homanaddiddciebsdy s peraglynﬁ'crlgﬂanaS ThB'lfidlmBﬂe plagks a pPiitdiry3Bleipee e. g.

Ri xon RH, et al JBone M ner. Res. 1179-89 25 (Aug. 1994). The
mechani sm byCafiodingserim alciyan lexels | Hgﬂléghl&%&epioﬁda}”lgus WSHSS i cat ed, which

has led to c efddﬁrgwg rsﬁﬁi&sﬁha&qn éﬁﬂHﬂ‘Hﬁﬂﬁso PTRiARE | cant number of

studi es on t ct nechani sns | nvolv een de_rmnstrat ed that if
PTH i s adni nisherstdted\agtapabadizl difect an one owhatrmakes tigtn imteresting fothat t he bone

R £ e o N T T U A
i ncreases( ses, 787,856 WCASES 1k 37 ah@ WD 0011069/ toSEICDil)y: & Y. % The
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 been reported 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 research 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
PTH1-38 (see e.g. Rixon RH, ef 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 systemically 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
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apparent contradiction can be explained by the mechanismin which PTH 1 WO
03/ 052091 PCT/ US02/ 41114 nodul ates bone renodel | i ng and subsequently the
obser vablwopanseet er of bone density. Wthin nature bone, PCR&ASPTH11£cept or
has only been shown to be present on the surface of cells of the

ost eobl ast |ineage, but not on osteoclasts. The role that PTH plays in .
bone renodel mbdylates bone eatoddllinhaodi gdbsEquehfly det dhatavalsle pammetpppbdsed t o t he

osteocl asts., However, the cells at dif nt stages. aof the osteobl ast
lineage res pm\%fl?lfyerg#&‘%fn%‘f@annﬁetbe %& ef?i’t‘ﬁ'lh—an. _OW&@"&SEQ"E‘} “Yhe dramatic
di fferences tabsedi 8n ARSREMELoMRES of 18 oBIEbbIast 1ind&lE, BuSidRlbgd using different
nmet hods can be accounted for by understanding the different effects that

t he sanme nol estedctastsas henoletikat FHH pleysin boae remedellirigris directedbrengbeobl ast

| i neage. .\Whepn PTH binds to a mesenc | . st.em cel | Ik 1s induced to
di fferenti at &@S°KF 3%)?%8@0«5%%%% ?93%23%3?5' §§°‘%e§§%”r‘%%e %#Ea? glfie eél%syst em
there is ansthgeslof@costddbldieliftage sdspanidl differeppwihah ey bikdweVH., t hese
preost eobl ast cells have the PTH receptor_as well, and the subsequent

bi ndi ng of t Reerefere, i digmete diffsiseninaigie phisseedowhanshe 8485t 0 a different
response. V\h&}%iﬁigﬂirgd gﬁﬁ%dﬁﬁr R0 ShPOPAR S nted forrb?f%ld&'%tah@in%m separate
that Tead t one F t

consequences n resorption. First, it inhibits the further
di f f er ent i at ibenlifférentreffeptsabaittboiminmatnslecilahas asthe diffarsntscellSwibmd, it
increasiﬁ th secrgt' n of Interluekin 6 (1L-6) fromthe preosteobl asts.
IL-6 both i ntelrteedlastdBerenl ast differentation as 20 wel | as increases

preost eocl ast di f {i@{eaMTIRbINAStd DinescAshBRA s Sell, THY dlldy Blducddasponse from
the cells within the osteobl ast |ineage is what provides the conplex

reaction bet diisrentistednioenpraesteabiast. ahanspypddipmB o thersystpp, fhere dosed
periodical ly. for. short. peri ' t he MRS emcells
are induced {Soa%cﬁl 3 é;%eérrl]tafeaérg&ierﬂ%gas%é@})%ﬁ%g‘s S TVJé%:'ué sﬁ%ﬁ{%ggésbﬂ% peri ods

t hen 25 pr evedils Hahe tiRPIH rdoeptior as welk aat dntuvhsdquedtrbdndipg ofithe PAG | L- 6,
preventing activation of the teocl ast.s. Therefor during.the intervals
of dosing, tRSBTHRBRE 9“1‘1&?%?}@?@&? %gﬁeﬁ%"_ﬁ%esé’ﬁwef 34’?%%’3%9% entiate

i nto osteobl gshs preck@abihltl %esulls BORR sedAR coRquEIRUEHRE lead fo BorkONSt ant dose
of PTH is applied, then the preosteoblasts w |l have the opportunity to

begi n pr oductesgrptibn6 Firgittimhibitsie fwther digferensiation ebdie aseosteablasts nhi bi t i ng
thersel ves, in?(? gétggolgs?s.t Qe%ond, it increases the secretion of Interluekin 6 (IL-6)

from the preosteoblasts. IL-6 both inhibits preosteoblast 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 the 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.



opposite effect: bone resorption. 2 WD 03/052091 PCT/ US02/ 41114 For tissue
repair or regeneration, cells nust mgrate into a wound bed, proliferate,
express MEDrBsSWONpPonents or formextracel lular matrix, amdT/Usor/mia fi nal

ti ssue shape. Multiple cell populations nmust often participate in this

nor phogeneti c response, frequently including vascular and nerve cells. 5
Matrices have beeRod@sungbhaiabetbgeeratian ctlis mudafigite anda idusdne cases have
been found to be essential, for this to occur. Approaches have been made in
devel opi ng nB$% PelferpicoprIressupairix spmpgnanteqrforny pxtgacglulas matrig a8dir e of bot h.
Nat ural cell ¢iR- : ' | : Lng: el | ul ar

i nfl uences, gﬁh Eggse Q%dr%%%é%etc (?%P@{g &%@03%39&5@%9‘%}‘ ?g‘gﬁ’?‘éﬁfﬁﬁg fibrin)
and 10 nmat ri shismebgihoggretit e¢spases fréqgeqtlpdahglinpldsagenandateasd ¢efls. et c. ). Such
degradation s highly |localized and occurs only upan direct contact with
the " gPat i NGRS bFeS amPRa It coBrPe B SEFFRESS BRTE of gnal | ng
proteins supfenddust @VBelbsEGhDES this tb bedtk! MppREAhRhate bdeh hitR iRat ur al

model , macroporous cell in-growh matrices are not used, but rather

m cropor ous develaping wekicehipmnaguraldr|synibgiic eréginsiera mixderg|diyoind upon
demand, as t | L& m I: the. rix. 0 erns regarding

i nmmunogeni ci ﬁgﬁﬁﬁgfg%g%o&éﬁﬁaéﬂé%tgt%feo%%ﬁ%?{n%I{teélgd‘gﬂ\@ﬁ%'acoeﬁﬁwy, bat ch

variabi | ity aiffthepses) i eaed onproteviysis, @]S bh pheairofdegyadingeibirin) pidcur sor

nol ecul es, such, as dified polyethylepeglycol, haye _been devel oped for
ti ssue tBgendleH} ‘élﬁtgﬁﬂprﬁl;?&}aé?s graélggpﬁﬂagyadg,l?stwfstpé. fHeth work has been

done studyi nged g, i3¥H BBHS 16641864 SndPbcculR Uy fisHERfRNcdiRst Jelh th P! Or ed | ocal
or topical administration’of PTH As PTH has a direct anabolic effect on

t he ost eobl astigratihg cdll. deadditions the deliNedy hfspscifig csll signalingpreteinisal t o heal
bone defects in addit} to.ipfluencing . bong densi.t if presented
appropri at el f/ucﬂ% %Slgf%mgq%é?r&? H%‘?"fye’iegﬁ%%é- ?’?‘n@edlgpué%trx%%g been filled with
pr eost eobl asificropbrdub eelFbe%I‘éiW@lﬁ'ﬁiatrio‘és bitéro@ dsedf but rhdher messbporbey med

preost eobl asts can then differentiate into osteoblasts and begin converting

the wotiAd bEwiriges that thegels gandagrasisnlecalisandairan dempiad a5 s mat ur e bone

structur e 3bbed o eRRLA. DAKWhEGhs Aokl HEESRRnbAYENt | on to provide

expensive production, limited availability, batch variability and purification,
matrices based on synthetic precursor molecules, such as modified
polyethyleneglycol, 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 turned off, the newly formed
preosteoblasts can then differentiate into osteoblasts and begin converting the
wound bed, first into woven bone 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.



formthat can be bound to a matrix for tissue repair, regeneration, and
renodel ing. 3 WO 03/052091 PCT/US02/41114 It is a further object to
present awPDBlo52098 form suitable for topical or |ocal admPeT4aiSozsiloh to a
patient to heal bone defects. Summary of the Invention Fusion peptides
whi ch contain a parathyroid hornone (PTH) in one 5 domain and a substrate
donmi n capabl e of Ibisianfgrthevajeentd presnos PTHNkedoim saitabigafof topidah oganot her

dormai n and trices.and kits which contain ch fusion proteins or
pepti des ar gq%qaigﬁrgglé%maﬂgpéq fpatiegLio at)g%’ceése toval ently bind to natural

or synthetic materials to forghmarrs,%a,emeﬁﬁm?’ray be used to heal bone
defects. Optional ll%fg all of the conponents for tformng the matrix are 10

applied to a bone Insfoaqeptadas which enutain » pastifyoeiddwrmond @FHHiin enof

appl i catizon. fusi tide. can .he Lncorporated into t mat ri x such
that eit Rer tdﬁ;g;%% %%f%%%ﬁggg dgouaip capa 8*@61% T Zﬁnﬁ?ﬁéosflé‘gﬁag? fve PTH

sequence of trik iin SiothddAdBiath drdl thetieasd Kity wied amadin athalisibhe matrix, by
enzymatic and/or, hydrolytic action, Al so the fusion peptide can contain a

degr adabl e | PAK&EE o1 Bemisteqawrlitchnsed hersin. divgiontreotsiae sorlensiydingd tohat cont ai ns
hydrolyti ¢ OhanfAltTphEHChERNAYE RidGaibd amfrﬁéélagg%s%gio haiy! on pepti de

contains PTH I n one donmln, a substrate dofain ca el ng covalently
crosslinked thonadefgeisr Optiomally, sléobHthd companents fon dorminkethe adkdiix are Si t e bet ween

the fir and the con opai Preferably, the PTH_is hupan PTH,
al t holugﬁrtOPTH appligfl t?%etﬁ“ﬁgf’%§g%’:d3§§fna§%1ﬁ%%‘§¥°§c% irt]??éltﬁ?ﬁ%‘gﬂ'}’é’;“% suitabl e.
The PTH can b@efildion ﬂ)ﬂﬁi‘l’le(cﬁl@bé URbspobatéd thtodthe nittik duckdhatRithedihd 1, or PTH

1-25, or any nodified or allelic versions of PTH exhibiting properties,
i .e. bone f dusier pemidess givthele ergustiike fespastive REH stheende of thd dirston site al | ows

the rate of ' ,ed. at_di ni_ | I Lthin the matrix
dependi ng on%g%yﬁé%?ﬁﬁ%g?%z\é? 1& \?Ig i/O%aQtqu]%l? ﬁ’%&)&éf%@%%ﬁ C(‘))Fl)mrvx,i thin the

mat ri x. Addi thiydrodytidetieni Pdso thefilsicdepeptide tavenitalimb dégradabie Kitkage W t hi n t he
delivery system and at i regyl ati on of release which permts a greater
per pe_ntﬁ e o%’ef"}“f’t?ngli‘%‘gpsf _B“‘ﬁti'e S?@%&QE@&m&patt%étaﬁs deplytif @at est cel | ul ar
activity. BriegfyhBaCdleRagO8ited! i fetiENIA B Gfion peptide contains PTH in

one domain, a substrate domain capable of being covalently crosslinked to a

matrix 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 0;PI;.7-ATIII2;.134 peptide



30 FIGURE 1 is a fluorescence detection chromatogram of plasm n- degraded
peptide-containing fibrin gels and free peptide. Size exclusion

chr omat ogwembysp1 a degraded fibrin gel with the a2Pl | _7- ARTIriuse2411184

pepti de 4 WD 03/ 052091 PCT/US02/41114 incorporated (- ), with the sane
peptide free added to the degraded fibrin gel containing incorporated
peptide and fnceoregl (-d¥, vaklpthe seme pgptidafieeatidstnto tHdhéedihdedrfitiringdel | euci ne
resi due was dansy| ated (abbreviated dL)._ The free p?pbri de eluted at |onger
tinmes, correSPEAHBIMEnIBPOraled REPIGRA defidfiearapfe along (1-haite ™ he pept i de

i ncor por at edTh@NQtegﬁlg%lflkﬁ(gh@r&ﬂue%ﬁgéﬂg&%iﬁ%{rﬁféd ﬁg.”‘?ﬂéhfeé‘t ing coval ent

attachment to degr rin and t ovalent 1 ncorporation via the
action of f ap¢ptideXlutéchatdengey times, dorGhiREdRgits adowerapdleaflat weightncor por at i on

of dLNQEQVSP L ASEQ LD.INO 1) into fibrin S Wth ogenous Fact or
SU11 adasd. BRI pggR R adugidhd R ed Rk hlHBEr att on | nor eased
such that ma&némﬁﬁa%%omm ReRhiéal Wdegiatibd fibQE e 4O tevakntachi eved.
FIGURE 3 is a graph of the incorporation of the bidomain peptide,

d LNQEQVSPL RGDeprrtiop ithe BytipmelbfagiaeXilla @divitybri n gl ue. Three separate
kits were tested | S [ kljhﬁ? f Hon coul d 15 be
observed, reachi ng %ﬁ%&g@@tﬁ%{ﬁk%gﬁﬁﬁ%ééﬁﬁ e c%ﬂ%lgﬁj?r ation of
exogenous pe(REQED Nl )rirtd ffhoin gabswitihbxdgenarsgactt XAl addsd. aWheedst 5 mV
possi bly due_to_diffusi limtations within the highly dense fibrin matrix
Phat 1ser eabear wadiud die tsretichunmportiondheiset sutiBeUmSraRaS i h each
kit providi B BeftiddhA fitRHeREPANAd bOschRivedi | e. 20 Detailed Description of
the I nvention roducts and nethods for hard tissue repair, regeneration or

remodel i nﬂ, i n paFIGUBEsY isfagrapioefdheyingouphratios iof thertddamain papiéles ynt het i ¢

mat ri ces havi i . ted,. r &l e cri bed herein.
The nat ur al g%-(@éélgl;lgéﬁ@?%ﬂ;mﬁg{ngongg%#lge?e@rgid%§§'eT%%§ can be forned
25 in vit rOdQE_Epairaﬁe kitsrgWereaéstédlﬁldihrégcloéasé ﬁhigdmé‘d}l io?lfncoﬁ?s'ﬁi'dltimmobld

incorporated into the matrices and retain jts fu bi oactivity. PTH can be
rel easabbPy PhebicpEidateaghingp ﬁ@f’@é@ﬁ%ﬁ‘&@éﬁ’r{m%?n'p?@v?%e@WPB over how
and when andgy ﬁn%epﬁﬁ@f&ﬁir&@%rgﬂimﬁ ih&rfRafch waatllBak 5y, matrix can be

used for tissu
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 therein, are described herein.
The natural matrices are biocompatible and biodegradable and can be formed
25 in vitro or in vivo, at the time of implantation. PTH can be incorporated into
the matrices and retain its full bioactivity. PTH can be releasably
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 Definitions
“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



repair directly or indirectly, using the matrix as a controlled rel ease
vehicle. 30 Definitions "Biomaterial"” as generally used herein refers to a
mat eri al wotosnsh®di to interface with biological systens t@®Cexsouatied treat,
augnent, or replace any tissue, organ or function of the body dependi ng on
the material either 5 WD 03/052091 PCT/US02/ 41114 permanently or

t enpor ari | y. pdimantetiyne: tédoponartye ritel térnarftbiomatendl X AndfmratrisB dre wsydonymousl y
herein and nmean a crqsslinked pol yneri e rk which, depending of the
nat ur 6 of t hS REFTOUST Be LI Ao BB BRe R ATRBHS WHEGol ved | wa e,
i.e. forma hydneeglof My fakurs bAYR rhatrik "AnBR AWl with $REdrdubnot> period of
time fulfilling certain support functions for traumatized or defect hard
ti ssue. " PTHdissedveshingeseri e 'fors a hudrogell whiclustays indhebodyrfof acertain a pepti de
whi ch copt ai ps. eas first .an N omaln. . d iLn contains a
PTH (nat Pve. SRt ofiERs huftybh cgtaif M Rroifiiis S TRU it C CPRer 1o
domai n cont ah#ad teswddbstrat e domain for being crosslinked to a matrix. An

enzymatic or hydrolytic degradation siahe can al.so be present between the
first and the secOhd fuperpeptide Sas gmgratiyus pingefersdo gasBtidn |y used herein

refers to a %icﬁ%hﬁtlins%ie%gt '%ﬁgm@abéesom ASRNAL DAY dgRafl &bl pair to an

el ectrophile in a polar- formng reaction. Preferably the strong
nucl eophi | e P¥Hnfpativerdivaophd Farmst ingrartivaias PTak 1-3#hyaidshe giher pH.  Exanpl es of
strong §c| eggrgi les are t itol sdand ﬁrritpes. " Canj ugat ed unsat urat ed bond"
as general | yIOLaE RB{ALISA SHRTEAS QAP AQr OeItg EPRE OSMUHEL A car bon,

car bon- het er gatyaiatiolor Redrelydieldepiabgi®l YR lcaimlsd Be PrekértPeavdeaniktstit t h si ngl e
bonds, or the linking of a functional group to a macronol ecul e, such as a
synt heti ¢ poRgdvibie sgeond depsitei n. Such bonds can undergo addition reactions.
"Conj ugat ed unsat u 0 [ s toa

nol ecul e or a regi %ﬁ&%fdn%k%{ﬁé%ﬁﬂ%ég ﬁéﬁ%hée?gﬁﬁg?ﬁeg&ggdg togrcﬁ%ti on of
carbon- 25 cahixdris cembleof-doastarecat dlenton partte aw alecrothiie én @eablam nul ti pl e

gg 3 Idf i \CI)M;.% h %(I)r?(g %o?m?r?gnrggdtio\rl\lh 'P(r:er}ergglsy e gt‘f‘(lr}é rmcﬁeolto)}%i]edis V\nlrfolrec h can undergo

