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Biogel

This invention relates to a biogel, and to kits, agents, and methods for formation
of the biogel. In a preferred aspect the biogel is a tissue adhesive. The biogel or
tissue adhesive can be used for a variety of applications, including haemostasis,
wound sealing, tissue engineering or localised drug delivery.

During the clotting process, fibrinogen is converted to fibrin by thrombin.
Fibrinogen comprises two sets of three different chains (a, B, and y), linked to
each other by disulfide bonds. Together these chains form a central globular
domain (the E domain) connected to two distal globular domains (the D
domains). Thrombin cleaves four arginine-glycine peptide bonds in the central E
domain of fibrinogen to release an A peptide from each of the two a chains, and a
B peptide from each of the two B chains. The A and B peptides are termed
fibrinopeptides. A fibrinogen molecule devoid of these fibrinopeptides is called a
fibrin monomer. Fibrin monomers spontaneously assemble into ordered fibrous
arrays called fibrin. Fibrin is stabilised by the formation of covalent cross-links
between the side chains of different molecules in the fibrin fibre. Peptide bonds
are formed between specific glutamine and lysine side chains in a transamidation
reaction that is catalysed by Factor Xllla.

Once activated, platelets also form an essential part of a blood clot. Platelets
adhere to an exposed wound surface and become activated. The platelet
membrane glycoprotein GPIlb/llla undergoes a change in conformation, which
allows it to bind fibrinogen. Fibrinogen can bind to more than one platelet, and so
platelets aggregate together. Platelet aggregates form the basic architecture of
the clot, formed within a mesh of fibrin.

Fibrin tissue adhesive (FTA) is the name given to products formed by mimicking
the last step of the coagulation cascade to form a fibrin clot. Commercially
available FTA kits rapidly produce strong, biodegradable gels that are used for
haemostasis, drug delivery, and as surgical glues, and tissue sealants.
Fibrinogen, Factor XIll, thrombin, and calcium ions are typically delivered via a
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syringe device that separates fibrinogen and Factor XIII from calcium ions and thrombin
during storage. Mixing of the components during discharge from the syringe results in
thrombinolysis of fibrinogen to crcate fibrin, which sclf-assembles into a gel that is later
cross-linked by calcium ion-activated Factor XIII. However, many FTAs utilise bovine

thrombin, which can induce anaphylactic and autoimmune responses in patients.

Zhang et al. (Bioconjugate Chem. 2002 (13): 640-646) describe formation of fibrinogen-
based hydrogels by photoactivated release of calcium ions from liposomes, and subsequent
activation of transglutaminase-catalyzed cross-linking of fibrinogen. However, formation
of these hydrogels is complicated, and specialized formulation of liposome and Factor XIII

is required.

Hidas er al. (Urology 67(4), 2006: 697-700) describe use of albumin glutaraldehyde tissue
adhesive in sutureless nephron-sparing surgery. Bovine serum albumin and glutaraldehyde
were admixed. Glutaraldehyde exposure causes the lysinc molecules of the bovine serutﬂ
albumin, extracellular matrix proteins, and cell surfaces to bind to each other, creating a

strong covalent bond.

A disadvantage of this adhesive, however, is that glutaraldehyde is toxic, and there is a risk

that bovine serum albumin can induce an allergic reaction in patients.

There is, therefore, a need to provide gel or tissue adhesive which does not require use of
toxic agents, which minimizes the risk of allergic reaction, and which is simple to produce

from components which can readily be stored in a stable condition.

According to the invention there is provided a biogel kit (i.?e. a kit for formation of a

" biogel), which comprises: a plurality of carriers, a plurality of fibrinogen binding moieties

being immobilised to each carrier; and fibrinogen, wherein each molecule of fibrinogen

can bind at least two fibrinogen binding moieties.

In an embodiment there is provided a kit when used for formation of a biogel, which
comprises: a plurality of soluble carriers, each carrier having a plurality of fibrinogen
binding moieties immobilised to the carrier; and, separately, fibrinogen, wherein each
molecule of fibrinogen can bind at least two of the fibrinogen binding moieties, such that

when the carriers are contacted by the fibrinogen, a biogel is formed in which the

(7650258 _1):GGG

RECEIVED TIME 22 JAN. 16:11 PRINT TIME  23. JAN. p:54



_.Spruson & Ferguson +61 2 9261 5486 Wednesday, 22 January 2014 ' Page 8 of 28

2007327100 22 Jan 2014

61292615486

2a

fibrinogen molecules are linked together via the carriers by non-covalent bonds between

the fibrinogen molecules and the fibrinogen binding moieties

The term "biogel" is used herein to include a gel comprising one or more components that
are natural or recombinant biological molecules (or chemically synthesised biological

molecules), or that are derived from biélogical molecules

(7650258 1):GGG
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(for example derivatives that retain one or more functions of a biological molecule).

A biogel can be formed by contacting the fibrinogen and the carriers. Because a plurality
of fibrinogen binding moieties are immobilised to each car;rier, and because each
fibrinogen molecule can bind at least two of the ﬁbrinogeﬁ binding moieties, the fibrinogen
molecules become linked together via the carriers. Non-covalent bonds are formed

between the fibrinogen molecules and the fibrinogen binding moieties.

Accordingly, there is also provided according to the invention a method of forming a
biogel, which comprises contacting fibrinogen molecules with a plurality of carriers,
wherein each carrier has a plurality of fibrinogen binding moieties immobilised to the
carrier, and each molecule of fibrinogen can bind at least two fibrinogen binding moieties,
so that the fibrinogen molecules become linked together via the carriers by formation of

non-covalent bonds between the fibrinogen binding moieties and the fibrinogen molecules.

There is further provided according to the invention a biogel which comprises fibrinogen
molecules and a plurality of carriers, wherein each carrier has a plurality of fibrinogen
binding moieties immobilised to the carrier, and each molecule of fibrinogen is bound to at
least two fibrinogen binding moieties, so that the fibrinogen molecules are linked together
via the carriers by non-covalent bonds between the fibrinogen binding moieties and the

fibrinogen molecules.

Instead of fibrinogen binding moieties, the carriers may have a plurality of fibrinogen
binding precursors immobilised to each carrier, wherein each fibrinogen binding prccursor
can be converted to a fibrinogen binding moiety. To form a biogel using such carriers, it is
necessary to convert the fibrinogen binding precursors to fibrinogen binding moicties so

that the fibrinogen binding moieties can then bind to the fibrinogen molecules.
In an embodiment of the invention disclosed herein the carriers may be soluble carriers.

Accordingly there is also provided according to the invention a biogel kit (i.e. a kit for
formation of a biogel), which comprises: a plurality of carriers, a plurality of fibrinogen

binding precursors being immobilised to each carrier, wherein each

(7650258_1):GGG
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fibrinogen binding precursor caﬁ be converted to a fibrinogen binding moiety; and
fibrinogen, wherein each fibrinogen binding precursors being immobilised to each carrier,
wherein each fibrinogen binding precursor can be converted to a fibrinogen binding
moiety; and ﬁbrinogen, wheréin each molecule of fibrinogen can bind at least two

fibrinogen binding moieties.

