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(57) Abrégée/Abstract:
The Invention provides fibrin-based, biocompatible materials useful in promoting cell growth, wound healing, and tissue
regeneration. These materials are provided as part of several cell and tissue scaffolding structures that provide particular
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(57) Abrege(suite)/Abstract(continued):
application for use in wound-healing and tissue regenerating. Methods for preparing these compositions and using them are also

disclosed as part of the invention. A variety of peptides may be used in conjunction with the practice of the invention, in particular,
the peptide IKVAV, and variants thereof. Generally, the compositions may be described as comprising a protein network (e.g.,
fibrin) and a peptide having an amino acid seguence that comprises a transglutaminase substrate domain (e.g., a factor Xllla
substrate domain) and a bioactive factor (e.g., a peptide or protein, such as a polypeptide growth factor), the peptide being
covalently bound to the protein network. Other applications of the technology include their use on implantable devices (e.g.,
vascular graphs), tissue and cell scaffolding. Other applications include use Iin surgical adhesive or sealant, as well as in peripheral

nerve regeneration and angiogenesis.
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The invention provides fibrin-based, biocompatible matenals useful in promoting cell growth, wound healing, and tissue regeneration.
These materials are provided as part of several cell and tissue scaffolding structures that provide particular application for use in
wound-healing and tissue regenerating. Methods for preparing these compositions and using them are also disciosed as part of the
invention. A variety of peptides may be used in conjunction with the practice of the invention, in particular, the peptide IKVAV, and
variants thereof. Generally, the compositions may be described as comprising a protein network (e.g., fibrin) and a peptide having an amino
acid sequence that comprises a transglutaminase substrate domain (e.g., a factor XIlla substrate domain) and a bioactive factor (e.g., a
peptide or protein, such as a polypeptide growth factor), the peptide being covalently bound to the protein network. Other applications of
the technology include their use on implantable devices (e.g., vascular graphs), tissue and cell scaffolding. Other applications include use
in surgical adhesive or sealant, as well as in peripheral nerve regeneration and angiogenesis.
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symmetric sites. There are several

CA 02307954 2009-01-28

o

Fibrin is a natural gel with several biomedical applications. Fibrin gel has been used
as a sealant because of its ability to bind to many tissues and its natural role in wound

for vascular graft attachm
res W'QEIEII:I ion N . Sy * .'

healing Some spemﬁc a*ppl'iaations include use as a sealant

dmgf delivery devices, and for neiumt}ajl‘ regenetanoa -.(W1111&1331:;;,'F et ;aLé_ Journal 0
Comparative Neurobiology, 264:284-290, 1987).
The pmccss by whwh ﬁbnnogen 15 polymenzed into fibrin

thrombin, reptilase, and protease III, and each--:ﬁm*ss%r&the protein at a different site
(Francis, et al., Blood Cells, 19:291-307, 1993). Each of these cleavage sites have been
located (FIG 1). Once the fibrinogen is cleaved, a self-polymerization step occurs in which

the fibrinogen monomers come together and form a non-covalently arms:}mkedmlymm gel

(Sierra, 1993). A schematic representation of the fibrin polymer is shown in FIG 2. This

self-assembly happens because binding sites become exposed after protease cleavagc o&curs

lc can bmd to other

Once they are exposed, these binding sites in the center of the molec

sites on the f’ brinogen chains, these sites being present at the ends of the pegﬁﬂa chains
(Stryer, L. In Bzachemzsby W .H. Freeman & Oompaay, NY 1975). In this manner, a
taminase activated from factor XIII by

fibrin network.

ib 0gen, ms.:lu
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the binding of plasminogen to fibrin (Acki, ef al.,

‘is much ihig:her,. and the concentrations of each of these components can be controlled.
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Once a crosslinked fibrin gefl‘ is formed, the subsequent -deg'r‘f?; ation is tightly

Journal af Cfmzcai Invesngafion, 65: 290—297 1980) By attachmg itse to the gei a hzgh
concentration of inhibitor can be localized to the gel. The inhibitor then acts by prevenng
Thrombosis fmd Haemostasis, 39:22-31,

1978) and inactivating plasmin (Aoki, 1979). The -2 plasmin inhibitor contains a glutamine
substrate. The exact sequence ‘has been identified as NQEQVSPL (SEQ ID NO: 15), with

r equirec for makmg ﬁbnn geis can bc obtained in two ways. One
method is to cryoprecipitate the fibrinogen from plasma. In this process, factor XIII

precipitates with the fibrinogen, so it is already present. The proteases are purificd from