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 generally used herein refers to a
molecule or a region of a molecule, which contains an alternation of carbon-
25 carbon, carbon-heteroatom or heteroatom-heteroatom 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



reacti ons. Exanpl es of conjugated unsaturated groups include, but are not
limted to vinyl sulfones, acrylates, acrylam des, quinones, and

vi nyl pyrivwomsosmel f or exanpl e, 2- or 4-vinyl pyridi ni um and@Cirtisovsaies. 30
"Synthetic precursor nolecul es” as generally used herein refers to

nol ecul es which do not exist in nature. "Naturally occurring precursor
conponents or pol {Rercsiondize engaatdlly usebhaeinaefeirstormeddifying 0 nol ecul es whi ch
could be found.in nature. 6 WO 0%05 091 PCT/USQ2/ 41114 "Functionalize" as
general |y usBWlaruledng pasost that ssutsdp A aitgebmegyiod @ fiuactionalgron®ter t hat

results in thpidalt RerdRAiplQh MolbdiCinh P Ba Furldlionized by M ifkyductigh exanple, a
nol ecul e may be tunctionalized by the introduction ~“of a nolecul e which

makes t he nobEealodecaleswvhioh makecthe opigculs astrangBuclenphilpatrad unsat ur at i on.

PreferabLy a_nmol e [. ex e. PEG s . functionakized to beconme a
thiol - am nocoRugsi faselffridhy B EnhiEholine MPRSHRPRECR. | © 1oCOTF LS 1o
effectively funetibhaizad tzbstohie athiol, iadding el li@) o2 gBinoh€ ARGt di sul fi de

bonds to create free thiols. "Functionality" as generally used herein
refers to thBatiGheemayalsolbe ¢ffagtysly fungtippalizgd by paiaber gosiplete nct i onal ity of

the branchi ng, 'iéﬁéfdié\ﬁﬁS@B&{d%‘ltéé’rth%%e%B{%i n refers to the nunmber of
ul'e

arns extending fromone point 1n the nolec . "Adhesion site or cell
attachment site" {BumptionalityT 9s gemenillyesal herciefrefes tb theanymahetr bfle sequence to
whi ch a, | ecul f.%irS exan@lﬁe an adhesion 15 pronoting receptor on the
surfacel8f a'®&HYeSisSRBE ™A% es of adhesion sites include, but are not

limted to, the REBusEAHARG S fHemdchiNePOaRES 43, ceadidlly LR nékEPR (SEQ I'D NO 2)

sequence from]lamnin. Preferably adhesion sites are incorporated into the
bi omat eri al Egfetsiie thediumpen o ymstextending dram Ane peipsigthoeslscelet o a natri x. 20

"Bi ol ogi cal acti VL‘Mesgtfh ﬁé’b‘?%@l‘l Macpﬁlggtos}rir%n 2%78%1{5?‘5[%@{1‘?3& H%r%fﬁr}gfe'kénnal events

nmedi ated by a protern I nterest. S, I's 1 ncludes
event s assay éia pgptideasquenogto Wikich atelaatd, forexaedhple, pohdhesiphi de Wi t h anot her

polypeplide Ly lencl acltes. acEari 0 Lol BCLLEP g proteln of
i nt eract i onsgites 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 refers to a
molecule that is found in a cell, or in a body, or which can be used as a
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



25 with other proteins, enzymatic activity, protein phosphorylation or
dephosphoryl ation, transcription, or translation. "Sensitive biol ogical

nol ecul e"wa3gsaer al | y used herein refers to a nol ecul e PRAUSIF4fioUNd i n a
cell, or in a body, or which can be used as a therapeutic for a cell or a
body, which may react with other nolecules in its 30 presence. Exanpl es of
sensi tive bi ol ogi CRégenotael’ s @sndrally ustd heleit maue to@row badk 4 pettibe, pepti des,

proteins, nuclejc.acids, and drugs.. Biomaterials can be made in the
presence of Q{eﬁ_&?ﬂﬁo“}‘j@ P%I%@h&_%hmar%%Wi@i%‘ﬁIQHrqr%Bm' adversely affecting
the sensitive bi olQgiihctiBRLPT Ak dbSerally Mé@d(ﬂé{eﬂﬁ%@&}t&ﬁ?;{ek%ﬁ%ééeﬂl4

"Regenerate” as generally used herein neans to grow back a portion or all
of sonet hi nge¢lesterthilasanda/prinudlenphiic functipmak group per holaeule (i'dvul ti f uncti onal "
as generally_used heﬁei n reéﬁrs to nore than one electrophilic and /or

nucl eophi’l i c HOUREER: 8 5?"38?8 “]S’Qr nol ecule (i.e. 5 nmononer, oligo-and

polymer). "Self setqatidative eaetibo®nas @bedRy efedl Heyeit SREnd@ELIMB fi@ans that the
first precursor conponent of a conposition reacts much faster with the

second  pr ec BFSBEOLEMRINER; ofdF compositionprRastsumen faster itk hasepad t han with
other  COMPORRESY %gh%f??&&ﬁ@sﬁioﬂranﬁtvfcfeefgrsﬁ't Plin bRy r eaction. As

used herein, 0 e preferentla binds to a efectrophile and
an el ect r ophicbmpoynds peasenttin alnhiytulne ot theosite of theaegetivme | Asoyshad hegeim, at her t han

to ot her  biological . .co unds.. "Cross-1inking" as generally used herein
reans the 1 o AP PR EHY DR R el g8T af FRetaghih oo r ef or to
the formati opre@remtillybindsqy als@bhg htidlKHES, rathethad o biBBI GiologREp, o

conbi nati ons of covalent and non- coval ent |ikages. "Polyneric network" as

general | y useempeigsn nmeans the product of a process in which

substantially all « | n i / und by

i nt er nol ecul ar covgfogépﬁ}({ﬁgkgggés&f% odgg(ﬁh?rglgrﬁ%égﬁ%gﬁé&fnuﬁgti onal 20

groups to resovdent tinkapes.htigeven®l # andyealso'efey so thie dgineaidoh oisogener al | y used
herei n neans condi ﬁ,i ns as they .can be found in livi ggevertebr ates. In

parti cult&r , ﬁﬂ%e‘né igkages, sueh asjiopicnnds, 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 livillg vertebrates. In particular, physiological conditions
refer to the conditions in the human body such as temperature, pH, etc.
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.

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



refer to the conditions in the human body such as tenperature, pH, etc.
Physi ol ogi cal tenperatures neans in particular a tenperature range of 25
bet ween 38Q00s#2C, preferably around 37C. "Crosslink den®CcmySoasiigeneral |y
used herein refers to the average nol ecul ar wei ght between two crosslinks
(M,) of the respective nol ecules. "Equivalent weight" as generally used

her ei n ref er yfrogainmidesgoes fivimats ino@hsegrdons/veheafstadetbaideneenstan® " Swel | ing" as
generally used herein refers to the increase in volume and nass by uptake
of water by CREABPEEMEal . The terns” water-uptake” and "swelling" are

used synonynmgus!y Nihg-RdORRYPTENI S application. "Equilibriumstate" as
generally used herein as the state in which a 8 WO 03/052091

PCT/ US02/ 41114 hwdr ogdMatwixd¥iatgpyéds no nmass i ncrease or | oss when stored
under copstant cqgnditions dn ter. .. Matri.c and.PTH A.. Matri x
Material § 5 The i tﬁl’élsff8?ﬂ%%b3b‘§foﬁﬁl@§’§llgilﬂt%f’ﬁ§" f’%‘f"ﬁle@llp'i?f,bycoval ently, or
by conbi nat icombiratietiibbrepf HretiirsemaB1estb @Spol Bnéidiwem drbynet wor k or by
swel ling one or_nore polyneric materials, i.e. matrices, to forma

pol yneri c névelbing ongor mgrapflymeiiematariglser-c. peatiionsy todpee ppgLIREriE | ow f or

i ngrowt h or gg“g; J L : sr;r?)tu_ I 3 ggﬁh odi nent the
matrix is fo}nme rgph‘g?%%lgﬁglse?a%}e e;}g‘)éﬁrgf)acglr?%%ozefllﬁgpfﬁg?l&?al ?/)qgresent in the
pati ent i ntomipiatihniite theahatrix of sellso be i nplanted. A particularly preferred

matrix protein is. fibrin | t hough  matrj ces de from other proteins, such
as col | g&en and g&F 88§ ?P‘E‘é‘ﬁmﬁ?gﬁgﬂg‘trﬁélééj9r%‘iﬁ’é‘&t@ﬁ&rﬁrﬁ%@b d gl ycoproteins
nmay al so be ;p&ﬂang ﬁathfuug\prrésemliﬁt Ftieit intd whith MeRatPR§StBe tO use

synt hetic polyners which are crosslinkable by ionic or coval ent binding.

Fi brin matri daplapiedr itnparicuathaprefeatedmaatex pedteinks Gbrih altheregin reported for
coYer L oo MR PP e RSN SR R o1 o)
Fi brin gels wused. Polysaccharides and glycoproteins may also be used to form the
15 matrix. It is 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., Journal of
25 Biomaterials Applications, 7:309-352 (1993)). Additionally, these gels have
been used as drug delivery devices, and for neuronal regeneration (Williams,
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



have been used as seal ants because of its ability to bind to many tissues
and its natural role in wound healing. Sonme specific applications include
use as a weaalsp1 f or vascul ar graft attachnment, heart valPea/tspr/aaidrent,
bone positioning in fractures and tendon repair (Sierra, D.H, Journal of
25 Biomaterials 14pplications, 7:309-352 (1993)). Additionally, these gels
have been ugglkcate ikdtvwiedymtREtic 0l dBSre 28 Seviefd]l pB&IBIO PRiteak@gener at i on
(WIlliams, et al., Journal of Comparative_ Neurogbiol ogy, 264:284-290
(1987)). Al thesgan clepye fibrinnesy; inelyding dypmbins agniidase, angrpreteassls r egener at i on

and cell = | ”gllri]cﬁ%cﬂ’oné &VEs %%%rét@?ﬂ a@ﬁhﬁe?eﬁ%ﬂygﬂggﬁﬁ%ie\aﬁ%,fﬁowg%?r t hat

directly 30 ance these cesses. e proc rinogen is
pol yneri zed 19028143006y 1993haned the fibriaegendh alcavddes sadgdolyhrrizatainl y, a prot ease
cleaves the dinmeric fib jgﬁggébQ WD 03/ 052091 PCT&§§02/3i114 nol ecul e at

C

the two _ynnétFPPS"‘er tegic réﬁogel_ég’\%?@?rs@g?itﬁg P8t AL t han can
cleave fibri RegedvaléMiB disNakddBodIRErbel (8 |1999), BRdRrakaam9e |11, and
each one severs the protein at 'a different site (Francis, et al., Blood

Cell's, 19: 2bapoybecrgsahindiggsies breomp Brpased aficr potehisalentage
sel T < pol y”erb‘%c%é.oﬁn?e AT Rre S BHLER {hQse"%?ﬁc‘ﬁPg EiEe‘% &L'ﬂ?{éeﬂ%%f‘mgmoners come
y nked po

together and forma non*covafently Craoss ymer gel” (Sierra, 1993).
Thi s sel f - asapiddule cdadipbosothactusen the fidkingga dhamspwhioharepipeacd aft er

prot ease cl eavage _occurs. Once th ar xposed, .these binding sites in
Phe centl@r ofit BRends ol e ppRtideahas (Ritsed Toth ookt y ol Hrkrermay nogen

chai ns, whi cly, @pg,pieseNt948). afn thidenMALS a PhIyhRe %@amefﬁﬁ@d.ns (Stryer, L.

I n Bi ochemi stry,1 V?\II—%g Fr’eeng)n & 1Corrpam’/?li%NY, _155175 St hi's manner, a

pol ymer net whadoi ¥l mtedsglufiaunae adivated, frem Factos Il bathnomde acti vated from

Factor Xl Il by .thronbin rot eol vsi s then coval entl y.,crosslink the

pol yner net w?%?oq&‘%é?aytﬁlg%ﬁ%vga? lgr;hrcﬁglglﬁ{thgyp e&ﬁ%‘”r?ﬁn'@ éFh% be involved in
coval ent cr otghdgithiehasdsTexddt dnd il talsd e idvdl i ihichvdlentedseiling Once a
crosslinked fibrin gel is formed, the subsequent degradation is tightly

control N&d. endswftingie thefibipne®drles in controlling the degradation of
L br L 522 s o SR g
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 XIIla (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 XIIIa 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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20 chain of fibrin through the action of Factor Xl lla (Sakata, et al.,
Journal of dinical Investigation, 65:290-297, 1980). By attaching itself
to the geWwp 0a/0529gh concentration of inhibitor can be | oc&Cirasd2/41014 he gel .
The inhibitor then acts by preventing the binding of plasm nogen to fibrin
(Aoki, et al.; Thronbosis and Haenostasis, 39:22-31, 1978) and

i nactivating plasm n 23yhdelié mat9d®) . The a2-plasmn inhibitor contains a
glutam ne substrate. The exact sequence has been identified as NQEQVSPL
(SEQ ID NO 12), sresslinkingreaptiens fgr fprminewymthetingatrires futapphicationno aci d f or

crossli nki ngiy { Hag 11 %Q‘ﬁ&ﬂéﬁe&) n&%tl&’ib&%@ﬂ&f&% bges, which

‘ﬁf&l@
contain a factor é@strate S ce and a broactive peptide
sequence, capretoerseﬂi cmntasrﬂng umﬂatanaﬁe«hﬁoul:ﬂe bonds, gpedescribred it Betn ¢rtuls bi oacti ve

(1059) BPocot iotidiciet 3. 3976148 okl st beb BaeFURBR R 14 “Symt heti ¢

matrices Cr 05@4&1&“&& ak @3C bétRen E?fecﬁgbmnamdﬁﬁg%%hh@ gfRipfanggs for
application in the body 1 nclude free-radical polynerization between

two or nore PHCEEQF Bishyingeniugrinimigyligreup ay disdeseddnbl-S BateddNo. as descri bed