In an embodiment there is provided a kit when used for formation of a biogel, which
comprises a plurality of soluble carriers, each carrier having a plurality of fibrinogen
binding precursors immobilised to the carrier, wherein each fibrinogen binding precursor
can be converted to a fibrinogen binding moiety; and fibrinogen, wherein each molecule of
fibrinogen can bind at least two of the fibrinogen binding mo.iet.ies, such that when the
carriers are contacted by the fibrinogen following conversion of the fibrinogen binding
precursors to fibrinogen binding moieties, a biogcl is formcd in which the fibrinogen
molecules are linked together via the carriers by non-covalent bonds between the

fibrinogen molecules and the fibrinogen binding moieties.

There is further provided according to the invention a method of forming a biogel, which’
comprises: providing a plurality of carriers, each carrier comprising a plurality of
fibrinogen binding precursors immobilised to the carrier; converting the fibrinogen binding
precursors to fibrinogen binding moieties; and contacting ﬁbrinogen molecules with the
fibrinogen binding moieties, wherein cach molccule of fibrinogen can bind at least two
fibrinogen binding moieties, so that the fibrinogen molecules become linked together via
the carriers by formation of non-covalent bonds between tl;e fibrinogen binding moieties

and the fibrinogen molecules.

A biogel of the invention need not be capable of adhering to a tissue substrate. However, in
preferred aspects a biogel of the invention is a tissue adhesive. The term "tissue adhesive"
1S used herein to mean a substance that can adhere to a tissue substrate, for example skin,

or a mucosal surface. Biogels or tissue adhesives of the invention may be used in

(7650258 _1):GGG
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haemostasis, as sealants, for tissue engineering (for example as a support), or for localised

drug delivery.

The carrier may be a soluble or insoluble carrier, but is notfa platelet. The carrier should be
suitable for topical administration to a tissue site of a subject, for example a bleeding
wound site, or a mucosal site. Soluble carrier may be suitable for intravenous rather than
topical administration! The carrier may comprise a soluble or insoluble protein, a
therapeutic drug, a polymer (for example a biocompatible polymer, such as polyethylenc

glycol), or a combination of any of these.

Examples of protein carriers are an enzyme or a protein which is not an enzyme, such as

human serum albumin.

An insoluble carrier may be a microparticle (including a solid, hollow, or porous
microparticle, preferably a substantially spherical microparticle). The microparticle may be

formed of any suitable substance, for example cross-linked protein. A

(7650258_1):GGG
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suitable protein is albumin (serum-derived or recombinant, human or non-human
in sequence). Microparticles suitable for use as insoluble carriers in the present
invention may be formed by spray drying human serum albumin using well known
spray-drying technology, for example as in WO 92/18164.

Alternatives to use of microparticles as carriers include liposomes, synthetic
polymer particles (such as polylactic acid, polyglycolic acid and
poly(lactic/glycolic) acid), or cell membrane fragments.

The term “fibrinogen” is used herein to include natural fibrinogen, recombinant
fibrinogen, or a derivative of fibrinogen that can be converted by thrombin to form
fibrin (for example, natural or recombinant fibrin monomer, or a derivative of fibrin
monomer that may or may not be capable of spontaneous assembly). The
fibrinogen should be able to bind at least two fibrinogen binding moieties. The
fibrinogen may be obtained from any source, and from any species (including
bovine fibrinogen), but is preferably human fibrinogen. Human fibrinogen may be
obtained from autologous or donor blood. Autologous fibrinogen is preferred
because this reduces the risk of infection when biogel (or adhesive) of the
invention is administered to a subject.

Preferably the fibrinogen binding moiety binds to fibrinogen with a dissociation
constant (Kp) of between 10 to 10® M, for example around 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 200, 250, 300, 350, 400, or more
nM. A Kp of around 100nM is preferred. The dissociation constant can be
measured at equilibrium. For example, radio-labelled fibrinogen of known
concentration can be incubated with microspheres to which the fibrinogen binding
moiety has been cross-linked. Typically 5uM peptide is cross-linked to 1gm
microspheres, or 15-40 umoles of peptide is cross-linked to 1gm of microspheres.
The peptide-linked microspheres are diluted to 0.5 mg/ml, and incubated in
isotonic buffer at pH 7.4 (for example 0.01M Hepes buffer containing 0.15M
NaCl) with radio labelled fibrinogen at concentrations of between 0.05 and
0.5mg/ml for up to 1hr at 20°C. The fibrinogen bound to the fibrinogen binding
moiety on the microspheres can be separated from the free fibrinogen by
centrifugation and the amount of free and bound fibrinogen measured. The
dissociation constant can then be calculated by Scatchard analysis by plotting
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concentration of bound fibrinogen against the ratio of the concentrations of
bound: free fibrinogen, where the slope of the curve represents Kp.

In some embodiments of the invention it is preferred that the fibrinogen binding
moiety binds selectively to fibrinogen. In other embodiments it is preferred that
the fibrinogen binding moiety can bind to fibrinogen, and separately to fibrin
monomer and/or fibrin. Binding to fibrinogen and fibrin monomer and/or fibrin is
preferably selective.

Preferably the fibrinogen binding moiety is a fibrinogen binding peptide or peptide
analogue. Any suitable fibrinogen binding peptide may be used. For example, the
peptide may be capable of binding to a region of fibrinogen that is naturally bound
to fibrin or by the platelet membrane glycoproteins GPllb-1lla. Fibrin binding to
fibrinogen is discussed in Mosesson et al. 2001, Ann. N.Y. Acad. Sci., 936, 11-
30. Binding of GPllb-llla to fibrinogen is discussed in Bennett, 2001, Annals of
NY Acad. Sci., 936, 340-354.

The peptide may be capable of binding to the carboxy- and/or amino-terminal
domain of the a-chain of fibrinogen. In particular, the peptide may be capable of
binding to an RGD-containing motif in one or both of these domains (such as
RGDF (SEQ ID NO: 1) at amino acids 95-98, or RGDS (SEQ ID NO: 2) at amino
acids 572-575). The peptide may be capable of binding to the carboxy-terminal
domain of the y—chain of fibrinogen, preferably to the final 12 amino acids of this
domain (sequence HHLGGAKQAGDV (SEQ ID NO: 3)). The peptide may be
capable of binding to the D-domain of the y-chain of fibrinogen, such as the B-
chain segment of the D-domain.

The fibrinogen binding peptide may comprise a sequence derived from a
fibrinogen-binding region of GPllb or GPllla. For example, the peptide may
comprise the sequence AVTDVNGDGRHDLLVGAPLYM (SEQ ID NO: 4) which
corresponds to the sequence of amino acid residues 294-314 of GPllb, or a
fragment or derivative thereof that retains fibrinogen binding activity. Fragments
known to retain fibrinogen binding activity are TDVNGDGRHDL (296-306) (SEQ
ID NO: 5), GDGRHDLLVGAPL (300-312) (SEQ ID NO: 6), and GAPL (SEQ ID
NO: 7). Suitable derivatives of TDVNGDGRHDL include:
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T(D,E)VNG(D,E)GRH(D,E)L (SEQ ID NO: 8); TD(V,L)NGDGRHDL (SEQ ID NO:
9); TDV(N,Q)GDGRHDL (SEQ ID NO: 10); TDVNGDG(R,K)HDL (SEQ ID NO:
11).

The fibrinogen binding peptide may comprise the sequence of residues 95-223 of
GPllla, or a fragment or derivative thereof that retains fibrinogen binding activity.
For example, residues 211-222, comprising the sequence SVSRNRDAPEGG
(SEQ ID NO: 12), are thought to be an important fibrinogen-binding domain in
GPllla. Other suitable regions of GPllla include residues 109-171 and 164-202.