‘plasma using similar methods. Another technique is to make recombi
‘profeins either in culture or with trar

and pmtemmolysawhmde interactions at the cell surface. Eximcellular - 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 differentiation (Carey, Annual Review of Physiology, 53:161-177, 1991).
' ticularly active include laminin,
vitronectin, fibronectin, fibrin, fibrinogen and c(}!iagen (Lander, Journal of Trends in
Neurological Scfer:we 12:189-195, 1989). Many studies of laminin have been cond tec
and it has been shown that laminin plays a vital role in the develepmem and regenemnon of

nerves in vivo and nerve cells in vitro _(Wxihs, Neurochemical Research, 12:851-869,

Some of the specific proteins that have shown to be pa

1987; Williams, ef al.. 1993), as well as in angiogenesis.
Some of the specific %queuces that directly interact with cellular receptors and cause

either adhesion, spreadi

E«hi)rt actlvepeptlde %qu@ncescan be used ins ~F 4
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binding is the integrin supe

‘binds to a 67 kDa receptor (Gr
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r?fe'ceptdrﬂbinding domains. These receptor-binding domains mclude the YIGSR (SEQ ID
NO: 1) sequence of the laminin BI chain ( Graf, et al., Cell, 48:989-996, 1987; Kleinman,
sla, eral,J of

et al., Archives of B!Mhemimyand ;Biaphy;s’im', 272:39-45, 1989; and

cells have also been identified. These include IKVAV (su ID NO: 4) of the lar
chain (Tashiro, ef al, J. of Biol. Chem., 264 16174«-1 61 82 1989) and the sequence
RNIAEIKDI (SEQ ID NO: 5) of the laminin B2 chain (Liesi, et al., FEBS Letters, 244:141-
148, 1989). The receptors that bmd to these specific sequences have also | {)n ‘been
identified. A subset of cellular receptors that has shown to be responsible for muc the
family (Rouslahti, E., J. of Clin, Investigation, 87:1-5, 1991).
Integrins are protein heterodimers that consist of « and {# subunits. Previous work has shown
that the tripeptide RGD binds to several 1 and B3 integrins (Hynes, R.O., Cell, 69:1-25,
1992; Yamada, K.M., J. of Biol. Chem., 266:12809-12812, 1991), IKVAV(SEQ ID NO: 4)

binds to a 110 kDa receptor (Tashiro, ef al., J. of Biol Chem., 264:16174-16182, 1989;

Luckenbill-Edds, ef al., Cel! Tissue Research, 279:371-377, 1995}, YIGSR (SEQ ID NO: 1) '
if, ef al, 1987) and DGEA (SEQ D N. 6), a jj[_.inagm

.
- . .

' . ' ;i?_ : * ) g blmve *. o » d@g | fO ].ﬂgﬂ camermg Iw‘[ﬂeg and

the rate of diffus

polyacrylic acid was used as the carrier polymer and various sequences fr m I rinin were

meermg 146 )

covalently bound to them to confer neuroactivity (Herbert, C. in Chemical Eng
alent o high affinity

to the gel. The stability of such a system was poor due to 2 lack of cova

Very little work has been done in incorporating peptldc sequences and other bioactive
factors into fibrin gels and even less has been done in covalently binding peptides directly

to fibrin. However, a sxgmficant amount of energy has been spent on deterr mmg which
1zymatic activity and often determ

ining the exact sequence which

ain crosslinking has been determined and the

proteins bind to fibrin via ¢

binds as well. The sequence for fibrin y-c
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«-2 plasmin inhibitor. Thus, many substrates for factor XI

embuodiments, the fibrin is gel matrix. A bioactive mcans is also inclu

incorporation of an exogenous signa
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- exact site has been located as well (Doolittle, et al., Biochem. & Biophys. Res. Comm., 44:94~

100, 1971). Factor Xllla has also been shown to crosslink fibronectin

(Okada, er al., J. of Biol. Chem., 260:1811-1820, 1985). This enzyme also crosslinks

Willebrand factor (Hada, et al., Blood, 68:95-101, 1986), as well as ¢-2 plasmin inhibitor
(Tamaki & Aoki, J. of Biol Chem., 257:14767-14772, 1982), to fibrin. The specific

:Le::;erx, 153:369-371, 1983) in addition to the number of possible bmdmgsttes on the
fibrinogen molecule (Sobel & Gawinowicz, J. of Biol. Chem., 271:19288-19297, 1996) for

exist, and a number of these

have been identified in detail.

g era ;« Wg Pmﬁdﬁsm quiQn PP _*_' i

and other factors, either synthetically or recombinantly, that contain both a transglus

domain such as a Factor X111, a substrate domain and a bioactive factor, these 1

m‘vaigntiy attached to a ﬁbrin Subsmte ha\’iﬁg a thr : . 2 Wiﬁnﬁ] straechi i ]
supporting cell growth,

In some embodiments of the present invention, bioactive proper

-extracellular matrix proteins and surface proteins are confined to a structurally favorable

he

ded to facilitate t

into the substrate.