[ Fern et s S0 PROIPH MRS ol AP RIS, AARR s i), nucl eopni i c

substitution™Treaction such a Fecur sor |nc ng an am ne
group and a Mx:hmaut@eraddmohmhcngnhetsueao:amrdsng(iyicletgpmllmmisa di sclosed in U S
Pat ent N@ 874,500 to eet ag {III% den |on andadltlon
reacti of an&O‘QJi“%te \WS@Wé@F £y 04 gnd aéﬁ“@%ﬁ:? F)Ae%”r‘i“%‘ ¥ ong

nucl eophi | e 3pdeRedli@ tl%@héiﬂﬁttﬁgvééﬁsa%r%ﬁ%&%cﬂéc%%oha‘?/'ingbé)ﬂﬁ’ol(oéls a strong
el ectrophile Particularly preferred is the reaction between a precursor

mol ecul e havamgneagrom ag the nuclgephilic gnoappnéprewr@omcleeldpmnlcllldngr oup and
precursor nol grc il rvm@g ﬁlog acr%s zf gro 1V| n ng ? e s as
electrophllléggﬁ% 4 Jb%rlogpsr o 4eroP Sgﬁ Chgplié pis the

thi ol group. td Iﬁ{@&x@bhﬂhy rgem@dé Itliel 1a1v] ERA! MioBachtype: llﬁdlﬁ@ﬁ@édc’ﬁ@&b are WO

00/ 44808 to Hubbel | content of which is_incorporated herein by

ref erené®. Mdeseaibpd tnyW@ Q(Hfiﬁquﬁ H‘ﬁ%?éltl PoHs tha qopignt 8F Wwhich isi t u cr ossl i nki ng
of at |east %JOMO?%’[F@H&GEI BACRR R %Uﬁa%?gﬁ‘é;ﬁﬁ&%lﬂﬁ Péacﬂ&%eillow%)’s' ol ogi cal

conditions in a selt-selective nmanner e presence of sensitive
bi ol ogi cal e &ri abslinkihef enleasvh firfteangd nescems @reancsvp onapodsenhaisdea
physiological conditions 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 groups 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 .
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20 functionality of at |east two, and at |east one of the other precursor
conponents has a functionality greater than two, the systemw /!l self-
sel ectivewp os@smpito forma cross-|inked three di nensi onalPChiusernsand al .
Preferably the conjugated unsaturated groups or conjugated unsaturated
bonds are acryl ates, vinylsulfones, nethacrylates, acrylam des, 25

met hacryl am e@srertasoprevukdor coponevisiffoihiteiRasill often B bdst \chmeli Pyt i di ni um
mal ei m des, or qui a(ines. The nucl er%ghi |ic groups are preferably
e

t hi ol - gr oupsMOghAtekly aad prit-sslectivelyaba pH.of approxImately ¢ Afmdlips ar e

substanti al | g;g,; t] : gsn(ﬁf ' rgmﬁ As previously
stated, the ép()p |slﬁlzflri1&?§’p%l}6t&§tr§??eiq%m 0 tlﬁﬁggg%ﬁgfﬁg}@ﬁegﬁ: t Iés depr ot onat ed
thiol is subswosneactivey anbmestadlet anvimes dlinter¢sharestilltpootanael (andol . Ther ef or e,

the addi tion,reactions_ in Vi ng. a. conj ugat unsat uration, such as an
eyl at ebor U TR BREve (e 4 el (34 BT S0 it 802 41114
convert two pofeHS Sfuch@BRn @ cRectiVyd @ ifs re®stivits fod the tdltrelatierobest carried
out nost quickly and self-selectively at a pH of approximately 8. At pH of

appr oxi mat el §mgles ipkighlyfdegirable. hi ol s of interest are deprotonated (and thus
nore reactive) a”ﬁu@?ﬁé&ﬁ% aﬁd‘?ecﬁx?’ﬂoﬁ%éur%r xh%’t%&ﬁ@ssihcélﬁ{iﬁ%;téiﬁ protonated (and

5 thus less reactiv na-t I's used as 't precur sor

nol ecul e, a pegitdesigalywxyilkylehes pollyttyl iakcobel) quiy(ethyleneicosinydacti vity for

the thiol relatjve t am.nes.is highly desirable, Suitable first and

second ipecu?@BhOI}r@Pg'éﬁqrgtc 3D H%i@teg}?/é I’éf‘iﬁ’é"‘}crﬁffe‘aﬁq)des, pol yoxyal kyl enes,

pol y(vinyl a}g Mﬁ?loxd%@liﬁé)?ﬁc{lﬂvﬁﬁ@p%?ol‘i’ddﬁlﬁj, olyfetByI6RN&-VinyPo! y(acrylic
Ic acid), po

acid), poly(ethyl ene-co-acr et hyl oxazol i né), pol yvinyl

pyr r ol i done) pypalidone), pplyémeleisracid)rgaly(ethylanstdodoaleir acidhl y(nal ei ¢ "aci d) ,

I hyl -Co- gl el i,d | | am | I
POl (et e el 6y S BB SR Ao R B 7 g
precursor not§slyfersS Appdriiailinyy g8 ferred prapusepnoldle)iepblytnengl ycol ( PEG

provi des _a conveni ent building block. One can readily purchase or
synt hesiL2e | elysak (meaning with two ends) or branched (neaning nore than

two ends) PEGs angofylaﬁﬂrlécng %ﬁcbﬂﬁdﬁf‘oﬁ@@s a convenient building block.

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 component. 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 component can then readily serve as the first
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PEG end groups to introduce either a strong nucl eophile, such as a thiol,
or a 20 conjugated structure, such as an acrylate or a vinylsul fone. Wen
t hese cowpon®©sosl are either m xed with each other or w tRCa/usor/48spondi ng
conponent in a slightly basic environment, a matrix will be forned by
reacti on between the first and the second precursor conmponent. A PEG
conponent capreoarsoecuthmschen whh auclesphRi(groapsy dtoe BkampiBh pepgidewligacul ar 25

i ght hyd hilicit it t b trolled t
man pul at e PHE TG ERGFPE S A MIL e RO R mitHe e oast PR PR t he vt er
content of the; | ' ' : | eral ly useful
in nmedical i r@grf}igfszl,%g%(hg%%ﬂg‘rﬁiggigg'iﬂr?%}ar%?ﬁiﬁﬁg?ﬁsﬁff%ﬁs%&féc r?g'?cﬁe formation

of matri ces, assyatplysiologratiror skghttynrgher 3l (@rgs Sded)r dtle gelatieycande i n vi vo,
pepti des _provj de_a very..conveni.ent i 1di block, It is straightforward to
synt hesi Ze p@%?ﬂ’ﬁoecge‘fﬁé{l aﬁ%‘fﬁ%@@# h‘tlt @Oteé’gllé{‘?fpﬁ’éser §Pdues, and this
conponent cagelediBityl aFkkd e 506 Viguidpréddtsof torbponkats\H2 dldAT3E MM er,

PCT/ US02/ 41114 precursor caonponent w th nucl eophilic groups. For exanple,

a peptide wi theyeoast pree reyiod of adew axpgacty farm pn elaglds g5}, sapsisting ofat ri x when
ixed with a,P F oyl sul ' i
mxed wth a,bEG{ Bppgp’l%ﬁtaﬁq‘é, 1’3&8&?% ﬁ%tlﬁ)g%ygﬁ}{% R&wo %@@@P‘}%ﬁ hi gher pH

vi nyl sul f ones "at eac s arns si ol ogi ca
(e.g., 8 to 9)conhketimpelirddsi dihe paptides ahisbe Eicrtelod pretedseatibaratas, o gher pH, but

at the tenti al expense of. self- | ect.ivity. n the two liquid

precurs coﬁﬁ&’d@%f‘gtﬁﬁpﬁmﬂﬁ8@%@9‘%&%’1‘%31@{1&%@ a\r/l\ggegma%‘?y ‘éeulﬁe i od of a few
mnutes to feydundin &'pAstbinbad&l netwBAS kiichi B Gh #tibriA nRNOPIef@hbIFRfe Cchai ns,
beari ng the nodes of "the network, with the peptides as connecting |inks.

The pept i des sequanéss is dlectomainsease pehstratas ©rsupgnesdheigre yogdimcalb make the
network capablic. gty bei ng ALk AL ed R0 HSUARG DY CBl Sy 85 1S done in

a protei n-basegr ne as in i brin m erdbly the

sequences i NniditlopeotEingk (MMP} obslhstaky; alth@ighsniyble dombiak afymt bavol ved in
cell mgration ., as substrates for enzymes such_ as col | agenase,

pl asmi nlomet ézmi@_(sﬁ{e) hErspenqeR/PPng paiclaty sl seruase e SsEdBl e domai ns
"% 0%, 15 bk L 0SS peusasen. M i qpisael ), Senuence
char act eri st itlesgedd cantheengepyated by sbanging the dethdslofihe phytivtyi thef setves det ai | s of
the peptide ta? ﬁlte c%(()asrs}iﬁliing 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 Kcat, or both, of the enzymatic reaction. One can thus
make 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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as the cross-1linking nodes. One nmay nake a gel that is degradabl e by

col | agenase, but not plasmn, or by plasmn, but not collagenase. 20
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as to alter the Kmor kcat, or both, of the enzymatic reaction. One can
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such a study gs for the inportant protease plasmn. The
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vinyl sul fones and PEG thiols do not contain hydrolytically degradable 13
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protease subshy,ales v, ﬂlvxﬁrécbsmﬂ&ftlrvdieﬁstlfsgugmam \%gmﬁ%t he body. The
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are m xed; orfduppelymesortherchamPBE neaydreasead, sithempleclxlical lyvrtodiffedrowc| eophi | i ¢

groups d the her precursor nol ecul e contains the electrophilic groups.
Physi ol g&l calm%cgﬁ?cﬁ%n@jﬁlﬁ stfigrg&%upgs the solvent. Mninal heat is generated

by reaction. Ther elopnfst Keﬁ_ﬁn%ﬁidﬁiaﬁ@ﬁ‘s, aRralRefeall fgBsv®Wr nhiBrativh\6@ Or in
vitro, in direct contact with tissue, w thout untoward toxicity. Thus

pol ymer s ot h&glls minthpp@tivain ¢renhisation veih sreadapted deprafation nate ofdhl fi ed or 10
nodi fied on -1 - Sl ¢ Eﬁﬂﬁ% | I ndi ipns, the rate of
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relation to the size of the cells or iIf

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 hydrophiliq 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 not
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the rate of degradation of the matrix, which results in creating nore space
within the matrix, is too slow, a very limted healing response will be
observed.wBb@alos2eg1 matri ces found in nature, as e.g. fibri ®CFASOL/¢H$4 whi ch
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to matrices coecedtratien ¢ighe pracirsprnplecules aronthahigher the endvelumeicd not 14 WO
03/ 052091 PCL/ 2/41114,  deqgradabl e i.n, agueous vi ronment.. . .Thus swel | i ng
of the poly rei%fy%ﬁé e\%bsr‘éhelnsl?%ﬁpglgers ?tgﬁgwﬁgrlgﬁ Sg#%e ]iﬂ%s%c%%wllfl?nlg d pace

bet ween t he kietielyiif ho@hall %.allowfoesgctnt\sevellingtdhd is badtichlagifelncent rat i on
of the precursor nolecules, hydrogels made fromthe sane synthetic

precur s noliskagedermed, rpmghe prepyser compopemEaranoh Wdelhtisady and a pepti de
with SH grou I I L B state. This
means that t AP ARG il el Find GEREAR i Wil Bt 0

nol ecul es ar &s a doasdvjughes, thehmptionuh baivaeretvaf contdadictor g raméemests fdren i t

reaches its equili.briu tagte. If the spac vai.lable in the body is too
Cral | ro b1 B HeaHon A Hedolh fiustin iy “GReT rell Bl fohaal viSfRat 1Y 1 nkage
formed from hB8iBIMER haSE BRANGRES e Wathihrdd e biat 9bllrymeridegr adabl e,

the rate of cell infiltration and the healing response will decrease. As a

consequéice, netveork ferinredfrave thegerrtionot e dnfunefénnel brapcledpolymesteyithsatf or
application i b J . ; . 4 nfi i on and
subsequent %egﬁt @ﬁeﬁ' a(f%lglé B{gﬁr:sz&enélgﬁ%\g/%ﬁ%glenn@%glélﬁégl g\i/}np%rLd %age? éléée)e- di mensi onal
pol ymeri ¢ 15 preinwor knolezuteatiatfis ariedsh e bifaadionaimolecale! riHeuntid oOnal branched

olymer with at
poly " 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 achieved 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 péssible. 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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| east three arns substantially simlar in nolecular weight and a second
precursor nolecule that is at | east a bifunctional nolecule. The ratio of
equi val erwowaioggep1l of the functional groups of the first amdTasov#idi4
precursor nolecules is between 0.9 and 1.1. The nol ecul ar wei ghts of the
arnms of the 20 first precursor nol ecule, the nolecular weight of the second
precursor npblaitkie natwbrkhe functionality of the branching points are

sel ected such tha er content  of a'\tx&% resul ting polynmeric network is

he t )
between the equi }TPB&’P]&PH tyRen grllingtige Ghtlaing cORGERIREANIN wei ght of
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| ow as possi Bmetiongity, of thetyapehingpoints, hay o bepdiustadeceordinglyuths n parti cul ar

for those maytiges. ohGhdendns 6 Bliho/llaedn egragasi on and do not

contain hydrolytically degradable [1nkages i n the 03/ 052091
PCT/ US02/ 41114 pdd thadirsterevetrseo nioleclifeea thadean feurketvpedymepekith mg ti ne and | ow

tarti t.rati [ icul f hydrol ytjcall -d dabl
A e e e B e A R T

nol ecul es. | g |p@iddifitfénal hiweo‘élec@fe@&%lgra ﬁé?ﬂi(%’@onﬁﬁnihﬁﬁt REdtBwef the first
precursor nolecule, the nolecular” weight of the second precursor nolecule

and the degr egsteihe graapsHhemtheimadeculdyeveight o€ thegmap of thedirstmecussagnchi ng
oints, have_tq be adjusted a rdin T o l.r i nmechani sm has
: B0 AP A57 SO b o5 PELS gofSl a0

a minor infl ¥ precursor nhol ecule a

three or foupreferably@hysearsush that thelihkk bawietw thelbrgiching pints hkerend of each arm
and is the second precursor mlecule. a linear bifunctiagnal m)llﬁcul e,

pref erably alpfapticast thsmeavenkiygvar maleatar prght & ie &mpe oh betsen 1Phen t he
ol ecul ar Weluggﬁ kB (uhdi? 1R Bidfonk B8t tHle"1tics eqﬁfeﬁlg%tbrayélﬁay' e and the

nol ecul ar wei ght of the second precursor nol ecu are preferably chosen
such that t herdfenakly Ystvewmerl andd 2dddanidhd allpwsdbna staringesoncentration 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 molecule 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 5kD 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
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15 formation of the network have a nolecular weight in the range of between
10 to 13 kD (under the conditions that the links are |inear, not branched)
,  preferablogoiwpiveen 11 and' 12 kD. This allows for a st &CTiusg2/41114
concentration of the sumof first and second precursor nolecules in a
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(before network f rmatio% I n.case, the branching degree of the first
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functional gpRUPS: &hﬂ&%ﬁﬁ@cﬂ@ﬁ%pﬁl%ﬁﬁ¢ﬁg?‘&ﬂh@ﬁn§9 $ulfoRst preferred an
acrylate or a viny i;ﬂfone and the functiona groups 0 :@he second
precursor 5 griupeahe therrerandasecyrsonsadenyld isiapegidrlppvingreyseingbl y a thiol or
am no groups. _ 1n other -prefenr ient  of . nt..invention the
first precurgfﬁup S'rrl%ﬁ)é)t(t:% rgfel%segg 8§1r%le§1?%%ga{ggﬁj(gecg)gﬁéngr?%&ggﬁo tg%llﬁll ar wei ght

of 5kDa) pol yiéfst ahdvécogd bredaisoomalecge eapss foni the 8tte t iweight &6, each arm and
the second precursor nolecule is a bifunctional glglc nfgs%r nol e(:_ful e of a
Riphe

mol ecul &P wePEHeraply begvegne Wewﬁgh%ﬁ%?(’@ st _ﬁf‘%ﬁ‘% red between
1.5 and 2 kDsefoﬁﬁig?ic?]@o)‘motlééﬁlefdnﬁ%at&{j(ﬁf%féﬁ?mﬁ@dr?&‘ﬂo%&i@ pol yet hyl ene
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M" FhitiHes. These compositions have a gelling time at pH 8.0 and
37°C of about 3-10 minutes after mixing.