The fibrinogen binding peptide may comprise the sequence of residues which
becomes exposed on fibrinogen by the action of thombin, and which binds
fibrinogen as the first step in the polymerisation reaction to produce fibrin.
Thrombin cleaves peptides (releasing fibrinopeptides A and B) from the N
terminals of the a and B chains of fibrinogen to expose the sequences NH,-GPR-
(SEQ ID NO: 13) and NH,-GHR- (SEQ ID NO: 14) respectively. A preferred
example of a fibrinogen binding peptide therefore comprises the amino acid
sequence NH,-G(P,H)RX- (SEQ ID NO: 15) at its amino terminal end, where X is
any amino acid, and (P,H) means that either proline or histidine is present at that
position. Preferably the peptide comprises the sequence NH,-GPRP- (SEQ ID
NO: 16) at its amino terminal end.

Preferably the fibrinogen binding peptide is 4-30, more preferably 4-10, amino
acid residues in length.

The fibrinogen binding precursor should not bind to fibrinogen such that
fibrinogen molecules become linked together via carriers having immobilised
fibrinogen binding precursors when the carriers are in contact with fibrinogen.
Preferably the dissociation constant of the fibrinogen binding precursor for
fibrinogen is greater than 1x10°M. The fibrinogen binding precursor may be a
peptide or a peptide analogue, but is preferably a peptide. The fibrinogen binding
precursor should not be fibrinogen nor comprise fibrinogen.

In preferred embodiments of the invention the fibrinogen binding precursor
comprises a fibrinogen binding peptide joined at its amino terminal end to a
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blocking component (preferably a peptide) that blocks or inhibits (i.e. reduces)
binding of fibrinogen to the fibrinogen binding peptide. Cleavage of the fibrinogen
binding precursor by a converting agent (preferably a coagulation factor such as
thrombin) exposes the fibrinogen binding peptide bound to the carrier, thereby
converting the fibrinogen binding precursor to a fibrinogen binding moiety. In such
embodiments, the blocking component blocks or inhibits the ability of the
fibrinogen binding peptide to bind fibrinogen until cleavage occurs. Preferably the
blocking component is a peptide of 1-30 amino acid residues in length.

It will be appreciated that in such embodiments the fibrinogen binding precursor
should comprise a cleavage site that is recognised specifically by the converting
agent and which is located between the fibrinogen binding peptide and the
blocking component. Thrombin is a preferred converting agent. However, other
serine proteases or coagulation factors may be used to cleave the fibrinogen
binding precursor. Thrombin is known to cleave peptide bonds carboxy-terminal
to arginine residues, and commonly between arginine and glycine residues.

In particularly preferred embodiments of the invention the fibrinogen binding
precursor is a peptide which comprises the amino acid sequence NH,-
ZYXR/GPRP- (SEQ ID NO: 17) at its amino terminal end, where “/" represents a
thrombin cleavage site, and X is any amino acid, but is preferably proline, Y is
any amino acid, but is preferably aspartic acid or alanine, and Z is at least one
amino acid that is preferably leucine or proline. Examples are: NH,-LVPR/GPRP-
(SEQ ID NO: 18), NH,-ADPR/GPRP- (SEQ ID NO: 19), NH,-LDPR/GPRP- (SEQ
ID NO: 20), or NH,-LVPR/GPRV- (SEQ ID NO: 21).

The fibrinogen binding moieties or precursors can be bound to the carrier by any
suitable means, but are typically covalently bound. Examples of preferred
covalent bonds are a disulphide bond, a thioether bond, or an amide bond. A
suitable covalent bond can be formed when the fibrinogen binding moieties or
precursors are peptides which comprise a cysteine and the carrier comprises a
thiol reactive group. This allows the peptide to be bound to the carrier by linking
the —SH group of the cysteine to the thiol-reactive group on the carrier. Preferably
a terminal cysteine group is incorporated in the fibrinogen binding peptide or
precursor peptide to crosslink the peptide with a thiol-reactive group on the
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carrier. Alternatively, a covalent bond may be formed when the fibrinogen binding
moiety or precursor is a peptide which comprises a maleimide group (preferably
at its carboxy terminus, for example attached to a carboxy-terminal Lysine of the
peptide), and the carrier comprises a sulphydryl group. The peptide may then be
bound to the carrier by reacting the maleimide group of the peptide with the
sulphydryl group of the carrier.

Typically, a spacer will be required between the fibrinogen binding moieties or
precursors and the carrier to ensure that the fibrinogen-binding activity of the
fibrinogen binding moieties (if necessary once converted from the fibrinogen
binding precursors) is not adversely affected by the carrier. Suitable spacers are
peptides, or non peptides such as polyethylene glycol.

Where the fibrinogen binding moieties or precursors are peptides which comprise
a fibrinogen binding peptide, and the moieties or precursors are bound to the
insoluble carrier by a terminal amino acid residue, a spacer sequence is
preferably present between the terminal amino acid residue and the fibrinogen
binding peptide of the moieties or precursors. The spacer sequence may, for
example, be from 1-20, preferably 5-20, amino acid residues in length. The
spacer sequence GGGGGG (SEQ ID NO: 22) or GGGGG (SEQ ID NO: 23) is
preferred.

It will be appreciated that the number of fibrinogen binding moieties or precursors
per carrier and the relative amounts of carrier (with a plurality of fibrinogen
binding moieties or precursors per carrier) and fibrinogen required for optimal
biogel (or tissue adhesive) formation may vary with different preparations of
carrier and fibrinogen. Accordingly it may be necessary or desirable to test each
new batch of carrier or fibrinogen to determine the optimum relative amounts of
carrier and fibrinogen to use for biogel formation.

Preferably each carrier has on average at least five fibrinogen binding moieties or
precursors per carrier. In theory there is no upper limit to the number of fibrinogen
binding moieties or precursors per carrier. The optimum number is likely to
depend on many factors, such as the nature of the carrier, and the number of
reactive groups on each carrier for attaching the fibrinogen binding moities or
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precursors. However, it is preferred that each carrier-has on average upto 100
fibrinogen binding moieties or precursors per carrier. A preferred range is 10-20
fibrinogen binding moieties or precursors per carrier.

Preferably the amount of fibrinogen used is such that there is at least one quarter
(preferably at least one half) of the number of moles of fibrinogen present
compared to the number of moles of fibrinogen binding moiety or precursor.
Preferably the number of moles of fibrinogen relative to the number of moles of
fibrinogen binding moiety or precursor is in the range 1:4 to 4:1.

Dynamic oscillatory measurements may be used to evaluate the viscoelastic
properties of a biogel formed according to the invention. The storage (G’) and
loss modulus (G”) in viscoelastic solids measure the stored energy, representing
the elastic portion, and the energy dissipated as heat, representing the viscous
portion. Tan delta is the ratio of the loss modulus (G”) to the storage modulus
(G"). lt is therefore a gquantification of the elastic and viscous contributions, where
a value above 1 is indicative of liquid-like viscous behaviour, and a value below 1
signifies elastic behaviour. Biogels of the invention preferably have a tan delta
value of less than 1. This provides an indication that the components of the gel
are crosslinked. Tan delta may be determined at a frequency of 1 Hz and a
constant strain of 1%. Suitable methods for measurement of tan delta are
described in more detail in the examples below.