In addition to retaining the

bioactivity of the exogenous signal molecule, the overall structural ch
fibrin gel is maintained.

The invention in another aspect provides for a fibrin matrix comprising short peptides
covalently crosslinked thereto, as well as bioactive factors. The fibrin matrix may be further
defined as a fibrin gel. T
dimensional structure for tissue growth and is the native matrix for tissue h&a‘img It 19

nticipated that other, fibrin-li red.
atically by using the native Factor Xll to attach the exogenous

e matrix chosen is fibrin, since it provides a suitable three

‘e matrices may also be sm}aﬂy ad. Th cmssimkmg

was accomplished enzyn
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useful inthe p

for cell transplantation and in numerous other aspects of tissue engineering. Hence, the

| SEQ IDNO:.
SEQIDNO: 1

| SEQ IDNO: 2
| SEQ IDNO: 3
| SEQ IDNO: 4

| SEQ IDNO: 6

| SEQ ID NO: 7

CA 02307954 2009-01-28

e

factors to the gels. In order to do this, a sequence that mimics a crosslinking site was
ized and crosslinked it into the matrix.

incorporated into the peptide so that the enzym

Novel activity will be conferred 1o these fibrin gels by adding a pcpnda sequence, or other

romotion of healing and tissue regeneration, in the creation of neovascular beds

invention in yet other aspects provides compositions created and adapted for these specific

uses,

The following sequernices are referenced throughout the Sy 1ﬁcatwn

SEQ IDNO: 5

SEQ IDNO: 8

couplmg slte, an émva R‘D wqwnw
and a lax j laxed a:mtm af;zd, mtmxcs the

| andadansylated leucme . .
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| SEQIDNO: 12
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polylysme a:t a mndém‘ceup :f‘} ; 'gf.sxte

d&nsylaied Iecmz

mm:ucs the cmss 4n in o e

SEQ ID NO: 11

| SEQ IDNO: 13

v , ::_  {}f ﬁbrm()gﬁn B

| SEQ IDNO: 16

| KKKK - A peptide with apolylysme ata |
} random ccuplmg s:tc

1 NQEQKS’PL - pepnda ]
slinki g site in 2- plasmm ~-‘bﬁ@f

SEQIDNO:15

’ plasmm mlnbltor thh an actwe 5.'1 GSR
“added to the carboxy terminus and a

dansylated leucme to the amino terminus :

VSPLDDGEAG - A pcptldc that
| mimics the crosslinking site in a2~ _
. piagmm mhxbltor w;,th an ac

'SEQ ID NO: 1

| LNQEQVSPRDH(VAVD'?-:“ ad
| that mlﬂllﬁﬁ the Gl'f}SSll}.' ' |

'SEQ IDNO: 19

dansylated lme w ‘the i jﬁ?' s :
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SEQIDNO:20 LNQEQVSPRNIAENKDIR - =
- ﬁzat mimms thwmsshnkmg stte in at2~
l‘bttor mﬂ: an actwe

| teemisms and a daysylated !eucme to the
| amino terminus - '

and a peptide having ari amino acid sequence that comprises a transglutaminiase substrate
domain and a bicactive factor (e.g., peptide, protein, or fragment thereof) is pmvxded The
,pephde is covalently or at least subs’aanhally covalently bound to the pmtem network. In

dommn. I’h:sfactarXHLasubstmtedonmmaybe*ji"i'-"‘- lefined as comprising
acid sequence SEQ ID NO: 12, SEQ ID NO: 13, SEQ 1D N. 14, SEQ 1D NQ 15, a
fragment thereof, a combination thereof, or a bicactive fragment of said combination. Some

 embodiments may be defined as comprising a bioactive factor ﬂl&‘t omprises an ami

sequence of SEQ ID NO; 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ!I} NO S ;
SEQ ID NO: 6, a fragment thereof, a combination thereof, ot a bicactive fragm
combination. | | |

In another aspect, the invention provides an unpiantable device havmg at 1east ope
surface or portion of at least onc surface that comprises the composition of any one of the
above compositions described herein. By way of example, the implantable device may be
fashioned as an artificial joint device, such as a kne
take the form of a porous vascular graﬁ, wherein at least one region or apord'on of at least
mposition
of the protein network and covalently attached pspuéefpmte‘m described herem, The
invention as a device may be further defined in other embodiments as a scaffold for skin,
»s at least one region or area

- P, ~ N e R PP
replacement, The invention may als

bone, nerve or other cell growth, comprising a surface that inclu

that comprises the composition of the protein matrix and covalently -attach
described herein.