20 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 linkages will 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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of first and second precursor nolecule ranges fromthe 8 to 11 weight % 15
preferably between 9 and 10 wei ght % of the total weight of the first and
second prwouwsssnol ecul e and water (before formation of poTyUser/iai4
network), preferably between 5 and 8 weight %to achieve a gelling tinme of
bel ow 10 m nutes. These conpositions have a gelling tinme at pH 8.0 and 37C

of about 3- lQifferéttiacion edrey, AMnkuhReviellof#IgRioldys, SR161-X7TABYBL NS
hydrol yti cal |y de%r adabl e linkages, fornmed _ e.g y the preferred reaction

. . b
bet ween acr y ST esresifis proteipg thaphavigdern shasvistorby raftiylarkygstive t o cel |
infiltrationgj al )y i r i i hai i n agueous
envi ronnent t Czuc%?n giélg’sdl%)ﬁelwg’e ‘ﬁ%ﬁc J% ’yﬁzﬂg ’gﬁﬁ%#ﬁeaﬂ gg'? %ﬁ wll be
| oosened, t o(ladndexyJowmat ef Trendst inl Neuealogival Stidnbe,dR: 889532895 i n t he
overal | hranchin r of .the pol yneric net k the | ecul ar wei ght of
the interli n@,I‘Y%F@%%tﬁiaq”é’ﬁbgWeg’Fe‘%/?@thﬁ%fnﬁg@aSitbﬁ%‘? .tﬂﬁ. Cel |
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a host of bi ti I S . | . This dense network is required to
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support the I NS I'n the matrix have been shown to

con'; r ol ;:ell adhgs;??ie,ofslﬁr@adiﬁg?qUEh@arsalhdtdﬁeall}dinteie?ctWilh?ﬁllﬁlﬁﬁOQ|1

PCT/ US02/ 41114 ifferentiation (Carey, Annual K Revi ew of Physi ol ogy,

53: 161- 177, 1%6RiP!s a5GRauds ctihrpadisaionspreagingtos sigaak transduedion lB¥en shown to be
particul arlypagtiqugifidgnc! ude lam nin, vitronectin, fibronectin, fibrin,
fibrinogen and col lagen (Lander, Journal of Trends in Neurol ogical

Sci ence, 12:189- 185mitif30largebmidtidymsinpadotein (dartimmdrmivnl Rewiey ffeen conduct ed,

and it has b h t hat LN, pl.ays .a vital r.ol n the devel opnent
and regener a?’?@’ﬁ%ﬁ%\%}%3557fé1fq$%oha§r?§¥?‘n§lfw @eﬁopgsﬁcﬁt@ie? F]E)a"fs\/\i’l i ans,
Neur ocheni calyifRege@ariceptar-Bading 36faint 98Kdse réGeprltindife HGmangi ogenesis.
Sone of the specific seauences that directly interact with cellular 10

recept ofs anépcidesbe SIGRR(SEANELNON) ssppensaiohthedpmiiigRAlcheipdtsduct i on have
been identifiggh &aMugoBo.ode! RRGEKIMMnd O NPl BidMBhibsky), Annual

Revi ew of
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, ef 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
IKVAYV (SEQ ID NO: 5) of the laminin A chain (Tashiro, et 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 (Rouslahti,
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 B1 and B3 integrins (Hynes, R.O., Cell,
69:1-25, 1992; Yamada, K.M., J. of Biol. Chem., 266:12809-12812, 1991),
IKVAYV (SEQ ID NO: 5) binds to a 110 kDa receptor (Tashiro, ef al,, J. of

18



Cel lul ar Bi ol ogy, 3:57-85, 1987), has been shown to consist of three chains
with several receptor-binding domains. These receptor-binding domains 15

i ncl ude tWe o¥o&8R (SEQ I D NO 2) sequence of the | am nin BCI/ushzini{ G af,

et al., Cell, 48:989-996, 1987; Kl einman, et al., Archives of Biochemstry
and Bi ophysics, 272:39-45, 1989; and Massia, et al, J of Biol. Chem,

268: 8053- 8058i0l. 10%3). , 244R@EDIU (1 GEE2, [1D8NOL uRenbill-Edds, braul, dleli TRsspbhai n

(Ignatius, et al., 0 i ol - 709-720,..1990) d PDGSR (SEQ I D
20 NO 4) of}{fsl‘fé” ‘lhagﬂ%gwggﬂl 1?h§)i= %%RR&%%Q&%N@ 5))ali’“.l‘,(??s tp KDaseyeral ot her
recognition f I m i hiik&e. These incl ude

| KVAV ( SEQ |%%%.8P§§ﬁ%fe P%lﬁg‘gikgﬁm%%@%p‘c(ﬁgi n (Tglé ﬂfr'atgbﬁge% al., J of Biol.
Chem , 264: 1&hndackchids toliB8a),paimdegring Zstepute Sontafi\ldAiEr.| KDY (SEQ ID NO 6)

of the | am niin B hai_n .(Ljesi t.al., FEB etl. : - 148, 25
1989). The ré@@ﬁfoﬁg’s 7[4511(34071%%9%03' ?ﬁ%gﬁ‘gegfﬁg rh@ﬁ@%@é@i&ﬁé\; al so often
been i denti fef 6) fequR@aas Abt Kehléorfedr eceptors that has shown to be
responsi bl e for much of the binding is the integrin superfam |y (Rouslahti,

E., J of din. |nlesfurgerprgferred zmbodimeng paptide|siteslyr relbadhesiopats ei n

het er odi mers. t hat consi s f.a an 3 L LS. evi wor k has shown
that 30 the F’I’cfﬂbogf)ag‘fdc]%ﬁ%éﬁ%bﬁtrﬁ)&sn agigiys%eijérggﬁnth%%img{r’? cq%%gril'nt egrins (Hynes,
R O, Cell, pfictngPecepdPon themadaces 6f Mils idtoahdbiomatedaiiofthe?66: 12809- 12812,

1991), IKVAV (SEQ ID NO_5) binds to a 110 kDa receptor éTashi ro, et al.,
J. of 1B worresem savsotionpSnciuadiesion promotipgpeptidessan besglected from 16182, 1989) ;

Luckenbi I | - 1Cal | SBI6 VAK 995), VYIGSR
(SEQ I D NO E%ésgg?%%sadtegerggg?kﬁ& re%“é%tﬁi‘?@%ga%?% et ﬁgjlb ?Jq%ﬁ% ) and DGEA
(SEQ I D NO #pm fbrondctiaghn YYSGRIES) IIHNAI 2) seppuetve fadtn Rininit egrin (Zutter &
Santaro, Amer. J. of 5 Pathol ody, 137:113-120 990). The receptor for the
RN A KDL EBIERIONGE o) SRR 2 TOF el PEssed. I a further
preferred enpggbdaRht WEREYHEetR hegicésObutCRh lalsd BB @sdl@ftdayieh sdnfie@r porated into
the matrix, nanely peptides that bind to adhesi on- pronoting receptors on

t he sur facesthsfagisplmatripeso Thednanrperatian ¢am by done.tiexpopbe. sieply Bynvent i on.
St e oBy BB E 8 REB 50 SR D38 LGB LAl 0P
molecule including the conjugated unsaturated group, such as PEG acrylate,
PEG acrylamide or PEG vinylsulfone a few minutes before mixing with the
remainder of the precursor component including the nucleophilic group, such

20 as thiol-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 will become incorporated into
one end of the precursor multiply functionalized with a conjugated
unsaturation; when the remaining multithiol 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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fromfibronectin, the YIGSR (SEQ ID NO 2) sequence from | am nin.

I ncorporation of cell attachnent sites are a particularly preferred

enbodi merwowsfosynt hetic matrices, but can al so be incl udead/usor/mispne of
15 the natural matrices. The incorporation can be done, for exanple, sinply
by mxing a cysteine-containing cell attachment peptide with the precursor

nol ecul e i nchkide fi9nt frevatingu@dandd inlbbitiohahRAcemplphmetci® as PEG acryl ate,
PEG acryl am de, or PEG vinyl syl fgne a few m nutes before mxing with the

remai nder of PiPlAgigsHE cup BT BeRibeRstcell heharderg cxtremely ss8BPRI i ¢ group, such
20 as thiol-goni aiaﬂggﬁnﬁg%ﬁgﬁaﬁﬁeggﬂ@ggﬁég&e kthfe{age SFin'c%@B}a?&lhnem site

does not include a~cysteine, can em ca synthesi zed to include
one. Duri ng ligdmds hélps $1 designmndtuhderaidhd s¢lbmapiomiracignpept i de wi | | becone

incorporated_.into. one end of t.he precursor nultiply, functjqgpalized with a
conj ugat o uRSBRGFESD B cpratatis of aftErnn ey roveieby bretddniadhSa (o t he
system a Cr@gfix dgnifibagdnfhenoey the Yité bf &N iFiltANSh NB6r dxARMIL, d6tta | NPl i cation

of the way that networks are prepared here, is the efficiency of
i ncor por at i ogivet hpdmeelne RGE eensentvasiopirepasesn ba dncomporaahade 88 signals. This

step has 1o b AUSR i AkEen AR anh 851 BIBIRL LI MURHIF B OZNTS (e 0

adhesi on sit€és) cou nt erac SWth the matri x. As
descri bed | aTh¢ optimaltdoice@iativitangabf athedion eftestlike RGPdsb&aeend.0h such

pendant ol i gopeptides is conducted in a first ste in stoichionetric |arge
excess {Hini -OiGlMéPa?V?}?mﬁWIHT?fSWWdO-O@\P@éWBﬁﬁF‘iﬂ?"beﬁF‘é%‘iuéors over

thiols and i . I ; i I : 1
beT! Usog) 411 15 T Sl g ?ﬁﬂpﬁﬁﬁﬁqﬁgﬁgmﬁg%ﬁ?ﬁ%? i %ﬁle%?ﬁ?g

acconpl i shneafteriterniihatiomgifoedtéryuptaken nore significant: cell behavior is
extrenely sensitiye mal.| .chan in.ligand .densit.ies an preci se
know edge of i ncoﬁﬁ%%@?%@onelqeﬁlwggﬁélcﬂg be S&H%Vseflgjﬁr]?ﬁ@ngﬂbee@ ft%nd

cel | -matrix kil RE@6HidOMR thdraftMMAtrZ R gradiorCA TeR Withr@id Rfthadhesi on sites
covalently bound into the matrix significant]ly influences the rate of cell

i nfiltrabi onmatsy desieanin partiedar BUH §i3esevalpaivbemd). fResmsbncent rati on range
can be | nC.OrB&kQﬂag%n%%%@olmﬁl arxﬁ@feEﬁlér Weibh SURBRI B0 cloBginR¥g h and cel |
migration in“an opti way. The optimalF concentTdtlon range of adhesion
sites |i ke RGDhiaprbebhswetegradaiidh sit(GERBQGIDAFQIRENGEEVENNAL 8eat ef er abl y

0.05 nMin psr()tSb(r:lﬁ\l/IaéRz}BrSPa(SEBtIﬁ I\yTO: 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
osteoblasts and precursor cell to easily infiltrate the matrix.
The matrix material is preferably biodegradable by naturally present
enzymes. The rate of degradation can be manipulated by the degree of
25 crosslinking and the inclusion of protease inhibitors in the matrix.
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 transglutaminase substrate
domains are particularly preferred. The transglutaminase substrate domain

may be a Factor XIIIa substrate domain. This Factor XIIIa substrate domain
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having a water content between equilibriumconcentration and 92 wei ght %
after term nation of water uptake. Excellent bone healing results can be
achi eved W9 okos9png the rate of cell migration and the r&Ce/ush2/sm|4 i X
degradation at fast. Wth regard to the 15 matrix design (in particular
PTH 1- 34 coval ently bound), a four arm pol yet hyl enegl ycol with a nol ecul ar
wei ght of abmay b2hddld MAKDV(SEQ IMKNO: 10y, KKIGK (8 BQdBeOdet)y, adati on site

CCRP V\G('\DR% D 8 . 050 GRGADSP ID NO 9 i
partiQ((:;IuI arly Q@%fé@ﬁ&ﬁ?ﬁ(ﬂ%ﬁ%-r&WW%Wé%}H@% apghihe de12 eglt\s{.e The
starting congefbhadh@RsefubfEie 88daitQaR 80 hédanRalBVéntRide bfthesi of the total

wei ght of the nolecules and water (before swelling). The gels have a
useabl e consi st enthe himbghitiminasehmbsitaie dobhinsans baagubntratafiosar cell to easily

infiltrate the rix, T trix i i.s prefer biigdegr adabl e by
nat ur al | {5/ prggtésgﬁlttan%mifn% q%ﬁq,cé@lﬁa. glélﬁp?ﬁgﬂeg?{w??ﬁ\é@ébﬁgﬁi pul at ed by
the degree ofubdbatedomsin itsiaagnihé adill eeduendelsi MDEQVSPL ¢SEQIP Ni@hi bitors in
the matrix. C. Crosslinkable substrate domains The PTH fusion peptide can

be crossli nk&d) Gergincisiearediie py "Hain Pther profging that ransglyfaminasee cr ossl i nkabl e
substrate dopajn.; t ] gbnSilRst rat e domain
i s dependent {%ghéhtlﬁg’ %%P&E?ﬂgéﬂé?%%%%mg%tdpﬁﬁlédEc;gleﬁ]agg%lncor po?ati on into
fibrin matri sédstratepaptideut am nase substrate domains are particularly

preferred. The transgl | ngse substrate donmain  nay be a Factor X lla
substra?@ domai n. Thi s',[u"la—"iao rypsglufagipase subsirafs dominy o 03/ 052091

PCT/ US02/ 41114 may_Dbe_1ncludé¢ GARINDIHLS . KRIKOESEQ 1D NO  11),
or NQEQVSPL| (SEEQ B NQ: 182) . |The cougl i ngQ efmvgxlece;%qtkﬁg PTH alﬁg t he

t ransgl ut am phase bstrate dongy ) nt hesi s.
sghu S€ subs rqu% r%i%l@v% %Jﬁ‘i’h@&‘mﬁ%ﬁ?ﬂg@ﬁgse? SI'S

The transgl ut am nase substrat e I'n cam be a substrat
transgl ut arnj nase ot her than Faougingkite limtheThainmddibripegdner red Fa¢tor Xl lla
substrate dopmi n has an anino|acid sequence of NCOEQVSPL (SEQ ID NG 12)

(herein refefr e%é@“ﬁf\{&fg) . |Other pr @4Xb¥ (§hatDivanggy! ut am nasge
recogni zes, psuc ipf-onectijn, could be coupled to the transgl ytam nase
substrate peptide. A peptide that mimics the lysine coupling site in

the chain of fibrinogen

SEQ ID NO: 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 a.2-
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 cysteine goup

15 (-SH) preferably at the N terminus of PTH as the crosslinkable substrate
domain. The cysteine can be either directly 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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10 Table 1 : Transgl utam nase substrate domains SEQ I D NO 13

YRGDTI CEGQHHLGG (SEQ I D NGO 13) A peptide with glutamne at the

t ransgl utsEIRasm®I1 coupling site in the chain of fibrinogefCEREQUY/RINOG 14
GAKDV (SEQ I D NO 14) A peptide that mmcs the lysine coupling site in the
chain of fibrinogen SEQ I D NO 11 KKKK (SEQ ID NO 11) A peptide with a

pol yl ysi ne atleavedfromrthemefrix b}genzymbem%@sthﬁld@thé_ﬁaﬁ‘d@i@{ﬁPﬂ;hé SEQ I D NO 12)
A pepti de th?sie mmnmcs the cross| S|tg in a2- pl asmfn i nhi bitor

(abbr evi at ed @fyﬁgynetgﬁglp,rﬁ%c&wg#grﬁ jugptep nstiaisd gronp ofithe f or ned from

synthetic pLRGUESPEoRASHRANEN MichhByhd s ditisi faacﬂ%ﬁpfﬂ #le ce ADYEPt her

peptide to be incorporated must be Synthesized wth at [east one
addi tional cysidihadondage ta 8 syntBiic matek doalbl 1a34 is meadilppesible bys of PTH as

t he crosslink bI e subsirate dorra The ¢ an her directly
attac hed%t 0 f‘ﬁ &d{ltﬁopghaﬁmg ac |§’?ﬂ'é‘?’n°§g%{?8;@ggrmﬂl§ OEPﬁHe‘r”sequence can
addi tional | Ythaﬁ@bmdﬁlsaﬂleaﬁ@ﬁ& opidifd| The el fehad¥sttherdandesbquence, so
that the PTH can be 21 WO 03/ 052091 PCT/ USOZ/ 1114 cleaved fromthe matrix

by enzynes |W1%%Q%?&ﬁe§qu§atﬁﬁé€drmnﬁ@@th%ﬂm efig pobyimes te {o5ed ne group reacts
< e, conlygaatNaBatEabety AR Phstdi s RERN PP SOIRRDE 10 2
synt heti pdnaq)ossxb1ilm€[b§"5:1 ﬁhzﬁﬂ?uwllyrﬂdgad?ﬁ%%ﬂp?g%aﬁ? ﬂhfmmi ?g an a;jd: ti o?al
amno acid s o the e nus .0 at contains at |eas
one cysﬁ@i ne %g aﬁgﬁﬁ"cﬂu%“r"dﬁﬁ“@i‘% %P@VEP%W&ngEﬁyﬁt@%tang\fmh a conj ugat ed
unsat ur at ed e§ﬁheo11rhé BRusHdRtdrekNR @Eqrmm @5)1‘1%?&@ th@ﬁys@heﬁald i nkage.
Possibility only a cysteine is ached to ge pti de, possibility

(b) an enzynand thel seqondiedpmeaiaihecystaing anakies mlmlnnl@g@p srmnﬂegmddblgr adabl e
sequence is attac e | t he eptlde The
sequence GYKNR (SE%QI? %%@P%% 1%1&%%}@%”{%2%]@ (ﬁr@%? %11%’2140 corital

degradable site between the attachment site, i.e. the second domam (ie.