The components of a kit of the invention may be stored separately from each
other, or some or all of the components of the kit may be stored together
provided that components stored together will not react with each other. For
embodiments of the invention in which the kit comprises carriers with immobilised
fibrinogen binding moieties, it will be appreciated that the fibrinogen should be
stored separately from the carriers so that it does not react with the carriers. An
important advantage of kits of the invention that comprise fibrinogen and carriers
with immobilised fibrinogen binding precursors that do not bind fibrinogen is that
the carriers and fibrinogen can be stored together.

Components of a kit of the invention may be stored separately from each other in
a device (for example a syringe) for delivery of the components to a tissue or

10
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other site. The device may be arranged so that the components contact each
other as they are delivered at the tissue or other site.

A kit of the invention may include instructions on how to use the components of
the kit to produce a biogel or tissue adhesive.

Kits of the invention have the advantages that no toxic agents are required,
biogel (or tissue adhesive) is simple to produce using the components of the kits,
and the components can readily be stored in a stable condition. It will also be
appreciated that there is no requirement for thrombin (or other enzymes) to be
present for formation of a biogel or tissue adhesive using a kit of the invention.
Kits of the invention which do not include thrombin are particularly advantageous
because the risk of allergic reaction to a biogel or tissue adhesive formed using
such kits is reduced compared to biogel or tissue adhesive formed using
exogenous thrombin. A further advantage of kits of the invention that do not
include thrombin (or other enzymes) is that there is no requirement to store the
components of the kit under conditions that preserve enzyme activity.

According to some embodiments of the invention, the fibrinogen binding
precursors can be converted to fibrinogen binding moieties by a converting agent
that is present at a site to which carriers having immobilised fibrinogen binding
precursors are administered. This has the advantage that there is no requirement
for the converting agent to be part of the kit. Consequently, there is no
requirement to store the components of the kit under conditions that preserve
activity of the converting agent.

Preferably the converting agent is a wound site agent. The term “wound site
agent” is used herein to mean an agent which is present at a wound site. In a
preferred embodiment the wound site agent is a coagulation factor. Examples of
suitable coagulation factors include thrombin, Factor Vlla, Factor Xa, or Factor
Xla. Preferably the coagulation factor is thrombin.

According to other embodiments, a kit of the invention may further comprise a

converting agent for converting the fibrinogen binding precursors to fibrinogen
binding moieties. The converting agent should be separate from the carrier. In

11
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such embodiments the converting agent may be an agent that is not expected to
be present at a site to which the carriers are to be administered. Alternatively the
converting agent may be an agent that is present at a site to which the carriers
are administered. The converting agent may be a coagulation factor, such as
thrombin, Factor Vlla, Factor Xa, or Factor Xla.

A kit of the invention comprising carriers with immobilised fibrinogen binding
moieties may further comprise a coagulation factor. A kit of the invention
comprising fibrinogen binding precursors that can be converted to fibrinogen
binding moieties by a coagulation factor may comprise a coagulation factor which
does not convert the fibrinogen binding precursors to fibrinogen binding moieties.
In such embodiments the coagulation factor (that does not convert the fibrinogen
binding precursors) may be provided as a separate component of the kit, or with
the carrier and/or fibrinogen. The coagulation factor may be immobilised to the
carrier, for example coupled to each fibrinogen binding precursor.

Where a kit of the invention comprises a coagulation factor (for example
thrombin), this is preferably a coagulation factor which is of human sequence,
rather than non-human (such as a bovine coagulation factor) to reduce the risk of
allergic reaction to the coagulation factor.

A biogel or tissue adhesive of the invention may be formed before being
administered to a tissue site, or in situ at a tissue site, for example at a wound
site. Biogel or tissue adhesive at a tissue site preferably comprises topically

administered carrier.

It will be appreciated that thrombin may be present at a tissue site at which a
biogel or tissue adhesive of the invention is administered or formed. For example,
if the tissue site is a bleeding wound site, host thrombin is likely to be present at
the wound site. Of course, thrombin may alternatively or additionally be present if
it is provided with a kit of the invention.

Use of fibrinogen binding moieties that are able to bind to fibrinogen and

separately to fibrin monomer and/or fibrin may be advantageous if biogel or
adhesive of the invention is formed in the presence of thrombin, or comes into
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contact with thrombin-once it is formed. If thrombin is present with fibrinogen and
carriers having immobilised fibrinogen binding moieties, the thrombin will convert
at least some of the fibrinogen to fibrin monomer. It will be appreciated that under
these conditions, it is preferred that the fibrinogen binding moieties also bind to
fibrin monomers so that the fibrin monomers formed by thrombin can be linked
together by the carriers.

If biogel or adhesive of the invention comes into contact with thrombin once it is
formed, it may be advantageous if the fibrinogen bound to the fibrinogen binding
moieties is able to be converted to fibrin monomer and the fibrinogen binding
moieties remain bound to the fibrin monomer. Under these circumstances non-
covalent bonds formed between fibrinogen and the fibrinogen binding moieties
will not be disrupted by conversion of fibrinogen to fibrin monomer. It may also be
advantageous if at least some of the fibrin monomers bound to the fibrinogen
binding moieties are able to assemble to form fibrin whilst remaining bound to the
fibrinogen binding moieties. Under these circumstances the biogel or tissue
adhesive may be strengthened by the formation of fibrin.

If thrombin is present (for example, from a kit of the invention, or host thrombin at
a wound site) it is preferred that the carriers and fibrinogen are contacted with
each other before being contacted with thrombin, or that the carriers, fibrinogen
and thrombin are contacted with each other at substantially the same time.

Whilst it is possible that a biogel or tissue adhesive may be formed if thrombin
and fibrinogen are contacted with each other before contact with the carriers, this
is expected to be of less use than a biogel or tissue adhesive formed by
contacting the carriers and fibrinogen with each other before thrombin, or by
contacting the carriers, fibrinogen and thrombin with each other at substantially
the same time. This is because the thrombin will be expected to convert the
fiborinogen molecules to fibrin monomers which will then aggregate to form
insoluble fibrin before contact with the carriers. However, it may in some
circumstances be appropriate to form a biogel or tissue adhesive by contacting
the thrombin and fibrinogen before the carriers, for example if the thrombin is
inactive until or after contact with the carriers.
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There is also provided according to the invention a method of forming a biogel,
which comprises contacting a plurality of carriers with fibrinogen molecules and
thrombin, wherein a plurality of fibrinogen binding moieties are immobilised to
each carrier, and each fibrinogen molecule can bind at least two fibrinogen
binding moieties, to form a biogel in which fibrin monomers are linked together
via the carriers by non-covalent bonds between the fibrinogen binding moieties
and the fibrin monomers.

The biogel may or may not comprise fibrin. Accordingly, the fibrin monomers may
be part of fibrin in the biogel, or the fibrin monomers may not be part of fibrin in
the biogel.

There is also provided according to the invention a biogel which comprises fibrin
monomers and a plurality of carriers, each carrier having a plurality of fibrinogen
binding moieties immobilised to the carrier, wherein the fibrin monomers are
linked together via the carriers by non-covalent bonds between the fibrinogen
binding moieties and the fibrin monomers.

There is further provided according to the invention a biogel which comprises
fibrin and a plurality of carriers, each carrier having a plurality of fibrinogen
binding moieties immobilised to the carrier, wherein fibrin monomers of the fibrin
are linked together via the carriers by non-covalent bonds between the fibrinogen
binding moieties and the fibrin monomers.