In yet another aspect, the invention provides for a surgical sealant or
comprising a surface that includes the mmpsman of the pepnde matrix and cwalmtiy
attached peptide on at least one region of the surface.
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bioactive peptide fragment of said composmon. The pe

may be used in conjunction with the invention may com e
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The mvention furthe

regencration. Tlns method comprises in some embodlmems oevaiently attachin or
; preducmg a covalently attached bioactive complex molecuie :j‘smg a bioactive fm:tw

and a transglutaminase substrate, covalently coupling the bioactive complex molecule to a

peptide network capable of having covalently attached thereto the bioactive factor or a

-ﬁagment thereof, to pmvide a treated pepﬁ'd“e ‘subsmte;” and 'expc-sing s‘-aid treatedpﬁde

d tissue types. By way of example, such cell typ: _
cells, The peptzda netwmic may be further defined as a pratcm networ

network. The transglutaminase substra {efin asafac:tor YT a substrate

maybe nec _ d seq ) ID'NC IDNO.
13, SEQ 1D NO. 14, SI:.‘,Q ID N‘ 15 a fragment thereof, a combmatwn thm'eof orda
. ude may, in some embodiments, be

further defined as compnsmg an amino acid sequence of SI‘ZQ IDNO. 1, SLQ IDNO. 2, Sfl:_'_jf
ID NO* 3, SEQ IDNO,, 4" SBQ ID NO, 5’ SEQ ID NO 6, a frag
thereof or a bioactive peptide fragment thereof.

hereof, a combination

The invention in yet another aspect may be defined as a biosupportive
fde network and a bmacuve factox, |
trate. This peptide

material. This matmal'msome--;-; ects, comprises a p ;

':Sfubsfme'my be ﬁzrtherdeﬁned S @ .pmtem netwom l“lwbmacﬁve fwﬁns covalently

attached to the substrate through a transglutaminase or a similar enzyme. The peptide that
any varicty of peptides capable

of being covalently attached to the fibrin substrate or 'biesupportive'-- matrlx as described.

herein. In some embodiments, the peptide may be furth

acid sequence of SEQ ID NO. 1, SEQ [D'NO. 4, 'SEQ"ID NO. 5.;,-...SEQ D No_, 10,. a.-?"?ff;; gment
thereof, a combination thereof, or a bioactive fragment thereof. | -
In particular embodiments of the matrix compositions, the calculated moles of peptide

that is to be incladed may be defined ordescn’bed for thesa 'davicwfsuxf ces theztmcludc

them, as virtually any amount of peptide that
concentration of the particular pcpude.fpratem selected. For a standard gel 1 mg of
fibrinogen would typwal ly be included. Hence the concentration of fib

rinogen in this
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¢ in one

standard gel may be described as about 3 x 10 mM. Using this figure as a benchmark

example, the ratio of the amount of peptide to fibrinogen could be exps
mM to about 24 x 10% mM. '

BRIEF DESCRIPTION OF THE DRAWINGS

The following dmwings form part of the present specification and are included to

further demonstrate certain aspects of the present invention. The invention may be better

understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.

FIG 1. The homodunenc structure of ﬁbnnegen has been. zluczda‘

the cleavage sites of the major proteases have been mark

thrombin and P 7] is for protease [IT). Additionally, some of the sites where Cross’

can ocour have been marked as xl.

FIG 2. A schematic representation of fibrinogen is given, The polymer is held

:tagather by the binding of sites B to B' and A to A'. A’ and B only become avaﬁabie fo:r_

binding after cleavage by-a protease. The polymerization teaction ix selfsactivated.
monomer unit is boxed in the center. | .
FIG 3. Each curve represents the different crosslinking al ilities of the septide
The molar excess of peptide used is plotted against the ratio of pepnée mciecul&s to
fibrinogen molecules for a series of peptide concentrations. Gln and Lys represent the twi

pt:pudcb {bat mimic the g«cham of ﬁbmmgen, Polylys is the multiple IYSIn.e peptide and

The molar ratio of peptide to fibrinogen in the initial reaction mixture is varied and plotted

on the x axis. The ratio of crosslinked peptide to fibrinogen is then measured and plotted on

the y axis.