15 factor XIIIa substrate domain or the cysteine) and the PTH , i.e. the first

domain. These sites may be degradable either by non-specific hydrolysis
(i.e. an ester bond) or they may be substrates for specific enzymatic (either
proteolytic or polysaccharide degrading) degradation. These degradable sites
allow the engineering of 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 bioavailability are distinct advantages of exploiting cell specific
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and the second domain, the cysteine, makes the |inkage plasm n degradabl e.
Thus the PTH fusion peptides, may be further nodified to contain a

degr adablwogBws20bet ween the attachnent site, i.e. the seceacd/usormuiim (i.e
15 factor Xlilla substrate domain or the cysteine) and the PTH, i.e. the
first domain. These sites may be degradabl e either by non-specific

hydrol ysi s pfotmlywamitgrovaomdhsecxsfdiﬁesjoﬂmgnume@ vddedse dedtesf Br specific
enzymatic (either pol ysacchar i de degradin degr adat i on.

These degr ad9B¢ EOS§}1>E%§>EP % IBW%QTHQG @Fﬂj‘igr]i’éélﬂigﬁf ponggicEsct gsz THc rel ease of
PTH 11 om mat g} G iind § b i2elizm p%palg%@,m@gﬁﬁqgat i on based on

enzymatic activity“all he re easeo e controlled by a
cel lul ar proe@smlstateﬂécucaﬂhamexmp exthinfledipéroml afftimen@.ef mettjeat atsimgleugh t he gel .

The d dabl i Kk cl d | df [ 1
o g R s el oot SR Son e AR s B AR B o b
rel eased wi t Blok ddghRiaBibn,ARroughk el ichtyeddticeakyBgd Myﬂfdl?ﬁ’d’ Medv@pé i de

aC

sequence, which may result in hi gher = activity of the tor. In addi ti on,
it allows theftheimeass. Jﬁtmqw‘éamhqmplewieb%the@éﬂwemdtbtpulgb agseudospeci fi ¢

processes, pﬁll*éec? c‘i’?}?&t' \?e%%ﬂété{lil?c?pgfeo%tm me, ! @ng&) ngPﬁft&“ from some

porous nat er actors eas erent rates
wi thin the Saﬂklﬂﬁiﬁ'ﬁmﬂlleIMﬂEndWﬂger&DumthleaPﬁH&ﬁd)ledf‘lﬂS@nd)éanCH s within the
SI nce its

rraterlal This _al sp reduces the anount of total

rel ease s cOHfFetabER 2 BRep PGPS ?fgwsg%regf tha(‘:@ﬁ’é“&m?ﬁf?ﬁg Sfot pTH and its
bi oavai | abi | cbMiRko ﬁb&%&e%hn&@‘fﬂnﬁﬁﬂ% RhtrRX A1 ER&ves) donsgci fic 22 WO
03/ 052091 PCT/ US02/ 41114 proteolytic activi fy over the ‘use of diffusion

controlled r mteasesf@eblaﬁ@ad bbgm@nelupmgshom mampll%m@liy,(&wthmp@m strong
heal i ng of a e ect PT t boun mat r it is
doemed i npor EAARS phie TERidd-AR cied R defics R A 48 sBBleb .t ente

period of ti pmghified. not just a single 5 pul sed dose) but not in a
continuous fashion, This is acconplished by a slow degradation, through
ei ther éfzymatic @]néﬁlvﬁb@abﬁ"oullﬂlbﬁ‘éﬁegitf?rd’rﬁ‘le@lé@ag‘@gm@?“oﬁ‘lﬁée matrix. In this

wey, the ol ehlcfuls PGS Ak VeEAGUDLALIBR AIRIGmapHLORY of feot that

occurs over a sustain When a progenitor cell infiltrates
the matrix, chlla/gehilseeplasmm‘, e}astasepﬂ’crd)mdyan,mr@mndnmn agfvatiorhf erentiate into

a preost eobl %?{%mpta?%ﬁ[b%{rateis ];retlpsﬁed b%ﬁ)rv\tf I Igfji’g deriote am?n%ea'lscuﬁolt-S
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 |P1” [ P2° | P3’ | P4’ | Reference

Plasmin L |I K [M |[K |P Takagi
and
| Doolittle,
(1975)
Biochem.
14:5149-
5156
Plasmin N |F |[K |S Q L Takagi
and
Doolittle,
1975
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continue to liberate bound PTH fromthe matrix,
I nto an osteobl ast and begi n produci ng bone matri x.
t her apeutwo o3@sfoect s of the peptide are localized to the ®€frasn24Bai on and

are subsequently magnified.

it will

Fi nal

ly, the

effectively convert

15 Enzynes that could be used for proteolytic

degradation are nunerous. Proteolytically degradable sites could include
substrat es fpStromelsiagenasse, | pl asni n,Ael|ast ase, pArongl ysj $mitbet pllasm nogen
activators. | Exenplary| substrates arle lifsted bel pw. RF1-P5 genote gm no
acids 1-5 ppsitions tpowgrd {he anino termnus of the prot@pysfyom the site
were 20 protgeolysis occurs. PI'-P4' |[dengte gmi no|acids 1-dppesitigns toward
the carboxy|term nus pf [the|[profein frgmthe site where PE n(;ol ydi s
occurs. Table 2: Sanpj e |[substrale sequgnces| for| protiease| %i% age P P4 P3
P2 P1 P1' P2 P33 P4' Reflerepce |[Plasmin L I| K MK P|Taka 4'
Doolittle, [1945)—Bipchem 1 14+5149. 5156 Plasqin N E K S kagi and
Doolittle, [Styemelysipng 034950891 BPeisods 410184 | At rcrﬁﬁys&ﬁl%eb RLALT
AL Smith et{al., (1995). J| Bipl. [Chep 270:6840- |1 1 al., 1995
Elastase Z- |A |A |F A NH Besson et
al., (1996)
2 Analytical
Biochemis
try
237:216-
223.
Collagenase G |P |[L [G |[I A G P Netzel-
Arnett et
al., (1991)
J. Biol.
Chem..
266:6747-
6755
t—PA PIH|Y [G |[R |S G G Coombs et
al., 1998.
J. Biol.
Chem.
273:4323-
4328
u-PA P|IG |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 oligomers 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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Stromelysin Ac PF EL RANHSmth et al., 1995 2 Elastase Z- AAF A NH
Besson et al., (1996) 2 Analytical Biochems try 237:216- 223.

Col | agena®© 0308201 G| A G P Netzel- Arnett et al., (1991pCTUSBY/¢l114 Chem .
266: 6747- 6755t -PAPHY GRS GG Coonbs et al., 1998. J. Biol. Chem
273:4323- 4328 u-PA PGS GRS JAS G Coonbs et al., 1998 1In another
preferred enbodi mint a®PTH i go-ester domain could be inserted between the

first and the secqnd dongj.n...This uld be acc i shed usi

ol i go-ester such at eéffrp’gm? sasd‘lsecfg?ﬁ‘indm;ﬁ&?ﬁ.tﬁgﬁ%?ﬂ %E%P?%Tgﬂgr adat i on
substrate can-godl 3 nilca@BYmbdiNKASR] allik SBrsid OF BoESIR¥EEQliyRi s by an acid
or base catal yzed nechanism These substrates can include oligo-esters

such as ol i gbaes Bripptipmproperties wheny ewialently hountl toTthedegradeblematieajromdat i on of
these mager | g}lflﬁh&%nmgt?icgsq r].;rer:f%}rleg grultlchante%J \%Qsioﬁshoef fp[kﬁ)ér%%ﬁ—{ 1-%'81 BPHE" -
1-34, PTH 1-31 or PTH 1-25. Most preferred is PTH 1-34. Preferably, the
PTH is human PTH, although PTH from other sources, such as bovine PTH,
may be suitable.
Methods for incorporation and/or Release of bioactive factors
10 In one preferred embodiment for incorporation of a PTH within the
matrix, the matrix includes fibrin which is formed from fibrinogen, a calcium
source and thrombin and the PTH fusion peptide will be incorporated within
fibrin during coagulation. PTH fusion peptide is designed as fusion peptide
which include two domains, a first and a second one, one domain, the second
15 one, is a substrate for a crosslinking enzyme such as Factor XIlIla. Factor
XIlla 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 XIlla. 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 XIIlIa 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
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24 WO 03/052091 PCT/ US02/ 41114 D. PTH The term "PTH' as used herein

i ncl udes the human sequence of PTH 1-84 and all truncated, nodified and
al l eli c wepaBomInf PTH which exhibit bone fornmation prop€rtisex4minen
covalently bound to bi odegradable natural or 5 synthetic matrices.
Preferred truncated versions of PTH are PTH 1-38, PTH 1-34, PTH 1-31 or
PTH 1-25. Mosthepeef Breferably sheSEkbikt @vnaikireheleabtynsdhitemidd$éd i s hunman PTH,

al t hough PTH from ot her sources, suc bavi ne PTH, be suitable.
Met hods f or f%@g?%%%%ﬁ%&?&or%ﬁegéﬁy gringp &?@?E’r%or s 10 In one
preferred enfadi-aiibnfadl. 1\11((5:% Bfe?&?lﬂ& 'tl‘ié&?@for@(lﬁ}'ﬁ‘u&tfa’f@ ddidig Mmatrix, the

matrix includes fibrin wh is formed fromfibrinogen, a calcium source
and t hr onbi ningludes NQBQYEP (SEQAD ¥t iceWhen thibBTHssoppeptideds wi thin  fi brin

during cepagul ation. .PTH fusion. ti i.s .desi gned, as f.usi an ptide which
i ncl ude S WO HTSF&}}? ﬁg.r,m%lt_i iplpifm%{hﬁﬁgn 8@@8 @HB%%G,H’ b%%uHB%?rH}a%f’ﬂgfs econd 15
one, is a sufetfibainemiteik, B iCdifRdy intsipdgatedidydrthestiixas Factor Xlilla. Factor
XIlla is a transgl utam nase is active during coa&%:iati on. This enzyne,

t hat
formed natural |y FPofisgradation Sitgbﬁl“@?_l@’leé'%ta?@é%sepﬁmb ginof thect i ons to
attach fibriprafglips gE@lC%aC]‘%H bgtaﬂgﬁzygﬁﬁic%l Bati d HRUE FesciBE@Ed Det ween
nd 1y S

gl utam ne side chain si ne si"de charn e enzyne also functions to
20 attach ot peviopslyt Pebéarably thie depradation sitegs cleavpblaby anenayng. t he cel |

attachment sites, provjded they.include a.factor, Xllla too.. Specifically
t he seggﬁnpeselﬁg%’&%@ t%‘%@@upﬁo .tm%’}l Pleaﬁlﬁén atﬂ‘é_r%‘?{g]t]‘?rﬁ?t@’&ageo function as
an effecti VBF%H}%WS@E@&&PM K 264K, . OF tHidenAmatle d6grhadbni@eei n before it is
either direcfly linked to the PTH or it can include a degradation site

bet ween t he deprfptopicprldibetortipited tawacurieiheudrinrser pEdhe prof@dn 16) sequence
(second dongj 2t he. P | '! gsrg lncor por at ed
within fibr rﬁ{a{%{uar@?%rsng’ggtghﬁi%Slngirwv({r?%g zlﬂa?? g% Itpgggl%g%thgat e. Design of
fusi on pr ot emagid, ovith the plapemaitiod theldegraddiibr siti heingnaiddred €orvdatich i ncl udes a

first domain including the 30 .PTH_ .a_second domgjn ipcluding a substrate
domai n fér alBFGLEIUHRARE PRliERR "thig P3Ft siR Py %Bf%ﬁﬁc % site between
the first angotdfnRRCiAR e fibrin matrix as described above. However,
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.
II. 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
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domai n can be incorporated into the fibrin gels using several different 25
WO 03/ 052091 PCT/ US02/ 41114 schenes. Preferably the second donai n includes
a transglwbaniosase substrate domai n and even nore preferalblCy/usp2/aned udes a
Factor Xlilla substrate donmain. Mdst preferably the Factor Xlilla substrate
domain includes NQEQVSP (SEQ ID NGO 16). Wen this PTH fusion peptide is 5
present duri h@lmtaeofpmsg]iﬂnhgﬁteimattrmfto ploduéd interstivgbspacingelesighed tog f or mat i on
of the fibrin matri % i.s direct incorporated into the matrix. The
degr adat i on EWOE"‘E)"T)%‘TICHBh et'“ﬁ@nfqrr”%'tg“ﬁ%%} t he second donmmin of the PTH fusion
peptide can be anApRéy, %Iﬁh'rﬁos@@&%@ﬁ%ﬂl% RbitDIAD iHPRAE HRGHatiRESVI Ousl y.
Preferably the degradation site is cleavable by an enzyne 10 selected from
t he group copeomnte eejl gowth espriolifezatibnyia some qaeqsahd: biorgsiveifactars. willBy car ef ul

oura beocon?t Ban S buBt B BRI of SRR deblefidrt 49 n Ot i x

and/ or by ut idhikit the ferniitioAlof 8dhedions Fliowifig argatyes to degrade the matrix,
with the placenent of the degradation site being tailored for each 15 type
of protein ahd- Methpdsef Applicatio PTH fusi on peptide could be d| rectly
cross-linked intoptheof

i ncorporating an enzy#atf%éd;%rﬁ?%ég%?gﬁmg?%%%?%%lg %gmfe ease of the PTH
duri ng pr ot ebbdssiln.anvthenerhbalimeht thdmamechnmedbnnab@tmdaﬂh toldg aséquest er ed

fusi on pti n ve .the red DI O at new y forned
20 degr atlﬂﬁh@&ééal?ﬁleeﬁ’rg PFFHEQ a8 f?élt ‘{ﬁhﬁorpncl ude the
l'i berated PTkyntMdlicid? nued] rétaysob Bom ?@ddnis ﬁfre@e@tiveadmh@mu@@ered fusion

sequences, as well as any degraded fibrin. Met hods of Use The matrices

can be used pmculfselpcaxmponp@géﬁ@rthe p@ﬁurserrcm@%ees phayldpe sgparafadssues, and/ or
rel ease of ;ﬁgﬁ ralrpgﬁcatt n%“fﬂ{%tmﬁéa]ﬁl Hl% 58& {d@%%ft%ﬁl&?;au  SOMe cases It

wi || be desi uce Cros Ite o admnlstratlonto
conformthe nmwatmlﬂmabhet}ier andee cemdmm thaplllavt ppliymoeriztibeor I N ot her cases,

it wll_be conveni par the matrix prior t | antation. Cells
can al sé°be gg‘ﬁ%@l ?’g&f’ QB’rPrSYeWSOIHf“Cté’Pof H’eaq?ﬁ“ 5 8o Kitip| ant at i on,
or even subsgfu@Nephftel EH&'&E}{p%Tsiti%Hs fr6inl 38K oftbr Rhy BEBSROUGY O