In a preferred aspect the biogel is a tissue adhesive.

A kit of the invention may comprise Factor Xlll, and optionally calcium ions and
thrombin for activation of Factor Xlll to Factor Xllla (if so, the calcium ions and
thrombin should be separate from the Factor Xlll). Alternatively or additionally,
Factor Xllla may be present at a tissue site at which a biogel or tissue adhesive
of the invention is administered or formed. For example, if the tissue site is a
bleeding wound site, host Factor Xllla is likely to be present at the wound site.
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If Factor Xllla is contacted with a biogel or tissue adhesive of the invention which
comprises fibrin, the biogel or tissue adhesive may be further strengthened by
reaction of Factor Xllla with the fibrin to covalently cross-link the fibrin.

There is also provided according to the invention a method of forming a biogel,
which comprises: contacting a plurality of carriers with fibrinogen molecules and
thrombin, wherein a plurality of fibrinogen binding moieties are immobilised to
each carrier, and each fibrinogen molecule can bind at least two fibrinogen
binding moieties, to form a biogel comprising fibrin in which fibrin monomers of
the fibrin are linked together via the carriers by non-covalent bonds between the
fibrinogen binding moieties and the fibrin monomers; and contacting the biogel
with Factor Xllla so that fibrin monomers of the fibrin become covalently linked
together by peptide bonds.

There is further provided according to the invention a biogel which comprises
fibrin and a plurality of carriers, each carrier having a plurality of fibrinogen
binding moieties immobilised to the carrier, wherein fibrin monomers of the fibrin
are covalently linked together by peptide bonds and fibrin monomers of the fibrin
are linked together via the carriers by non-covalent bonds between the fibrinogen
binding moieties and the fibrin monomers.

In a prefered aspect the biogel is a tissue adhesive.

A kit of the invention may further comprise a promoter of wound healing. Suitable
examples include growth factors, such as platelet-derived growth factor. The
promoter may be a separate component of the kit, or immobilised to the carrier.

A kit of the invention may further comprise an antimicrobial agent, for example an
antibiotic. The antimicrobial agent may be a separate component of the kit, or
immobilised to the carrier.

It will be appreciated that if carriers having a plurality of fibrinogen binding

moieties immobilised to each carrier are administered to a tissue site at which
host fibrinogen is present (for example, at a bleeding wound site) the carriers will
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react with the host's fibrinogen to form a biogel or tissue adhesive in situ at the
tissue site.

Similarly, if carriers having a plurality of fibrinogen binding precursors immobilised
to each carrier are administered to a tissue site at which a converting agent for
converting the fibrinogen binding precursors to fibrinogen binding moieties, and
host fibrinogen are present (for example, at a bleeding wound site) the fibrinogen
binding precursors will be converted to fibrinogen binding moieties, and the
carriers will then react with the host’s fibrinogen to form a biogel or tissue
adhesive in situ at the tissue site. For example, the fibrinogen binding precursors
may be converted to fibrinogen binding moieties by host thrombin, or another
coagulation factor.

Accordingly, there is further provided according to the invention a biogel which
comprises topically administered carriers, each carrier having a plurality of
fibrinogen binding moieties immobilised to the carrier, and endogenous
fibrinogen, wherein each molecule of endogenous fibrinogen is bound to at least
two fibrinogen binding moieties, so that the fibrinogen molecules are linked
together via the carriers by non-covalent bonds between the fibrinogen binding
moieties and the endogenous fibrinogen molecules.

The term “endogenous fibrinogen” is used herein to mean that the fibrinogen is
host fibrinogen, which is present at a site to which the carriers are administered.
Typically the host fibrinogen will be present because blood of the host is present
at the wound site.

There is also provided according to the invention use of a carrier for formation of
a biogel, the carrier having a plurality of fibrinogen binding moieties or fibrinogen
binding precursors immobilised to the carrier.

The biogel is preferably a tissue adhesive.

The carrier may be used for formation of a biogel or tissue adhesive for
haemostasis, as a sealant, for localised drug delivery, or for tissue engineering.
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Administration of a carrier to form a biogel or tissue adhesive has the advantage
that the risk of host allergic reaction is minimised because there is no
requirement for exogenous fibrinogen or thrombin, no toxic agents are required,
and the carrier can readily be stored in a stable condition.

There is also provided according to the invention a method of controlling bleeding
at a site at which host fibrinogen is present, which comprises topically
administering a plurality of carriers to the site, wherein each carrier has a plurality
of fibrinogen binding moieties immobilised to the carrier, and host fibrinogen
molecules at the site can bind at least two of the fibrinogen binding moieties.

There is further provided according to the invention a method of controlling
bleeding at a site at which host fibrinogen and coagulation factor is present,
which comprises topically administering a plurality of carriers to the site, wherein
each carrier has a plurality of fibrinogen binding precursors immobilised to the
carrier and the fibrinogen binding precursors can be converted to fibrinogen
binding moieties by host coagulation factor, and host fibrinogen molecules at the
site can bind at least two of the fibrinogen binding moieties.

There is further provided according to the invention use of a plurality of carriers in
the manufacture of a medicament (e.g. a biogel or tissue adhesive) for controlling
bleeding, or for treating or sealing a wound, wherein each carrier has a plurality
of fibrinogen binding moieties or fibrinogen binding precursors immobilised to the

carrier.

There is also provided according to the invention use of a plurality of carriers,
each carrier having a plurality of fibrinogen binding moieties or fibrinogen binding

precursors immobilised to the carrier, for formation of a biogel.

There is further provided according to the invention a plurality of carriers for use
(e.g. as a biogel or tissue adhesive) in controlling bleeding, or for treating or
sealing a wound, wherein each carrier has a plurality of fibrinogen binding

moieties or fibrinogen binding precursors immobilised to the carrier.

The carriers may be insoluble or soluble. Carriers may be administered topically.
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If the carrier is a soluble carrier, a preferred topical formulation of the carrier having
immobilised fibrinogen binding moieties or fibrinogen binding precursors is a liquid

formulation, preferably in an isotonic buffer at physiological pH.

If the carrier is an insoluble carrier, a preferred topical formulation of the carrier having
immobilised fibrinogen binding moieties or fibrinogen binding precursors is in the form of

a powder that can be sprayed, for example, onto a tissue site.

Powdered carrier may be formed using any suitable method, including methods comprising
spray drying, or lyophilising a suspension of carrier having a plurality of fibrinogen
binding moieties or fibrinogen binding precursors immobilised to each carrier (for example
suspended in an isotonic buffer at physiological pH). Preferably spray-drying is used since
this can be a more rapid and easily scaled method of drying than lyophilisation. Suitable

spray-drying methods are described in WO 92/18164.

According to the invention there is provided an agent for formation of a biogel, the agent
comprising soluble carrier, wherein a plurality of fibrinogen binding moieties or fibrinogen

binding precursors are immobilised to each carrier.

In an embodiment there is provided an agent for formation of a biogel, the agent
comprising soluble carrier, wherein a plurality of fibrinogen binding moieties, or a
plurality of fibrinogen binding precursors each of which can be converted to a fibrinogen
binding moiety, are immobilised to each carrier, such that when the agent with fibrinogen
binding moieties is contacted by fibrinogen, or the agent with fibrinogen binding
precursors is contacted with fibrinogen following conversion of the precursors to
fibrinogen binding moieties, each fibrinogen molecule binds at least two of the fibrinogen
binding moieties, resulting in formation of a biogel in which the fibrinogen molecules are
linked together via the carriers by non-covalent bonds between the fibrinogen molecules

and the fibrinogen binding moieties.