F1G 5. Growth normalized against unmodiied {ibrin.
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-sequrces such as RGD or IKVAV (SEQ ID NO: 4) were created. A dansyl gl‘(}ﬁp was:

various amounts of peptide. The gels were then covered with Phosphate red Saline, anc
‘the buffer was changed until all the free peptide had dr'f'[ sed from the gcl The gels were

measured (this is proportional to th‘c total amount of dansyl groups present).

concentrations. Fur
if the size Gf the pepudefrag;memsmﬂm gelwere lm'gax,s 1

CA 02307954 2009-01-28

-10-
DET Al i-'ED BESCRIP’TION

Following long-standing patent law convention, the terms 'a” and "an” mean "one or

‘more" when usced in this apphcahm;, including the claims.

Usmg standard solid phase peptide synthesis, peptides with sequences that combine
slinks to fibrin gels, ,an&..zagzmg;

crosslinking sites from fibrinogen or another protein that cr

Fibrin gels were created using thrombin as the enzyme,
dansylated peptide and Tris Buffered Saline (pH 7) were mixed o achleve the pmw

- concentration of all aomponents. Dialyzed fibrinogen that contains residual factor XIII was
added and the gels were polymerized i

in an incubator. The final gel wncm'i?ﬁ“ﬂ, ons ifi' each
component were 4 mgfml of fibrinogen, 2.5 mM CA*, 2 NIH units/ml ofthmmbmaﬁd

then degraded with the minimal amount of ._plasmm- necessary to achieve wmplcte

idegr‘adaﬁon

detecwr., With thlzs' -de.t&nwr, we ¢an ce:ilect and analyze ',fﬁ gt many wavelmgthsat the.

same time. Chromatograms of each run were made at 280 nm (this signal is proportional to

the total protein present. 205 rim can be used as well). The results were compared to a
standard curve created from degr

ded fibrinogen and the total fibrin concentration was

calculated. A fluorescence detector was used to measure the presence of pe txdﬁ

sample was excited at a wavelength of 330 nm and the emitted energy at 530 rim was

WEre compawd to standards curves created for each peptide and the ratio of peptide
molecules to fibrin molecules in the gel was determined for a series of g d&

hermore, since a size exclusion column was used, it could bﬁde mined

aller or the same as that of free
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fragment of gel and a covalent bond has actually been formed.

“the substrate sequences tested included RGD as an exemplary bioactive sequence. The

CA 02307954 2009-01-28
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peptide. If they are larger, then this is evidence that the peptide is directly bound to some

A second method used to analyze the substrates of the present invention for amount

of peptide was as follows. Each gel was washed several times, and the amount of peptide

present in each wash was measured on a spectofluorimeter. The gels were then degradec

‘with plasmin and then the amount of fluor present was measured. ‘The percent of fluor

mass of peptide in the gels was calculated from this. W ibrinogen was dissolved, the

total mass dissolved was known and this was used to determine the mass ofﬁrm@ge”

invention. It should be app ‘ chniques disclosed
in the examples whlch follow tapresmt techmques dascavere-d by thc inventor to ﬁmctxan

appreciate that many changes can be made in the sp&mﬁc em =?'immts ch medlselﬁwd

and still obtain a like or similar result without departing from these spirit and scope of the.

nvention.

dt: 1’, k DGEN TO FIBRIN GEL

y washing peptide decorated gels, degrading them with plasinin and performing size
exclusion chromatography, the amount of peptide bound per molecule of fibnmgen was

calculated for a series of peptide concentrations and for four separate peptide sequenx

sequences tested include two that mimic the crosslinking site in the dchain of ﬁb;}fi_

ou.
*YRGDTIGEGQQHHLGG (SEQ ID NO: 8) (* indicates the dansyl group and the section

in italics is the native sequence of the crosslinking region of ’ﬁbmogen) a i.":_'.nde with
glutamine at the fransglutaminase couplmg site, and *LRGDGAKDV (SEQ ID NO: 9), 8
mimic of the lysine coupling sxte Additionally a peptzde with a polylysme at a random
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| | 12-
cﬁup’ling -site, *LRGDKKKKG "(SEQ5 iD NO* iﬁ)-’ and'  sequonRe that m’i"im w.s the
used. The amount of pepnde covalemly bound to the ﬁbnn gels was measured hi

the initial excess of peptide for each of the four sequences. A =

was created (FIG 3) and the maximum crosslinking r:

- achieve a 1:1 ratio are shown below in “I ‘able 1. Since a particular active sequcnce is usual ly

~ present once in each protein, the excess of peptide required to achieve this concentr

nark. The pept;-de that provxdes' the f' ’.; ﬁ;

provides an mtmsung bencl [iﬁ;" -."”bie"

crosshinks

‘the plasmm inhibitor pcptxdc is the bcst, since it prcmdes the tnghcst ﬁmsahf

concentration and the greatest crosslinking efficiency.