mixing under conditions that allow 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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crosslinking of the polynmer to formthe matrix. This may be in addition to
or 26 WD 03/052091 PCT/ US02/ 41114 in place of crosslinking the matrix to
produce iwWDe@B®510p1 al spaci ng designed to pronote cell pr@®Crfusozasilioh or
in-growth. Although in nost cases it will be desirable to inplant the
matrix to pronote cell growh or proliferation, in sonme cases the

bi oacti ve fact-drandsitdred sépakely oth 4 solirtidi &f thranlitsin trad ealefinc@ildride

proliferation, ecific applicati is, to_inhjhit the formtion of

adhesi ons folr‘?ugf\%nr igg-scﬁ%%’ﬁ?}gn fange O%P%@stoép Iﬁéflsi &E%BV%W solttioRe pref er r ed
embodi ment ,  tfopthEEileiogén baﬁxBJ:EHEjgtijdih@b@fér‘éoluﬁoﬂﬁtQgrefé?l%g body. |n another
enbodi nent the matrix can be forned outside the body an 10 then applied

in the pref orGopgenitgtipn of ThmMéncludingredditionally dNa€lloba pmfierer om  synt hetic or
nat ur al ec I ive.of the kind of precursor
corr;l:J)onenlt[g usggig{%%agﬁgggﬁ%}w 8%%%@2@%% sglﬁ‘beu(ipﬁe g@%@gﬁ?ﬁ?‘%ﬂumﬁq or to

application aff38M)ri xture to the body to prevent conbination or contact
wi th each ot her urider condi ti 8n€‘ t hat al | ow pol yneri zation or 15 gel ation
of the conponent s.DPPrpieErsd snbediment @ kifs whichicontainsiafpgion atatein, a kit  which

separates t hqy&gg;g@@ itﬁﬂoﬁib'in,fah&’@cgl_%ﬁﬁl% (ger’ éﬁévi&a@d%ﬁ@wy&oﬁe 1 Xi ng under

condi ti ons that | ow pol yneri zati on, ositio ma  bioactive
fact or suppl enssheadgin hreeesskiikiemenzynmsl suchtasdadtor Kifjie ifienfysion pkdtein pr ecur sor

conmponents a eir..concentrations | i ng.can occyr. quasi 20
i nst ant gr?éousqi%?{aé St"ﬂle"?lS‘Qr’ﬁuifle 101, B SFrﬁtgﬁOH}?fr?@fiaﬁﬁ?SSlﬁ‘ﬂﬂ%e%@Pﬁon, i e.
squeezi ng of ddwgragatibesitdBitatdithe bitsau@ohen il B164dt9B t8&dITee al most
i npossi bl e. Ifﬁ .one enbodi nent the matrix i s formed fromfibrinogen.
t

Fi bri nogen, tHHBREFPten mayheuesspt inpither the fibenegenns thgetheomlinf or m a mat ri x,
25 when broughiutioch §95 ' %Fﬂ-ﬁgg‘% i ' ource at
appropriate tenl‘lpgr aturg?eg%%éﬁpﬁb e thré;g éor%%%@hﬁéryganﬁ%ﬁ?%ggen, t hr onbi n,
and the cal dbsiom podeine, shoul d be stored separately. However, as |long as

SR PG IU R X D ENERL AN SR
enmbodi ment  f ivHitAGERAg becls B Yuéeting MRl ohitelRYOr 81 Stiflges through a
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

28



additionally aprotinin to increase stability) in a buffer solution at
physiological pH (in a range frompH 6.5 to 8.0, preferably frompH 7.0 to
27 WO 03/Wb269120PCT/ US02/ 41114 7.5) and stored separat el pCirrusnr/a11sol ut i on
of thrombin in a calciumchloride buffer (e.g. concentration range of from
40 to 50 MV . The buffer solution for the fibrinogen can be a histidine

buf fer sol ut i%RRA 19 agwerveyr wanecting device and e cofiteti® ardvhixedbyidi ng

additional ly : concent rati.on of 150 mM or TRI'S buffer
sal i ne (pref esglgﬁzi/r?gtatth@rg%%g%ﬁ%ﬁ{ﬁftgo% neg?lte?%me_ 19 theLOBRCAIBEr ed embodi nent,
a kit, which dsviseaiOpsionalty sheornpectingidevice toiihdae@Ae nliké: R fovand a

cal cium source, .iS {ovi ded. Optionally, the kit nmay contai’h a
crosslinking n%%wlgﬁ%ﬁe%% Factor Xllla. The fusion protein 10 contains a
bi oacti ves factor, Ig ashbEied ARi : L.nki and a
degradation sjte. .be?#ween tﬁ%bgﬁ'g%?ﬂ}g{egijﬁgoﬁiﬁgﬂﬁ G%F%%E: OFQZ/%%TEaCt or. The
fusi on pr ot eithrombjn edilytesséhfold priaite mixingh@hisirbtio resgleyinargeldiont hr onbi n

solution. In [ odi ment the fibrinogen solution contains the
fusi on prot eitﬁg&é@ﬁpﬁ,ﬁ%ﬁ%g@ t T4 preferably m xed by a two way syringe

device, in whichlmnbther prefetes ebBodieleat Thdakias fRRE Mo QhafR@Lh Syringes
through a mxing chanber and/or needl e and/or static mxer. In a preferred

embodi ment  b&FUFIOR FPRBARGRISH38akn phsiergoinga Michaetadditpeareattiony i n

| yophi | i1g9ed fsogddthEhbdi&sonal Ln-the fusion 20.protein.
Prior to use, the iris or rfiﬂ'srtl %O\r{:g()@gg?egl?&lhg}nélgggﬁ’bto Y Fracf; i nogen, the
buf fer may adftdi mplsiae¢apjorcompanent dthe odnjngated ﬂi{sauﬂratﬁpﬁliohdi)?ﬁ(!)aiib ppybin i's

di ssol ved i n, htﬁre%%l o um%rﬁhl grb e solution. Subsequently, the fibrinogen
and the thr o_r$b| hosorue e Atk V%E’ellfﬁtﬁ’{e@é‘iﬁfaé?@l’é@htodpﬁ@?%ﬂﬂ al s/ syringe
bodies and dietaeaie AudlpLiIRYeorfidaR bhAhelfifhiGbop® rfSndhy | WO- W8y
syringe. 25 tionally, the containers/vials/syri Rge odies are bipartited
t hus havi ng t W&H%Wﬁp@éw@@wlmménomg@mtamse)rghastati on which is
per pendpgul agyy g |l...0ne _of the chanpers contains the
| yophi | i sed f?gﬁ?é\%}géﬁ%*r& tﬂF§P |¥ﬁ, R?nsilﬁl%lstcﬁgl%{hﬁ%rtﬁ%ﬁ er contains an
appropri at e bttdcherenssitesnidadditionally the bioactive molecule. Thus, the first

composition of the system can for example include the solution of the
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 components are stored in pulverized form in one of the chamber
and thfe 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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30 When the plunger is pressed down, the partition noves and rel eases the
buffer into the fibrinogen chanber to dissolve the fibrinogen. Once both

fi bri nogewoandszobr onbi n are di ssol ved, both bipartite syriPegashvdiies are

28 WD 03/ 052091 PCT/US02/ 41114 attached to a two way connecting device and
the contents ar 1 xed by squeezing themthrough the injection needle
attached to tHehe pithegstensey e the sepienemef] steps of e method déscrigedlevi ce
contai ns a Stigkd; i j 1 X of the contents. 5 1n a
preferred enb}%géllﬁre“ﬁhétﬁtadeeb? ?@gﬁog%gjr? (ﬁ%lé‘é(e@:al%altr%&mz?wok CHO¥FEONt hr onbi n i s
diluted 20 fold prior to mxing. This ratio results in a gelation time of
appr oxi mat el y. one mi.n .. In anot her preferred enbodi nent, the matrix is
formed from @XWﬁCM%F@W%?‘HWﬂ'@HﬂX beund fIGP'BH. under goi ng a M chael
addi ti on o eact i on.SyktheSistpardpeznucl eophilic precursor conponent (the
multithiol) only reacts wwth the nultiacceptor conmponent (the conjugated
unsat urat ed group)PTat 194gner psptide stvvinsimdlacanivitp entie whule profane to be

stored separ i L. xing, are., the base he . nucl eophilic
conponent an%hf@hgm%% ?ftggsgglggigrc m?%%%ﬂ?ﬁ‘tz.e‘?@éftﬂmw&s?ﬁﬂ firtgPerlfdecor and t he
mul tithiol coppbessnethods.stored as a 15 solutions in buffers. Both of the
conpositions can i r]f:I ude the cell attachment site and additionally the

bi oact i ve nol ecul é HW{'}@?S VR sypthesizedonnelid iresinnsing an mgosyetiem can f or
exanpl eztioncl ideSnhedisd, g i ¢ component and the second
conposi tion %?ﬁt. hgi?rslysteralgglr%%f&imtgc ugdgH(ﬁjﬁ[gﬁ{sg%%hadq on nqﬁgelﬁﬁpﬁ’i accept or
conponent . EiPepiides averdpurifiesfbyt ¢18 c:hﬁomMOgraphypmﬁlidnthﬂédﬁﬂﬁ%fd%}Sgde t he base.
I n anot her e@%gic%%atmt he nullgt,ﬁﬁcée tor .and the nmultithiol can be

i ncl uded as SoTutionauoerapay iig BRPELPS BRI 78 elleasswasend conposi ti on
can include speetrbsdpy (MOITEY té [¥@ntiBHe FoldcEr VELUF Sf éa@hﬁ)po%ugﬁne way: as

previously described for fibrinogen. The bi partlr.e syringe body is equally

sui tabl e for Y518 ek metad, thefplewingmeptids (borepureéartes. to kn STERTES fi bri nogen

and t hrogbi nyLigdmdsiiacceptor and nultithiol conponents are stored in

pul verized formin one of the chanber and the other chanber containes the

basi ¢ buf f er NHEesnf-Gln-Gli-6in-¥xbhsatRe-IaueS drnadl see did- dedapmnsiyate preferred
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 (SEQID 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 polymerizing fibrin gel.
Defects were left empty, filled with TISSUCOL® or TGPTH was added to

25 TISSUCOLP fibrin at 400 ug/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 (LCT). The percent of the

defect volume filled with calcified bony tissue was then determined. When
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enbodi mrents of the invention. Wile the conpositions and net hods have 30
been described in terns of preferred enbodinents, it will be apparent to

t hose of wRioBlsiom t he art that variations rmay be applied POTIUSO2/41114
conposition, 29 WO 03/052091 PCT/US02/41114 nmethods and in the steps or
in the seque f. st of the nmethod described herein without departing
fromthe conérhggetc% ‘Z?{F?‘%ife%fér’ erspuaggio formationafiealcified tisExaimside tHe  Mat ri ces

cont ai ni ng cdibainenithiy. WoREADNT i RS Shl (hGETH. PTH 1-34- mer
peptide showing simlar acti vﬁ%ﬁl{%gﬂﬁg&vﬁg&éﬁ%ﬁrﬁ”@? Hr,a"tl%{;r’p?r ot ei ns of

this | ength ®8Re Bealingas weli Hoveyyr, stithriiandios] oot VBT REAIdF[ synt hesis

met hods. Al l id re synthesized on solid resin using an ‘automated 10
(RERLY O%g‘gef g ”é‘f%?’?& deprapticpliyy maththerdetaot fillodcvbomgl  chemi stry.

pepti de synthesi zéer

Pept i des Swer ealpiftedfbogél by c18 chromat ography and anal yzed using reverse

phase chroma raphy via HPLC to determ ne purity as well as nmass

spect r oscopy 20 i deitealipg résponsd with nevdified BINH RB44aGkR&GY oduct .

Using this ngf Dedhein B§edL! | oW ng peptide (herein referred to as "TGPTH')
d.

15 was synt hesi zed:

NH3- Asn- G n- A u- GMwtafédls Ser - Pr o- Leu- Ser - Val - Ser-d u- 11 e-d n- Leu- Met -
H s- Asn- Leu-Qd y- L;fﬁ H s: gu- Asn- Ser - Met - G u- Arg- Val - G u- Tr p- Leu-

Ar g- Lys- Lys- Leu- G S ROPLIgY versian ofdiHhpe oo {eSEQ@rparaNa@ inth7) fibiin Vi VO

Resul t s1@0 ThetrBCivhybde¥ t&ak i ng, bone .regeneration was tested
in a TISS (rr) matri x ieﬁﬁ?&[ﬁgfg%ﬁnﬁ? %}%Iﬁ%%ﬁngfh%l‘érf‘té%?l.s 26 8heamA hol es t hat

are 12 nm de¥fcthere created in the proximal and distal fermur and humerus of

sheep. These hole re filled wi.th an in situ polymerizing fibrin gel.
Def ects were Ieftgeﬁrl?%f’yg,ei Pes F‘é‘ée@P%T}ﬁﬁm@XB@ﬂeﬂ@TGM%dded to 25

( pHCONGE Fbmakh on of 12.5
Mo/ e AphRSlimatlh Snddi oWl IR thhombis v e g S L er this healing
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® thrombinh concentration (about 500IE/mL). A
pre-determined amount of TG-pl-PTH; .34 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 PTHj.34 as the
bioactive factor :
(N QEQVSPLYKNRSVSEIQLMHNLGKHLNSMERVEWLRKKLQDVHN
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;.3, was made by chemical
synthesis. Purification was accomplished through reversed phase HPLC
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30 period, the animals were sacrificed, and the bone sanples were renoved
and anal yzed by mcro conputerized topography (CT). The percent of the

def ect vowore/o$iobi ed with calcified bony tissue was then aerarset/sai4s When
30 WD 03/052091 PCT/ USO2/ 41114 defects were left enpty, there was no
formation of calcified tissue inside the fibrin matrix. Wen only a fibrin
gel was addedC1$ éluéfﬂlhlbs*upmg@t"ﬁfcéamﬂlenoummenh\émthmgﬂmd imelfinal However, with

the addition TERT l'i ng increased

dramati cal | y,p%d]{%gﬁ} ge de?i:‘é’t Gri Ililihgg é"#’f&h“i GEPI i3t "@8 bone. EXAMPLE 2:
Heal i ng r espaktemmedho bodi%l ed PTH 1-34 attached to a fibrin matrix
Materials The nodified version of PTHL 34 that can be incorporated into a

fibrin 10 matrix eplingresrapse was e¥ploied ahb@hlsh@'t fk@pﬁkﬂk@d longhe criticial
Size rat sCrampegiin bgoﬁﬁés\eﬁlvlzeet j%%%wggllgw&m 'i?nhea gé%}%i)r) Ki t

(Baxter AG CH 8 rrn sea pre 3l 8rrponents
The fibrinogehsssmed. diluted in sterile 0.03M TI’IS buf fered sol ution (TBS,
8ny/ nL solution and the thronmbin was

pH 7.4) to forma r oxi mat.e
diluted in sterilggjt ﬁﬁ\fﬁégéfﬁ‘”g ¢%n to forma 2U/ L sol ution. The final

concentration of Haté)wexetaﬁ@é@théﬁﬁecﬂmﬁ 8¢ bﬁhﬁ@bo@@é@?ﬁ%@ TR mul ati on
(about 100ny/ m,) and - 160 o;qld%l nal TI SSUCOL(r) I'n concentration

(about 5001 EPFIYsteym op ﬂ@ PeersrRereef th‘rr@t@nmnovvasr@trmte@wmhasn vauldrGPTH 34
was t henrpadd form enous

concent rﬂgti o%gtﬁggy%g?lhhfh&%%&b Pda“gla S%ggl %W%@S?@B?‘ga%r e i xed

t oget her by craatedct”lihmddfdm si‘ze lWaB nbmn ak ftthas b prevdeustpé@iniingd t he

t hr onbi n. lv%gae of %E def ect (las descri bed below) this

m xture was et Aeteris é%Fnoir "ch @t§qutﬁU60‘éS Yiheal by desmesetvesrandt ed in sheep
cancel | ous b@.fteorlti’éﬁﬁé’li‘e @fdts. fTIY ddFe@Has fﬂ%’@éd‘%ﬁ{‘é ef‘or?wﬁ]fﬁ') phes. In the

first series of animal experiments, the efficacy o usi on protein
cont ai ni ng PMattigandithephial iyias aowedtof et for 3 (ANOFQVeck SPINKMTS:Y

SEl QW&I%G(HE'%W%}? Ll%%ecy HI\(ll analysed via radiology as well as histology.
Results