There is also provided according to the invention an agent for formation of a biogel, the
agent comprising insoluble carrier having a plurality of fibrinogen binding moieties or
fibrinogen binding precursors immobilised to each carrier, wherein the agent is in the form

of a powder formed other than by lyophilisation.

(7650258_1):GGG
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There is also provided according to the invention a method of forming a powdered agent,
the agent comprising insoluble carrier having a plurality of fibrinogen binding moieties or
fibrinogen binding precursors immobilised to each carrier, wherein the method comprises

spray-drying a suspension of the agent.

Preferably the agent is suitable for topical administration. If the agent comprises soluble
carrier with a plurality of fibrinogen binding precursors immobilised to each carrier, the

agent may be suitable for intravenous administration.
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The carrier or agent may be provided as a component of a kit. The kit may further
comprise a coagulation factor, a promoter of wound healing, or an antimicrobial
agent. The coagulation factor, promoter of wound healing, or antimicrobial agent
may be a separate component of the kit, or immobilised to the carrier. In some
preferred embodiments the coagulation factor, promoter of wound healing, or
antimicrobial agent may be part of the fibrinogen binding precursor such that it is
released when the fibrinogen binding precursor is converted to a fibrinogen
binding moiety.

A kit of the invention may be a compartmentalised kit in which components of the
kit that are desired to be kept separate from one another are contained in
separate compartments or containers. A kit of the invention may include
instructions for using the kit components to carry out a method of the invention.

Biogel or tissue adhesive of the invention may be topically administered to a
tissue site, for example to skin or mucosal tissue. Biogel or tissue adhesive of the
invention may be used for haemostasis, as a sealant, for localized drug delivery
or for tissue engineering.

Biogel or tissue adhesive of the invention may be administered by forming the gel
or adhesive before contacting the gel or adhesive with the administration site, or
by forming the biogel or tissue adhesive at the administration site.

It has also been appreciated that an agent comprising soluble carrier, wherein a
plurality of fibrinogen binding precursors each of which can be converted to a
fibrinogen binding moiety, are immobilised to each carrier may be administered
intravenously, for example to control bleeding or for drug delivery. A preferred
intravenous formulation is a 20% aqueous isotonic solution. In a preferred
embodiment, the fibrinogen binding precursors can be converted by thrombin.

There is further provided according to the invention a method of controlling
bleeding, which comprises intravenously administering an agent comprising
soluble carrier, wherein a plurality of fibrinogen binding precursors each of which
can be converted to a fibrinogen binding moiety, are immobilised to each carrier.

19



WO 2008/065388 PCT/GB2007/004538

10

15

20

25

30

35

There is further provided according to the invention a method of delivering a drug
to a subject, which comprises intravenously administering an agent comprising
soluble carrier to the subject, wherein a plurality of fibrinogen binding precursors
each of which can be converted to a fibrinogen binding moiety, are immobilised to
each carrier, and wherein the carrier comprises a drug or a drug is immobilised to
the carrier.

Of course topical or intravenous formulations should be sterile.

Biogel or tissue adhesive of the invention may further comprise a promoter of
wound healing, or an antimicrobial agent.

There is also provided according to the invention a method of controlling
bleeding, which comprises topically administering biogel or tissue adhesive of the

invention to a bleeding site.

There is also provided according to the invention a method of treating or sealing
a wound, which comprises administering (preferably topically) a biogel or tissue
adhesive of the invention to a wound site.

There is also provided according to the invention a biogel or tissue adhesive of
the invention for use as a medicament.

There is further provided according to the invention use of a biogel or tissue
adhesive of the invention in the manufacture of a medicament for controlling

bleeding, or for treating or sealing a wound.

There is also provided according to the invention a biogel or tissue adhesive of
the invention for controlling bleeding, or for treating or sealing a wound.

Use of a biogel or tissue adhesive of the invention may be topical use. Where the
biogel or tissue adhesive is formed with soluble carrier and fibrinogen binding
moieties converted from fibrinogen binding precursors, the use may be

intravenous.
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Preferred embodiments of the invention are now described by way of example
only.

According to a first preferred embodiment of the invention, a plurality of peptides,
each comprising a fibrinogen binding sequence at the amino-terminal end (for
example peptides of sequence GPRPGGGGGGC (SEQ ID NO: 24)) are linked at
their carboxy-terminal ends to a carrier, which is a soluble protein (such as
albumin). A biogel is formed by contacting the peptide-linked carrier with
fibrinogen. The biogel may then be administered topically as a dressing to a

wound.

According to a second preferred embodiment of the invention, the peptide-linked
carrier of the first preferred embodiment and fibrinogen are mixed at a wound site

to form a biogel in situ.

According to a third preferred embodiment of the invention, the peptide-linked
carrier of the first preferred embodiment is administered to a wound site at which
fibrinogen from host blood is present to form a biogel in situ.

According to a fourth preferred embodiment of the invention, a plurality of
peptides, each comprising a fibrinogen binding sequence coupled at its amino
terminal end to a blocking peptide sequence (for example peptides of sequence
LVPRGPRPGGGGGGC (SEQ ID NO: 25)), are linked at their carboxy-terminal
ends to a carrier, which is a soluble protein (such as albumin). The peptide-linked
carrier can be combined with fibrinogen and then applied to a wound as a single
mixture. Host thrombin present at the site of the wound cleaves the peptides to
release the blocking peptides and expose the fibrinogen binding sequence. The
carrier with exposed fibrinogen binding sequence reacts with the fibrinogen to

form a biogel in situ.

Alternatively, the peptide-linked carrier of the fourth preferred embodiment can be
administered intravenously. Host thrombin at the site of a wound cleaves the
peptides to release the blocking peptides and expose the fibrinogen binding
sequence. The carrier with exposed fibrinogen binding sequences reacts with
host fibrinogen to control bleeding at the wound site.
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The biogel of the four preferred embodiments described above may be a tissue
adhesive.

An insoluble carrier (for example an albumin microsphere) may be used instead
of the soluble protein carrier in any of the above preferred embodiments (other
than for intravenous administration).

Branched polyethylene glycol (PEG) or any other biocompatible polymer may be
used instead of the soluble protein carrier in any of the above preferred
embodiments.

A coagulation factor may be immobilised to the carrier in any of the above
preferred embodiments, providing that where fibrinogen binding precursors are
immobilised to the carrier, the coagulation factor will not convert the fibrinogen
binding precursors to fibrinogen binding moieties.

The carrier may further comprise a promoter of wound healing (for example, a
growth factor such as platelet-derived growth factor) in any of the above preferred
embodiments.

Further preferred embodiments of the invention are described in the following
examples with reference to the accompanying drawings in which:

Figure 1 which shows schematically: (a) an albumin carrier having a
plurality of fibrinogen binding peptides immobilised to the carrier; (b) a fibrinogen
molecule; and (c) a biogel in which the fibrinogen molecules are linked together
via the carriers by non-covalent bonds between the fibrinogen binding peptides
and the fibrinogen molecules;

Figure 2 shows a plot of the storage (squares) and loss modulus
(triangles) against percentage strain on a mixture of 25ul of peptide-modified
HSA and fibrinogen at 32 mg/ml at 20 °C (A) and 37°C (B);

Figure 3 shows storage modulus (squares) and complex viscosity
(triangles) versus frequency at 20°C (with 1% strain amplitude), for 25ul of
peptide-modified HSA mixed with fibrinogen at 32 mg/ml; and
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Figure 4 shows a photograph of a fibrinogen solution before (a) and after
(b) addition of peptide-modified HSA.