*YRGDTIGEGQQHHLGG 1.53 12
SEQIDNQ:8
*LRGDGAKDV 0.44 - >330
SEQ ID NO: 9
*LRGDKKKKG 1.2 11
SEQ IDNO: 10
*[ NQEQVSPLRGD 8.2 6

This table shows the amount of peptide needed 1o mwalenﬂy bind one ptade

molecule per fibrinogen molecule in a fibrin gel.

A collection of peptides utilizing the crosslinking sequence from «2-plasmin inhibitor

- have been made using active peptide sequences from the basement membrane molecules
laminin and collagen SEQ ID NO: 11, and 16-20). Eight day chicken dorsal root

:st crosslinked

were polymerized inside gels that had enough poptide to achicve the higl

.concantration pcssihle (8:' moles pcpﬁdelmﬂie ﬁbﬁmgfeﬁf) The extension of neutites from
- data is shown in FIG S The
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average neurite length for each expcnmemal c@ndmon W 01 ed agamst growtn in
unmodified fibrin. Four of the active peptides used, IKVAV (SEQ ID NO: 4) RNIAEIKDI
(SEQ ID NO: 5), YIGSR (SEQ ID NO: 1) and RGD demonstrated statistically different
f'erent factors be attached to the fibris gels, but
they retain biological ly significant activity. Soluble inhibitor experiments were mmpleted:
as well, and m each trial, the neurite growtt

neurine growth, proving that not only can

Was S , icall}'fh ﬁ m e %miﬁ ﬁb{iﬂ‘

- This result demonstrates that the activity is interrupted, then the presence of crosslinked

peptide does not inhibit neural extension. the growth in RDG crosslinked fibrin also .
this conclusion, as the neurites are able to attain similar growth with this nonactive peptide

bioactive faetor such as a pcptlde being quanﬁtatwciy determinable.
Using the spectrofluorimetry method (second methad) described abave the amount
of peptide bound per molecule of fibrinogen was calculated for a series of papﬁdse
concentrations and for four separate peptide sequences. The sequences testec | include twe
%‘ '. :i_ site in the y chain of | btmogan,. *YRGDT?GEG ILGG

EIUE IR

that mimic the crosshi

af the crosslmkmg region of ﬁbrmegm) apeptade thh it the transglutaminas

coupling site, and *LRGDGAKDY (SEQ ID NO: 9), a mimic of the Iysme wuplmg srte
Additionally a peptide with a polylysme at a random muplmg site, *LRGDKKK] G (bEQ
ID NO: 10), and a sequence that mimics the crosslinking site in ec2-p1asnnn ,,
*LNQEQVSPLRGD (SEQ ID NO: 11) were also tested. The coupling of each pepti i
was measured by detezmxmng the excess moles of .peptnde- needex to.
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.14
chain peptides (gln and lys) follow. The actual amount of peptide needed to achievea 1:1
ratio of peptide to fibrinogen is shown in Table 2.

TABLE 2

*YRGDTIGEGQUHHLGG 10
SEQIDNO: 8
*LRGDGAKDYV 220
SEQIDNO: 9
LRGDKKKKG 39
SEQIND NO: 10
*LNQEQVSPLRGD ~10
SEQIDNO: 11

Table 2 shows the amount of peptide neec i* to covaler )' bind one | .{mie mo'*“{s ule
per fibrinogen molecule in a fibrin gel.

A Pactor Xilla substrate has been synthetically coupled to a bioactive peptide sought

for incorporation into the fibrin matrix, and it is clear that this bioactive factor need not have
a peptide. Whi

‘hile not intending to belmted to any particular mecha

nism of action or

theory of operation, any bioactive or biologicaily or medically use ul molecule or
macromolecule could be the bioactive factor. Likewise, the coupling between the bioactive
factor and the transglutaminase substrate domain could have been performed by recombinant

factarcouid be

DNA methodcs}agy or my other means. For examp!;e,r a pn:smn W

Xllfa. Furthermore, a recombinant form of fibrinogen could be used to form the fibrin
‘network. Furthermore, other proteins that transglutaminase

nizes, such as fibronectin

for example, could be coupled to the transglutaminase substrate peptide.
There are numerous applications for ﬂw&e fibrin gcls that are detivitized wx 1 @
ix found in the body and is utilized

bicactive factor. Fibrin is a natural matr in matzy Ways
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fx‘:enhmmgmmnonormlgmnan. Onrmethodallews“ustogi- g

sequence or entire factor into the gels and create gels which possess specific bio

properties.

incorporate bxoactwe facmrs into ﬁbrm, a thj.. 3
healing and tissue engincoring have been pravided. Hence a previou

goal is presented that provides an important therapeutic material.