When TG-pl-PTH;.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 thBMP-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 results 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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F, SEQID NGO 18) in healing cortical bone was tested in a small animal 30
nodel . The sequence, YKNR (SEQ ID NO 19), makes the |inkage plasmn

degr adablwo(@©03020p1 - PTHL 34). The TG pl-PTHL_34 was made pgTalsemiaa
synthesis. Purification was acconplished through reversed phase HPLC 31 WO
03/ 052091 PCIT/ USQ2/ 41114 (C 18 colum) by using a TFA as the counter ion
whi ch resul t E2pIe 3: Hepling responsp jntthe nat crapial defectwith modifledPFE i ty of t he

TG pl - PTH1L_3 deter o 5% Thes heaT espphse—was expl ored
at both short \ﬁeeks) anlgg%%()(klg/m[@ heaﬁn#g Eldﬁgs (Ee%%gg")d%?e(ﬁflet ermne if
an enhancenept in healing could be qgbserved. Rat |cfiliéd ¢@&hbsh&e [crani al
defect Rats e—ahaesthetized-—and-thHe cranial bone was exposed] The

peri osteum oﬁ?ﬁ@ outer surfac® of tHe crafPumwas retratt ed solthat it
woul d 10 noft@LAWTTII.0l E I N g heal|i Ng pPrycess, [anda g ngte—8nmm r ound
defect was C’Tegtlg%.ﬂillﬁ?s def eclibesi ze jwas cr?gsen as it ha‘is>j been previously
determ ned {Hatplddithgt s| of 8266n or llar ger 6o not |spont ajteousl y {heal by
thensel ves, apgd—ape—ert+eal 83 ze—dgfects—TFhe defect—was thenifitted with
a preformed f Grml; rix and®he ari mal Was all gwed t Pheal for 3 and 7
weeks. The defect 15 region was then explanted and anal ySed via radi ol ogy
as well as histology. Results Wien TG pl-PTH1_34 was studied at the 3 week
ti mepoi nt, tHhese sults deshonstrateithay whes RIEy, when Itas interpbiagdd infoser ved with a

fibrin matrig alone. The .3 week timepaint chose s an early tinmepoint
s ot her - pot it S8 e sRE FetbitTaR Ry brtRm 30 Bdedincdis Rony heal | ng
ef fect by 3 bwaeksemation. contrast, the healing effect for TG pl-PTHL_34 was
not observable at_this wearly time point. However, when the |onger

ti mepoi nt (7 week¥ieepdene drilidefeeti, a noderat e dose dependent i nprovenent
was observed in t ing..l ny ' Ri defect with
the addition of no ipf1 ?bgzilﬁé%ﬁérﬁi%ggs t%(re):hfpl5 %?(#nr%%r?é?rd %%étsr.ﬁ&%lultaoairetsatsul ts are
shown i n Tabheeffect\Withis hdvendnie gh hedoscbonk. fmthefshesh deillHlefSA nvaiel, enpl oyed, the

heal i .ner . 9 .
€aling res %On?nsqecyiurl] ica ?fedcrjlllbélefec’?s?tée)tt 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 cortical bone at
the rim of the defect. These defects were then filled with an in situ
polymerizing fibrin (about 750 pL) that contained various doses of TG-pl-

15 PTHj34. 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 compositions were
tested. First, TG-pl-PTH; .34 was tested over a large concentration range.
Secondly, another modified PTH;.34, TGPTH;.34 '

20 (NQEQVSPLSVSEIQLMHNLGKHLN SMERVEWLRKKLQDVHNEF;
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,.34 was tested at several concentrations that were similar to the

concentrations of TG-pl-PTHj.34 to conipare efficacy. Finally, matrices were

33



32 WD 03/052091 PCT/ US02/ 41114 Table 3: Healing response in the rat
cranial defect with nodified PTH Sanple Dose (g/nmL) Tinme (Days) Healing (%
defect fwbDlog@dsawt h bone) Fibrin 0 63 38 TG pl-PTH -34 POTAB0O2AB1114
TG pl -PTHI -34 200 63 50 TG pl-PTH -34 500 63 62 These results denonstrate

that when PTH -34 when it ig incorporated.into a_fibrin matrix, it retains
some acti vi t§2des0dls BrERISE oggrapH]@r wateaial witheitbes EGPRH15 i5diEptor mat i on.

Sheep bone i), d9heglantiar il hasd st 658dugs wel| in a long bone

defect nodel to test “the effect of t ornone on healing bone. In the
sheep dril| nhetplvte/hytiekyapa@emisitiré wiichowdslembedddd indisd matrix duniag wer e

appr oxi mat el 5 de 10 . placed in bath f.he proximal and di stal
regi on of tf%l%%lg?}uﬁhgﬁg@ﬁtvtﬁégﬂ@gt egﬁgga_nu%p ﬂE@lﬁ?fécﬁngJMgwﬁﬁ aced in the
epi physis ofexpled. 0Ny akomest, vihadifictefiged waagesedr rounded by trabecul ar bone

with a thin |ayer _of cortical bone at the rimof the defect. These defects
were then filled B#H#San in situ polynmeri zing fibrin (about 750 L) that

contal ned var! ousyieseandlor ie bdified PTHL: HoleQliesihslihacidn 14yl MBI S vere

1
allowed to heal for ei glhéi} weeks and tﬁé’n were sacritrce e defect was
anal yzed wi thon€flefents, i sighificagtyimprdvemenhinghskealiag respomsepedasi nent s, t hree

t f osi tions re tested. First, T | - PTHI - 34_ was .t ested over a
| 2P ge concorRarEb RV HERs & irmrosonm npsy Viea! IOTREIas TaPTH - 34
20 ( NQEQVSPLrgd(bsl G- Nhitd ekt d\ wilde MR L A s hdVbinal dofee: Wi BiRdL7) was

enpl oyed that only had a trénsgl ut am nase sequence at the am no term nus,
wi t hout a dediaBewlydarmed koneThus, TGPTHI-34 could only be |iberated by

degradation of t ojﬂi'%ﬂcwﬁb si_t%gsié:dtiﬁ%lcfopce-ﬁgggmé%ﬁs%%bgﬁ-?%ed and

purified simlar urtty was determ 0 be 25 95%
TGPTHI - 34 wasg/in®s TRl eadh G €dsdd, & Sipaieidhiitdhéroae ih HRthewRiErespotsé ar to the

concentrations of TG pl-PTH -34 to conpare efficacy. Finally, matrices were
was observed. For example, when 100 pg/mL of TG-pl-PTH, .34 was used,
15 the healing rate was increased to almost 60%.
In a second series of experiments, TGPTH;.34 was tested. The use of
TGPTH;.34 also increased bone healiﬁg. For example, the use of 400 pg/mL
improved the healing 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;.34 molecule was linked to the
matrix and a granule/matrix mixture was employed, the efficacy of the PTH;.
34 was maintained. This was tested for both TG-pl-PTH;.34 (see Table 4) as
well as TGPTH, 34 (see Table 5).

34



33 WD 03/ 052091 PCT/ USO2/ 41114 nmade in the presence of granular material,

wth either TGPTH -34 or TG pl- PTH1-34. The granular material was a

st andar d woiosabwpum phosphat e/ hydr oxyapatite m xture whi ®oTAS82/¢medded in

the matrix during gelation. The effect of adding these granules on the
Ior d. As a control,. unnodified fibrin was

efficacy of

t est ed. Resjgf‘{;%’ %\%&\Qﬁggpﬁ sheap drill dgfses with d PP T . spicoEpratedins pl aced
in long bone defects, ﬁlt§bgﬂyrfﬂ TR é‘%ﬂﬁé‘@w’e@ﬁ he heal i ng response
was observed over the use l&rln ‘matrices (control) alone. Use of

fibrin al ongSt@ptesul t ed |]Doéa(pglm[,healli{emgng(\%eie&coﬁllyd Rcbohie)t e ori gi nal
def ect was fllded—wi-th wi . formed bone TG nl PTHI - QA \A sted in a

L B~

concent r at i dfi&E(GaapD o 202 1800 pg/ mL. For eachzodose tested, |a
significant [ARCHE he N Ng TeSponse pserved—For—jexanpl e,
when 100 gg/{nL T@g??%'hl -PTH1- %g_lwas used, 15 the %éal ing rate was increased
to al nost 6Q%G- pRPEHs@cond serllés of lexperinents, SGEPTHL- 34 was [tested. The
use of TGCPTHL—34—al-so—ihrereased-boene-healing—For—example—the juse of 400
gg/ mL i npr qlf&r %WéHh@al ng r@ onse {to 40% and 1@00 gg/ mL i ncrieased bony
healing to QWFIH he addigjgon of| erther nodifjed PTH _3Z4 sgquence 20
resulted in Pronger heal i ng _response than the control. Finallly, when
ei t her nodi flT@}pPH'PHIra4 ol ecyP@ was [l inked to the8 matrix and 4
gr anul e/ mat r|i ﬁ g&g};ure was enpl oyed, [the efficacy of the PTHL_ (34 was
mai nt ai ned. P s tested for both TG PI-PTH -34 (see Table 4)] as wel |
as TGPTHI -34 (see Table 5). 34 WO 037052091 PCI7/US027/ 41114 Table 4.

Heal ing of a sheep drill defect with TG pl-PTHY 34 incorporated into a
fibrin matrixTabled: Hegling of a shewpedaill Sefept withd@Id (g bouid KHea fibuip (% def ect
filled V\éth bone) Fibrin (Co t.roﬁeapnozgm'lé%-‘gl-PTHl 34 50 31,3

rlx, eeks
Sample Dose (ug/mL) | Healing (% defect filled with bone)
Fibrin 0 20
TGPTHi.34 400 40
TGPTH .34 1000 65
TGPTH, .34 400 71
400TCP

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

10 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

15 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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TG pl -PTH1_34 100 59,7 TG pl-PTH1_34 400 73 TG pl-PTH1_34 1000 77

TG pl -PTH1L_34 400 68 400TCP Table 5: Healing of a sheep drill defect with
PTH1 34 bwordosmn fibrin 5 matrix; Healing tinme 8 weeksPEAMSNE4DOEE
(g/mM,) Healing (% defect filled with bone) Fibrin 0 20 TGPTH _34 400 40
TGPTH _34 10@0 65l JCPIH 34.400, 71 400TCP Hi st ol ogi cal eval uati on showed
high infiltryroRled; « heergratiomof presresor components frsynfietisst eobl ast

progeni tor cglabSc&gupported on an extracellular matrix. Active osteoids

wi th | arge rounded osteobl asts were common, and signs of 10 endochondr eal
ossi fi cati on (choRtapataficedyf RigG-zinylsybfiovesd. By ei ght weeks, osteoclasts and

heal thy signs ofLeim ' . I t |1 ke esults
obtai ned from Cg’cl)tl nu‘%glg}L g‘%b%@grbg“{%ge‘i%{}gﬁa?‘%ﬁﬁ@ o \/D(ritsolbr esponse from
ost eocl aSt s 4mm PG envk dit.aiid0dendBane PR, meili win 20@00; SHegRivdiércant |y greater

t han absorptian in d ar.oun defect area. No 15 foreign body

i nf | ammat olroyfj &@?ﬁ@nggn ed%f‘eﬁg were é‘.""tﬁﬂilag?%ﬂrﬁt thePHstesmi@l. only il d

nonocyt e prese i I ' | ] added
e v S e R SR AT HBackie,

m neral particles. 3 _ 1114 “Exa eparation
of precur sordighlepumeihans sphitios phthegréaursonpoiyoess (praviephyr diddorvenf

e 1 2l S RS s BB AR B, e, - -
Shearwat@r delnyisaltne (tholhsStibs: ©H ALNaWSAiWB/IRiIfoHB6D). A8 kd-286h at t he
OHtermni. PEG vinyl sulfones were produced under argon atnosphere by .
reacting a Was carried out at room temperature for 3 days under argon with constant
stirring. After the neutralization of the reaction solution with concentrated
acetic acid, the solution was filtered through paper until clear. The
derivatized polymer was isolated by precipitation in ice cold diethylether.
15 The product was redissolved in dichloromethane and reprecipitated in
diethylether (with thoroughly washing) two times to remove all excess
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 (CDCl): 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,-O-CO-CH=CH,), 5.8 (dd, 1H, CH,=CH-COOQ-), 6.1 and
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di chl oronet hane sol ution of the precursor polyners (previously dried over
nol ecul ar sieves) with NaH and then, after hydrogen evolution, with 10

di vi nyl suWwbmaes0eol ar ratios: OH 1: NaH 5: divinyl sul f one PE@)USOTHE14 eact i on
was carried out at roomtenperature for 3 days under argon w th constant

stirring. After tral Lzation of the reaction solution with
concentrate gééigﬁ%iﬁr@ﬂ-{?ﬁ@imfﬂu on was filtered through paper until
clear. The deTiIRaHin 68 AR YERY): 2@6-2799'(@@311),w_z@(@eh@?,tlaﬂst)%s inice cold
di ethyl ether. 15 The gr oduct “was redi ssol ved in dichlor oet hane and
repreci pi t at@d2) A344i188hyl242.HOO7 (Vs CHOt B0 P GHL Yo &RChen 't wo times to
renove all excess } Vi fone. Finally, the product was dried under
vacuum The derieg?{dgé{/}%%gﬁ%/vas confirmed with 1H NVR. The product showed

charact e i sti c All pypitidsyuvérengnthesikal @i sobid2dsippsthg hnveutbyndfedgepsde and 6. 97 ppm
20 (one hydrogen). T ree of end group conversion was found to be 100%

Preparati on %’%ﬁ?@@%@&f? §?1%§1%%@§eilwra%@mw Bragyipghass 3 Agwith ar gon i

at mospher e bé(aﬂcﬁ?&@ﬂ'ﬁ@reﬁ?lme’i‘l'?}gg%}fc‘amoﬁﬂ Attty I BOUERE. SldtbAN OF L he

precursor polyners with acry chl ori I'n presence of triethylam ne

(ol ar rat i oad aBraved peadecfing groupk Meré tera¥sd By ptecipetatiyh effhe@eftid®y) . The
reacti on progcee i stirrdn vernight. in the ar-k at...room

t emperat ure. m‘Fﬂg(F&g%f ‘%][P?‘Fgans A8 gb‘ﬁf’? M@%’i‘lﬁ‘{%ﬂe{/\a@g‘fﬁ IV?@PE@%O% rough a
neut r al 1@l unthepepiedds vatd RAiseolagDinal.0 PN Diis-blffers @b TBENSH 7aRCt i on
product was disso]ved in_dichloronethane, washed with water, dried over

sodi um sul prdeustied ysiagHRLGE Waterss Malped, iSdDiopla sszaxclusione| d:  88% 30
conversion g I y 9% (f- o NMR anal ysis) 'H NVR (CDC13) :
3.6 (341H (1%‘%53‘2?%%%%@%%%%‘%@1%000 4arm 227H theor.), or
210H (20000 8ar m Ma#itfdrimation py chhjugateadditionceaotiops 4.3 (t, 2H,

-CH2-d H2- O CO ), 5,8 (dd, 1H, CH2=CH >), 6.1 and, 36 WD 03/ 052091
PCT/ US02/ 41114 WWS”T%&@%P%EWW%E?%%B%%?P?Hﬂdsﬂmmh pl ate):
2990- 2799 ( vndetddphild dwéfa PRGTifkbd céiﬁﬁ%téd’ﬁnsaﬂf@&on tﬁ%ﬁ‘ﬂlow}'ﬁrgﬂeo%ﬁg%gﬂ 1097
(vimCGOQ, 952, 842 (vs GCOC cml. Peptide synthesis 5 | peptides

wer e synt heshigs#idn solid resin using an autonated peptide
The synthesis of gels is accomplished entirely through 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-GCRDGPQGIAGFDRCG-
NH; (SEQID 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
crosslinker peptide Ac-GCRDGPOGIWGODRCG-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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synt hesi zer (9050 Pep Plus Synthesizer, MIIlipore, Fram ngham USA) wth
standard 9-fl uorenyl net hyl oxycarbonyl chem stry. Hydrophobi c scavengers
and cl eaws0 optosgoect i ng groups were renoved by precipitati ®@TaS02/da1pepti de
in cold diethyl ether and dissoluti on in deionized water. After

| hilizati tid | ved 0.03 M T buf f d
Shine (Tes,  pH VB nehotntfv sdticnuray PPttt B Wik RS TR “on a
si ze excl usi gicledyMildFRd WPEG- 184 Bhlu éatgd Afisdnl 8RN A% g—ex{ Efo%eo%ﬁcr I X

formati on by COI’lj ugate addition reactions MW-sensitive
conj ugat e adesll magratigt. h a pept| de-linked 15 nucleophile and a PEG i nked

conj ugat ed uns rathon t rote tic tion The

synt hesi s of gzj‘lthé ?gs‘{ Etodote] e[lfgs i\s(ﬁ)% ?Iflpléﬁ?vgf’ﬁtr‘%@gthmf%mgﬁ “1[‘3562? addi ti on
reactionsof #additidn faEiaNéfahivl-REGSsHtd Oingtstilfoed-idoabiaticel PEG the a first
step, adhesi,on pept| des were attached pendantly (e.g. the peptide Ac 20