Example 1
Formation of a biogel or tissue adhesive using fibrinogen, and fibrinogen binding

peptides immobilised to a carrier comprising human serum albumin

Human serum albumin (HSA) was reacted with a 40-fold molar excess of the
linker succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC) at
pH 7.4. The modified protein (HSA-SMCC) was purified and it was determined
that on average one mole of HSA was modified with 18 moles of SMCC. Either
GPRPGGGGGGC (B10; SEQ ID NO: 24) or LVPRGPRPGGGGGGC (TC-15;
SEQ ID NO: 25) peptide was added to HSA-SMCC at 1.5 mole excess in relation
to maleimide moieties. The peptide-modified HSA protein was then purified from
un-reacted peptide and stored at —-80°C at 7 mg/ml. Lyophilised human fibrinogen
was solubilized in water at 16mg/ml as described by supplier (Scottish National
Blood Transfusion service).

Peptide-modified HSA (5ul) was added to 0.3 ml of fibrinogen solution, an instant
gel was observed for B10-HSA while for TC-15 no gel was observed. The
exposed GPRP peptide sequence is known to bind to the “a@”" pocket within the
carbonyl region of the two distal domains (D) of fibrinogen (Figure 1b). It is
believed that the HSA modified with multiple exposed GPRP sequences (B10)
acts as a branching point for polymerisation of fibrinogen (Figure 1c). The gel is
formed in the absence of thrombin.

Methods for Examples 2-5

Synthesis of Peptide-modified HSA

Human serum albumin (HSA) at 10 mg/ml was reacted with a 5, 10, 20 or 40-fold
molar excess of the linker sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-
1-carboxylate (Sulfo-SMCC) at pH 7.4 with a total volume of 0.7 ml. The modified
protein (HSA-SMCC) was purified by a Zebra™ Desalt Spin Column (Pierce,
Rockford, IL) and it was determined that on average one mole of HSA was
modified with 5, 8, 16 or 18 moles of Sulfo-SMCC, respectively. To determine the
number of maleimide groups bound per HSA molecule, a sample of 3 nmoles of
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HSA was incubated with a known amount of cysteine (100 nmoles) in buffer at
room temperature for 30 min. The remaining cysteine was then reacted with 1
mmol of 5, 5-dithiobis(2-nitrobenzoate) (DTNB) for 20 min and As. was
measured. The maleimide level was calculated by comparing the absorbance of
the control and protein samples. Either GPRPGGGGGGC (B10; SEQ ID NO: 24)
or LVPRGPRPGGGGGGC (TC-15; SEQ ID NO: 25) peptide was added to HSA-
SMCC at 1.5 mole excess in relation to maleimide moieties. The peptide-modified
HSA protein was then purified from un-reacted peptide using a Zebra™ Desalt
Spin Column (Pierce, Rockford, IL) and stored at —-80°C at 7 mg/ml. Lyophilised
human fibrinogen (Scottish National Blood Transfusion Service, Edinburgh,
Scotland) was solubilised in water at 8, 16, 32 and 64 mg/ml. The concentration
of fibrinogen and albumin was determined from the absorbance at 280 nm (Axg)
using a conversion factor of 1% Fibrinogen Epgp=15 and 1% HSA E=13.8
Rheological characterization

Dynamic oscillatory measurements were used to evaluate the viscoelastic
properties of the gels. The mixture was allowed to equilibrate at room
temperature overnight and the gel was transferred to the lower plate of a Physica
MCR-501 (Anton Paar, Germany) rheometer with a cone and plate of 25 mm
diameter and a 1° cone angle. Tests were performed at either 20 or 37+°C in a
humidified atmosphere. Frequency sweeps were performed between 0.01 and 50
Hz at a constant strain amplitude of 1%. The rheological parameters examined
were processed with the dedicated Anton Paar software provided with the
rheometer.

Example 2 Influence of both the amount of peptide-modified HSA and
fibrinogen concentration on gel formation

The polymerisation of fibrinogen was initially monitored visually after the mixing of
fibrinogen with HSA solutions. Peptide-modified HSA modified with either 5, 8, 16
or 18 moles of fibrinogen binding peptide was conjugated to one mole of HSA. A
25ul sample of the peptide-modified HSA or unmodified HSA was mixed with
0.2ml of fibrinogen at 8, 16, 32 or 64 mg/ml. The formation of a gel was visually
determined after 0.5 h at room temperature. For unmodified HSA or HSA
modified with 5 or 8 moles of peptide no gel formation was observed at all
fibrinogen concentrations tested. Polymerisation was only observed at 32 or 64
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mg/ml fibrinogen with peptide-modified HSA with 16 or 18 moles of binding
peptide.

Figure 4 shows a photograph of the fibrinogen solution (0.2 ml 32 mg/ml
fibrinogen) before (a) and after (b) the addition of peptide-modified HSA (25 pl, 18
moles peptide). The biogel formed according to the invention is shown in (b).

Example 3 Influence of the amount of peptide-modified HSA

To determine the effect of the amount of peptide-modified HSA and fibrinogen on
the rheological properties of the mixtures, shear strength measurements were
determined with 25 or 50 ul of peptide-modified HSA with fibrinogen at 32 and 64
mg/ml. Peptide-modified HSA that was modified with 16 moles of binding-peptide
per mole of HSA was used for this experiment. To ensure that the dynamic
oscillatory experiments were made within the linear viscoelastic strain limit of the
gel a strain sweep was performed. Figure 2 shows the strain sweeps at 20 and
37°C for 25ul of peptide-modified HSA mixed with fibrinogen at 32 mg/ml. Both
storage modulus (G') and loss modulus (G") appeared stable over the range and
a constant strain of 1 % was selected with in this linear viscoelastic strain range.
Frequency sweeps demonstrated a G’ value which was greater than G" which is
indicative of a cross-linked network (Table 1). Values shown in this Table are
taken at a frequency of 1 Hz. Tan delta is the ratio of the loss modulus to the
storage modulus. It is therefore a quantification of the elastic and viscous
contributions, where a value above 1 is indicative of liquid like viscous behaviour
and below 1 signifies elastic behaviour. Complex viscosity n*, defined as complex
modulus G* divided by angular frequency (w), were determined under the same
conditions. It appears under these conditions that amount of both peptide-
modified HSA and fibrinogen does not influence greatly the mechanical strength
of the gel.
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Table 1:

Fibrinogen (mg/ml) 32 64
Peptide-modified HSA (ul) 25 50 25 50
Storage modulus (G)) 432 439 421 588
Complex viscosity (1*) 88 70 77 94
Tan delta 0.22 0.11 0.24 0.2

A different batch of peptide-modified HSA with 18 peptides bound per HSA (25ul)
with 32 mg/ml fibrinogen showed G’ of 5200, complex viscosity of 820 and Tan
delta 0.105.

Example 4 Influence of temperature on rheological properties

Investigations of the effect of temperature on a gel are important for applications
of the product when used at surgical body temperature or when applied topically.
We evaluated the mechanical strength of the gel at 20 and 37°C and values given
in Table 2 are taken at a frequency of 1 Hz. Increasing the temperature of the gel
generated from fibrinogen at 32 mg/ml and 25ul of HSA modified with 16 moles
of peptide resulted in both a decrease in the G' and complex viscosity (Table 2).
At both 20 and 37°C the tan delta was below 1, therefore a (non-covalent) cross-
linked network structure is maintained at 37°C.