N . . -
- a - _' T ST - - I = T R \ .
b - rd .
Fy ¥ IV Fo WEAERF & F VI

Bioactivity can be quantified us |
ganghael With this mode wmon ef uemonaﬂy active: S |

be tested for their ability in vitro to enhance neurite extension. (Jangha were dzssect@d ﬁ'o

mg‘ht‘ day ald chicken embryos and fibrin gels were polymerized around them. Peptzde with

hanging the neuronal mecha ﬁm tep of the géls These anglia
ed to calculate the average neurite length.
grown in fibrin gels without any
peptide crosslinked, in fibrin gels with a nonactive peptide crosslinked i '




15

25

30

activity of each sequence added is dependant on the physzcal ¢crosslin] :"f?:"ng Furthermam, thie
shows that if the neuronal activity of the attached factor is inte: .

CA 02307954 2009-01-28

«]1 6«

Nerve Regeneration and Scaffold

The present example demonstrates the utility of the present invention 8s-a tissue
regencrational supportive material. 1n addition, the data here demonstrates the utility of the

invention for supporting the effective regeneration of nerve tissue.
A collection of peptiéas*uﬁhzang' ilizing the crossli uence from mzsplasmm’ inhibitor

laminin and coliagen Blght day chicken dorsal root ganghawae polymerized inside
that had eneugh peptxdc to achieve the highest crosslinked concentration passxble (8 moles
4-8*houts. the 48 hem*ciata is shown in F‘IG 5% The Wﬁfagenmm Ien | for

active peptides used, I . Jy IUNEALURLIL COTA, .
I NO: 1) and RGD, demonstrated statistically d:ﬁ’emnt neurite gro 0%
can different factors be attached to the fibrin gels, but they retain biologi gnifican
activity, Soluble inhibitor experiments were completed as well, and in'each trx&;l the nﬁzmt&-‘*
growth was statrsacany the same as unmodified fibrin. ’Ihis result demonstrates that {

rupted, then
crosslinked peptide does not inhibit neural extension. The growth in RDG ¢
also supports this conclusion, as the neurites are able to attain sz:tmlar gro ) f' .

nonactive peptide present as is achieved in unmodified fibrin, .

Al of the compositions and methods disclosed and claimed herein can be made and
exccuted without undue experimentation in light of the present disclosure. While the
cemposmans and methods of this invention have been described : in term of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the composition, methods and in the steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that cerfain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
similar results would be achiéved. All such similar substitutes and modifications apparent
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Claims:

1. A composition comprising at least fibrinogen and thrombin suitable for producing a fibrin
gel, said composition further comprising at least one fusion peptide, wherein said fusion peptide
i$ adapted to ’cwa-lemly; bind to fibrin, and said fusion peptide comprises at least a ﬁrs;it-gand a
second domain wherein the first domain comprises a bioactive factor and the second domain
comprises a transglutaminase substrate domain.

2. The composition of claim 1 wherein said transglutaminase substrate domain is a factor
Xllla substrate domain '

3. The composition of claim 2 wherein the factor Xilla substrate dcmaiih:~compfi‘-ses~‘f’a*n
amino acid sequence selected from the group consisting of SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, and combinations thereof.

4 The composition of any one of claims 1 to 3 wherein said bioactive factor is a peptide.

selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO 4, SEQ ID NO: 5, SEQ ID NO: 6, combinations thereo, and bioactive fragments thereof.

5. The composition of claim 4 wherein the peptide comprises an amino acid sequence

6. The composition of any one of claims 1to 3 wherein the bioactive fac or is a protein.
7. The composition of claim 6, wherein said protein is a-‘i;g;rowthiff‘actou.

8. Acomposition comprising a matrix material and a fusion peptide, said matrix material
comprising a fibrin gel or at least one precursor thereof, said fusion peptide comprises at least a
first and a second domain wherein the first domain comprises a bioactive factor and the second
domain comprises a transglutaminase substrate domain and wherein said fusion peptide is
adapted to covalently crosslink through the second domain with the matrix material, for use as a
material useful in the promotion of healing and tissue regeneration, in the creation of '
neovascular beds for cell transplantation or tissue engineering.