GOGYGRGDSPG- N stepeadhesioinesptislgy yereqtigchad) nepdanibyde BE@ﬁ PePtida A¢d f one and t hen
this precursaed@sr i ng peptide (e.qg.

t he MWP subst@Fate AC%MM%%Qéggﬁé&@@ﬂ)) In a typical
gel pr epar at vioplstifponeandi themthisopredursar waslcrcvssluﬂ{eddnﬂsa, PB@rdithREG- vi nyl sul f one
(mol . wt. dssolve in a uffer 03M H.8.0) to give a
10%(W/vv) so{) v%%.\r%ﬁ&’pninoartag}ca 1 P Png‘g%s EPpIoY H’éé’ft%sp tudigs i ssol ved
pept i dejéc- %Mpﬁmsﬁﬁylmﬂ?one((%%qmm aag dkﬁ%’d R TEOA biefe added to
this solution. The adhesion p(we was allowed to react for 30 m nutes at

37C. Aft er waf®EM, pHS.- Ortp sitei eﬁtsphl@omlmﬂ@c;p@@dm@mg@lmz (SEQ I D
N 20 o MRS aikdiled DDA SaeO S AGPBANGRSAR Ry M o] zed

The gelation  occute ew m nute Ssl i nki ng

reacti on was2@din sak buffer) Were added foahis sakutidd. %&dgemmpﬁlﬁﬁe @epl et e
reaction. 03/ 052091 PCT/ US02/ 41114 on-sensitive gels formed by
conj ugat e ad@y\%‘iﬁm\ﬁfﬁ% of 3Bmanpies b3 @uémﬂ$eméﬁg% digied | | nked

conj ugaj gd umaﬁ&&%mm&ﬁ%m&&%@ gnﬁbﬁtaﬁ@ aagmreﬁ eﬁjﬂ:ﬁr? don. The

synthesis of gels is also acconplished entirely th ael -type
gelation occured within a few minutes, however, the crosshnklng 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-GKGPQOGIAGOKGPQOGIAGOKG-NH,
25 (SEQ ID NO: 22) and a commercially 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-NHz) (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-
GKGPQOGIAGOKGPQOGIAGOKG-NH, (SEQ ID NO:22) bearing three ¢-
amines (and one primary amine). In a typical gel preparation for 3-
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5 addition reaction of thiol-PEG onto vinylsulfone-functionalized PEG In a
first step, adhesion peptides were attached pendantly (e.g. the peptide Ac-
GCGYGRCGDIPG-BIR200SEQ | D NG 20)) to a multiarnmed PEG vi nylPshidSen¢iiand t hen

this precursor was crosslinked with a PEGdithiol (mw 3.4 kD). In a

typi cal gel aratlonfo di sional in vifro stuydies, 1
4glrom PEGg Vi n‘g F‘PBﬂén ("}t’ﬁ’oﬁm&g% i’%@@’?n’\?&%wﬂﬁ iplved 1n h&&MI'%gﬁ buf f er
(0.3M pH 8. Q)pH704 & Y% 8 18276 W) ¥iuse G%grglet},@ére'%nﬁew&mer gels cell-

adhesi ve, the di ssolved peptide Ac- GCGY G NH2 (SEQ ID NO 20) (in
sane buffer)leWethenam:ibfdlrto this solution. The adhesion peptide was allowed

was moxed wi th o nlt Ao gl WA Bt S YRk Rrethe Gel ati on

occur ed 5 t hihe dasifedvietfiselet ity inalie upproadHie not @ssdntedd] sigcd @agbs on  was
carried out for one hour at 37C to guarantee caonplete reaction. Matrix
formation byPressméaniglogisal mateeals diks CRM#ﬂféhsﬁ‘éqSthU@lSQéP%Ct FathiRe by

condensat | onikERRbh NS hddWbRERIG s Aol Ao BATIRI AU 11 Pl €

am nes and a el ectrophi at allow prot ic cell

m gration Nl\ﬁl’ecztmpd;ultq ﬁnacttopdhtn@eshsh aePleGaixycarborgdinedadole (CNERIEG),ng a
condensati on tlon be vve ¥I\/P sensitive oligopeptide containing two
MVP subst rat‘ér 8‘?‘%?#‘ OPRE-- GKGPQE AGKGPQE AGKG- NH2 25 (SEQ | D NO

22) andi@ commer Clvﬁ&li’%oﬁ%@ﬂsﬁtﬁké' rg/dfo%ag%ﬂaﬁé &ﬁwﬂ%{ﬁﬂ realliiddReitd onal
doubl e- est er  PEG- N- hydroxysucci ni m de ( BS-CM PEG CM HBA-NHS). In a

first step, %Gmg Fiors-pelgriand s eteétrgphlhwélyw@pw BEG tht atlo@ueREDSPG- NH2)

(SEQ I D NO th a small fraction of
NHS- HBS-Gw%ée%ﬁﬁE?%ﬁwg then this precursor was 30 cross-linked to a
net wor k by rﬁ{xdmgel\snvstelne ilbrefqmpﬂ bﬁeoﬁhmtlﬁ%(@@ﬁeﬁﬁﬂéﬁ?%héﬂﬂ&@eblﬂ (SEQ I D

NG 22) bearing thre nes (a e pri r amne) In a typical gel
preparation ¢ qre 1 %@2@@?33’@#@3@? eineg) 2BESHBE in vitro

studi es; g bOt&ﬁﬁﬁﬁ@ﬁﬁ%@h@e%&@ﬂm%&ﬁﬂyé&cm'fﬁﬁSaHBBf@w to give a 10%
(ww) solution and hydrogels were forned within Tess then one hour.
PEG-CM-HBA-NHS). In a first step, the 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

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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In contrast to the present hydrogels fornmed by M chael -type reaction, 5
the desired self-selectivity in this approach is not guaranteed, since

am nes pPwoea0520ph bi ol ogi cal materials like cells or tisgagdaser/iiilal so
react wwth the difunctional activated double esters. This is also true for

other PEGs beari Eg electrophilic functionalities such as

PEG- oxycar b AV iFHeAGE It 10BpgymL) weredept penstanh Hdwpolyeeatisonat e. 10
MVP-non- sensj ' . Ct ik QF ith a

PEG am ne. crguofk ECORAE o MECL LEANATIR EROERASRR AU u non-
prot eol yti c deylsulfomrentgonpdyil mgklslanweghad SX0kDofiotetulyr vedsidwet i ng a

condensation reaction b en, ..cQ rcial vai | .abl e branched PEG am nes
(Jef f ani nes)eaﬁﬁ(‘}% CRRT) glddélﬁﬁ&gépg%?g%%gﬁ@l’é%ﬁe@ﬂleme Gly-

PEG- N- hyzlr oxg - PsPI( 8y -PNESIEBR- M RESR- GV HBSS- ] hrst step, the
adhesi on pept%égg gﬁ]é@% he pepti%zle Rg%&gg%)sg%sﬁ %;(ﬁ%gsE%Ql D NG 20) was
react ed wi t HDANEsA) Both piseurser comppshits-BsreChisoE@IOVPBBA- NHS and then this

precur sor . -lin . a network b i xing w.th | tiarm

PEG am ne. 1 oo e £C waind e ot B Belloiiedy BRG B L1 G

studi es, botjreansquansisiue) andiee dittssigepade (sBcokdPMdiRr aoldtlie)4 t0 give a 10%
(ww) solution and f}ydrogel s were fornmed within | ess then one hour. Again,
in contrast VererREchIRSns fash ke egesniration weg 189 waighidel ofitheotaleacti on, t he
desire el fy vy [P L i teed, since am nes
25 pr eglecflt ivgﬁg%lol c%?l%% pdﬁ%@f{?‘iiﬁt%ﬁﬁ%@ﬁ&;gﬁeﬁ%@%cc I sglg@; will.also react
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precursor molecule) of total weight . This has the consequence that the
amount of dithiol 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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vi nyl sul f one endgroups of a nol ecul ar wei ght of 20kD (nol ecul ar wei ght of
each of the arns 5kD) and dithiol peptide of the foll ow ng sequence Ay 5
Cys- Ar g- ASP-08/B5209Pr o- A n-A y- 11 e-Ti p- A y-d n) - Asp- Ar g- CysPANUSOBEQ14 | D

NO 21). Both precursor conponents were dissolved in 0.3 M Triethanol am ne.
The starting concgglg/ ation of the functionalized PEG (first precursor

nmol ecul e) and the’drthi ol peptide (second precu?%‘ﬂ)ﬁ’ nmol ecul e) were varied.
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pl aced in thifectanciel.l ous bone of the di aphyses of the sheep fenur and

hunmerus and filled ‘)‘/\}%th an in situ gellating enzymatic gel. The follow ng
anount of caf¥mepled nBone foematign withtyathetic hyskolyfigalhedegradaldy. with each

group ats N=Znatwied’ 1 ng concentration of gel Calcified Tissue 12.6% 2.7%
40 WO 03/052091 PCT/ US02/ 41114 9. 5% 38. 4%
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 gfeater 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 crosslinker.
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By making the gels | ess dense and easier for cell penetration, the
resulting healing response with the addition of an active factor was

st ronger .wO3Mfm9ef f ect of having final solid concentrati @a3/usb2/pahvow 8.5
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adhesi on nnl}yiad\%/oelgg%%nsyr%lg{)%%ﬂ’éﬁp@%‘rWﬁﬁ?‘ﬁrgpélﬁ %S’fo_gdlteBtr‘ ¥BUl d be bound to the
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sequence. Here, 30 we have added a cysteine to the cell adhesion sequence,

RGD, and nort8at 4036 ef theoziginal detegtsplyngrwas fledovith gywhysforaed bene t o t he
PTH 3 d b ; bx via.th | ates i
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formed hydr agepleyed, Herhdain@resporise dieseassd R ppriadnately 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 matrix, the healing increased even further with the level being up to 50%
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a thiol, which has been shown to be hydrolytically unstable. This
instability allows the gels to slow degrade and be replaced by newly
fornmed tiwewans20These particul ar gels, hydrolytically degraaasbt/¢tind t h RGD
and PTH 5 coval ently bound to the matrix, were tested in the sheep dril

def ect nodel est.the abi 0 rix b PTHI . 34 t o enhance bone
growth. In o‘?‘ég‘?”}“l“b‘”l}%‘& ﬁ‘i"‘}‘i‘%xi%éﬂpéﬂ%%rﬁl m@#ﬁﬁ@ﬁga@sﬁhw@m 100 and 400
gg/ nL of PTH%Véi”ofhEh!ﬁi%Jbtﬁﬁé&Wﬂﬁl eluercetiadetiQnigyg matrix. Wen this was
done, an increase in formati on was observed with the addition of

PTH _34. In each test the 10 healing response was neasured at the sane

ti mepoint of eight weeks. This was conpared to defects which were |eft
enpty. Wien the synthetic hydrolytically degradeable matrix w thout PTH
fusion peptide was enployed, the healing response was neasured at about
40% This neans that 40% of the original defect volunme was filled with
newy forned bone 15 tissue. Then, when 400 g/m, of nodified PTH1 34
fusion peptide was enployed, the healing response increased to
approximately 60% In conparison, when the defects were left enpty,
approximately 10% was filled wth calcified tissue. This data is shown in
Table 6 bel ow. Table 6: Healing response with synthetic matrices with and
wi t hout 20 nodified PTH Treatnment Healing (% Calcified Tissue) Enpty 10
Hydrol ytic Gel 40 Hydrolytic Gel with 100 g/nL 54 CPTH Hydrolytic Gel with
400 .tg/nL 60 CPTH In conparison to an enpty defect, addition of the
hydrol ytically degradeable peg gel alone had a | arge effect on bone
heal i ng, increasing the anount of calcified tissue by 300 Wen PTH 1-34
was |inked to this 25 matrix, the healing increased even further with the

| evel being up to 50% 42 WO 03/052091 PCT/ US02/ 41114 hi gher than when the
matrix i s enployed al one and 500% hi gher than the
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| evel of healing obtained when the defect was left enpty. 43 WO 03/052091
PCT/ US02/ 41114 W claim 1. A fusion peptide, conprising a first domain
conpri si NgORIMEAAD a second domain conprising a coval ent| yCerusszkiimkabl e
substrate dormain. 2. The fusion peptide of claim1 further conprising a
degradation site between the first and the second domain. 3. The fusion
peptide of c '%igll:Merei n the PTHis selected fromthe group consisting
of PTH 1-84, PTH 1-28, PTH 1-34, PTH 1-31 and PTH 1-25. 4. The fusion
peptide of clai m 3. wheAeiusionpeptRiEcdmprEmg 1-34. 5. The fusion peptide of

claim11 wherei.n the second. donai onprises a transgl utam nase substrate
domai n. 6. Tﬁgrﬁ‘tlﬂlgplgﬁli%lﬂﬁrfsﬂgrﬁﬁéﬁ“gi m 5 wherein the second domain

conprises a Fa&dont d¥halicomitfingad @vdlemy brosslinkable shbssiaerdopeyii.i de of claim
6, wherein the Factor Xllla_ substrate domain conprises SEQ ID NO 12. 8.
The fusion peptidd of dbaifision Rptderhclpinb]l SERSAEOBBHHES2 conprises at | east
one cysteine, 9 ' ta e naf b doiagr ei n the degradation site
is an enzyng?gr%d%gﬁﬁ&g?%%feﬁgﬁ egragg}tlé:%)e% Igqte. 10. The fusion peptide of
claim 8, wherein Bhe daiefukidr peptide vfclaisn 1 avhermethediliftisgelgetadat i on site,

bl s nand HAET 8 GORAIRNE 0 L4 1A EA-RbE LRkt TR R Dl on

peptide of chgypos-10. 12. The kit of claim 11 further conprising
fibrinogen, thronmbin and a calciumsource. 13. The kit of claim1l wherein
the kit further cdnpri S fasionpapside phitdping3 avherainthePATH 1§ By 113¢- sui t abl e for

cel [l ar growth ofg ! - 6604 o SSTRLLELAtL 1 Wit HleediBRlobsin of cl ai

1-10, wherein the-fusi 'S cov
comprises a transglutaminase substrate domain.

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

7. The fusion peptide of claim 6, wherein the Factor XIiIa
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. A kit 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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linked to the matrix. 15. The matrix of claim 14 wherein the matrix is
fibrin. 44 WO 03/052091 PCT/ US02/ 41114 16. The matrix of claim 14 wherein
t he mat riwoiog/ofwphed by a M chael type addition reaction IP€TUSenda14irst
precursor nolecule conprising n nucleophilic groups and a second precursor
nmol ecul e conprising melectrophilic groups, wherein n and in are at |east

two and the sum grn The mbtrixaFelaihi Mevhekdin tHQafRLE Fotnfell b§ladi M 16 wherein
the el ectophilic groups._are conjugated unsaturated groups”and the

nucl eophi | i ghiype additien waetian afivst preerporguelséde i ng of thiol s and

am nes. 18. gﬂ? | ¥udl i rein it [iXx conprises
pol yet hyl enecgl g[(;éfﬁg'ﬂiéu Kp%ehﬁ%g&éoaﬁﬁﬁasg{:%g dzggcnug%r ir&o)i%%‘ rising providing
at | east onecomgirising medeetiophilic gralp,oviefeif aramt my @ at aOSSbiapk e mat ri x,
wherein the mat rjrx .materi ?I is selected fromthe group consisting of
prot ei ns andVEAtHet Pl %P al s, adding the fusion peptide of clains 1-10
to the matrix mateyial ThedrixGrefihi 18Kigeih A% d8LtS Hﬂﬂgﬁo | gk, such that
the fusion peptide is linked to the nagé?? X thr oug}lﬁ t1 ;ﬁg%:%lﬁd dormai n. 45
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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