9. Use of a compasition comprising a matrix material and a fusion peptide, said matrix
material comprising a fibrin gel or at least one precursor thereof, said fusion peptide comprises
at least a first and a second domain wherein the first domain comprises a bioactive factor and

the second domain comprises a transglutaminase substrate domain wherein said fusion peptide

2131762 21
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is adapted to covalently crosslink through the second domain with the matrix material, for the |

10.  The use of claim 9 wherein the material is for the promotion of tissue healing and
regeneration.

11.  The composition of claim 8 wherein the matrix material is a fibrin gel.

12.  The composition of claim 8 wherein the matrix material comprises fibrinogen and
thrombin.

13.  An implantable device having at least one surface 'compriémga composfiﬁn-.zcomprﬂisiirhg;
a fibrin gel and a fusion peptide, said fusion peptide having at least a first and a second domain

wherein the first domain comprises a bioactive factor and the second domain comprises a
transglutaminase substrate domain, wherein the fusion peptide is covalently bound to the fibrin
gel through the second domain.

14, The composition according to any one of claims 8, 11, and 12 wherein said
transglutaminase substrate domain is a factor Xllia substrate domain.

15.  The composition of claim 14 wherein the factor Xllla substrate domain comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 13, SEQ ID NO: 14,
SEQ 1D NO: 15, and combinations thereof.

16.  The composition of any one of claims 8, 11, 12, 14, and 15 wherein said bioactive factor
is a peptide.

17.  The composition of claim 16 wherein the peptide comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ IDNO: 3, SEQ ID
NO 4, SEQ ID NO: 5, SEQ 1D NO: 6, combinations thereof, and bioactive fragments thereof.

18.  The composition of any one of claims 8, 11, 12, 14, and 15 wherein the bioactive factor
s a protein.

19.  The composition of claim 18, wherein said protein is a growth factor.

20. A method for forming a matrix suitable for promoting cell growth or tissue regeneration
comprising:

21731762 | 29
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(a)  providing a matrix material and a fusion peptide, said matrix material comprising
afibrin gel or at least one precursor thereof, said fusion peptide comprises at least a
first and a second domain wherein the first domain comprises a bicactive factor and the
second domain comprises a transglutaminase substrate domain; and

(b)  covalently crosslinking said fusion peptide through the second domain with the
matrix material.

21.  The method of claim 20 wherein the matrix material is a fibrin gel.
22.  The method of claim 20 wherein the matrix material comprises fibrinogen and thrombin.

23.  The method according to any one of claims 20 to 22 wherein said transglutaminase.
substrate domain is a factor Xilla substrate domain.

24,  The method of claim 23 wherein the factor Xllla substrate domain comprises an amino

acid sequence selected from the group consisting of SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID

NO: 15, and combinations thereof.

25.  The method of any one of claims 20 to 24 wherein said bioactive factor is 4 peptide.

26.  The method of claim 25 wherein the peptide comprises an amino acid sequence.

selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO::4, SEQ ID NO: 5, SEQ ID NO: 6, combinations thereof, and bioactive fragments thereof.
'27.  The method of any one of claims 20 to 24 wherein the bioactive factoris a growth factor.
28.  The use of claim 9 wherein the matrix material is a fibrin gel.

29.  The use of claim 9 wherein the matrix material comprises fibrinogen and thrombin.

30. The use according to any one of claims 9, 10, 28, and 29 wherein said transgiutaminase
substrate domain is'a factor Xilla substrate domain.

31.  The use of claim 30 wherein the factor Xllla substrate domain comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
18, and combinations thereof,

217131162 23
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32.  The use of any one of claims 9, 10, and 28 to 31 wherein said bioactive factor is a
peptide.

33.  The use of claim 32 wherein the peptide comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO 4, SEQ
ID NO: 5, SEQ ID NO: 6, combinations thereof, and bioactive fragments thereof.

34.  The use of any one of claims 9, 10, and 28 to 31 wherein the bioactive factoris a.
protein. '

35.  The use of claim 34, wherein said protein is a growth factor.

36.  The device according to claim 13, wherein said transglutaminase substrate domain is a
factor Xilla substrate domain.

37.  The device of claim 36 wherein the factor Xilla substrate domain compnses an amino
acid sequence selected from the group consisting of SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, and combinations thereof.

38. The devise of any one of claims 13 and 36 to 37 wherein said bioactive factor is a
peptide. '

39.  The device of claim 38 wherein the peptide comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO 4, BEQ
ID NO: 5, SEQ ID NO: 6, and combinations thereof.

40.  The device of any one of claims 13 and 36 to 37 wherein the bioactive factor is a
protein.

41.  The device of claim 40, wherein said protein is a growth factor.

21713176.2 24
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