Table 2:

Temperature (°C) 20 37
Storage modulus (G') 432 109
Complex viscosity (1%) 88 21
Tan delta 0.22 0.72
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Example 5 Gel formation in human plasma.

Investigating whether the peptide-modified HSA could polymerise fibrinogen in
human plasma is important for applications of the product as a surgical
glue/adhesive. Peptide-modified HSA (75ul) modified with 18 moles of peptide
was mixed with 0.8ml of human pooled plasma. Rheology on the plasma derived
gel was performed at 37°C and gave a G’ value of 6100 with a tan delta of 0.104.
It is concluded from this result that peptide-modified HSA can polymerise
fibrinogen in human plasma resulting a in (non-covalent) cross-linked network

structure at 37°C.
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Claims

1. A kit when used for formation of a biogel, which comprises: a pluralityj of soluble
carriers, each carrier having a plurality of fibrinogen binding moieties immobilised to the
carrier; and, separately, fibrinogen, wherein each molecule of fibrinogen can bind at least
two of the fibrinogen binding moieties, such that when the carriers are contacted by the
fibrinogen, a biogel is formed in which the fibrinogen molecules are linked together via the
carriers by non-covalent bonds between the fibrinogen molecules and the fibrinogen

binding moieties.

2. A kit when used for formation of a biogel, which ‘comprises a plurality of soluble
carriers, each carrier having a plurality of fibrinogen binding precursors immobilised to the
carrier, wherein each fibrinogen binding precursor can be converted to a fibrinogen
binding moiety; and fibrinogen, wherein each molecule of fibrinogen can bind at least two
of the fibrinogen binding moieties, such that when the carriers are contacted by the
fibrinogen following conversion of the fibrinogen binding precursors to fibrinogen binding
moieties, a biogel is formed in which the fibrinogen molecules are linked together via the
carriers by non-covalent bonds between the fibrinogen molecules and the fibrinogen

binding moieties.

3. A kit according to claim 2, wherein the fibrinogen binding precursors can be

converted by a wound site agent to fibrinogen binding moieties.
4. A kit according to claim 3, wherein the wound site agent is a coagulation factor.

5. A kit according to claim 4, which further comprises a coagulation factor which does
not convert the fibrinogen binding precursors to fibrinogen binding moieties.

6. A kit according to claim 5, wherein each fibrinogen binding precursor is coupled to

the coagulation factor.

7. A kit according to claim 2, which further corﬁprises a converting agent for

converting the fibrinogen binding precursors to fibrinogen binding moieties.

8. A kit according to claim 7, wherein the converting agent is a wound site agent.
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9. A kit according to claim 8, wherein the wound site agent is a coagulation factor.

10. A kit according to claim 9, which further comprises a coagulation factor which does
not convert the fibrinogen binding precursors to fibrinogen binding moieties.

1. A kit according to claim 1, which further comprises'a coagulation factor.

12. A kit according to any preceding claim, which further comprises a promoter of

wound healing or an antimicrobial agent.

13. A kit according to any preceding claim, wherein the carrier comprises a

biocompatible polymer.
14. A kit according to any preceding claim for formation of a tissue adhesive.

15. An agent for formation of a biogel, the agent comf)rising soluble carrier, wherein a
plurality of fibrinogen binding moieties, or a plurality of fibrinogen binding precursors each
of which can be converted to a fibrinogen binding moiety, are immobilised to each carrier,
such that when the agent with fibrinogen binding moieties is contacted by fibrinogen, or
the agent with fibrinogen binding precursors is contacted with fibrinogen following
conversion of the precursors to fibrinogen binding moieties, each fibrinogen molecule
binds at least two of the fibrinogen binding moieties, resulting in formation of a biogel in
which the fibrinogen molecules are linked together via the carriers by non-covalent bonds

between the fibrinogen molecules and the fibrinogen binding moieties.

16. An agent according to claim 15, wherein the fibrinogen binding precursors can be

converted by a wound site agent to fibrinogen binding moieties.

17. An agent according to claim 16, wherein the wound site agent is a coagulation

factor.
18.  An agent according to any of claims 15 to 17 for formation of a tissue adhesive.
19. A biogel which comprises fibrinogen molecules and a plurality of soluble carriers,

wherein each carrier has a plurality of fibrinogen binding moieties immobilised to the
carrier, and each molecule of fibrinogen is bound to at least two fibrinogen binding
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moieties, so that the fibrinogen molecules are linked together via the carriers by non-
covalent bonds between the fibrinogen binding moieties and the fibrinogen molecules.

20. A biogel which comprises fibrin monomers and: a plurality of soluble carriers,
wherein each carrier has a plurality of fibrinogen binding moieties immobijised to the
carrier, and the fibrin monomers are linked together via the carriers by non-covalent bonds'
between the fibrinogen binding moieties and the fibrin mohomers.

21. A biogel which comprises fibrin and a plurality of soluble carriers, each carrier
having a plurality of fibrinogen binding moieties immobilised to the carrier, wherein fibrin
monomers of the fibrin are covalently linked together by peptide bonds and fibrin
monomers of the fibrin are linked together via the carriers by non-covalent bonds between

the fibrinogen binding moieties and the fibrin monomers.
22. A biogel according to any of claims 19 to 21 which is a tissue adhesive.

23. A method of forming a biogel, which compfises contacting fibrinogen molecules
with a plurality of soluble carriers, wherein each carrier has a plurality of fibrinogen binding
moieties immobilised to the carrier, and each molecule of fibrinogen can bind at least two
fibrinogen binding moieties, so that the fibrinogen molecules become linked together via
the carriers by formation of non-covalent bonds between the fibrinogen binding moieties

and the fibrinogen molecules.

24. A method of forming a biogel, which comprises: providing a plurality of soluble
carriers, each carrier comprising a plurality of fibrinogen binding precursors immobilised to
the carrier; converting the fibrinogen binding precursors to fibrinogen binding moieties;,
and contacting fibrinogen molecules with the fibrinogen binding moieties, wherein each
molecule of fibrinogen can bind at least two fibrinogen binding moieties, so that the
fibrinogen molecules become linked together via the carriers by formation of non-covalent

bonds between the fibrinogen binding moieties and the fibrinogen molecules.

25. A method of forming a biogel, which comprises contacting a plurality of soluble
carriers with fibrinogen molecules and thrombin, wherein a plurality of fibrinogen binding
moieties are immobilised to each carrier, and each fibrinogen molecule can bind at least

two fibrinogen binding moieties, to form a biogel in which fibrin monomers are linked
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together via the carriers by non-covalent bonds between the fibrinogen binding moieties

and the fibrin monomers.

26. A method of forming a biogel, which comprises contacting a plurality of soluble
carriers with fibrinogen molecules and thrombin, wherein? a plurality of fibrinogen binding
moieties are immobilised to each carrier, and each fibrinogen molecule can bind at least
two fibrinogen binding moieties, to form a biogel comprising fibrin in which fibrin
monomers of the fibrin are linked together via the carriers by non-covalent bonds between
the fibrinogen binding moieties and the fibrin monomers; and contacting the biogel with
Factor Xllla so that fibrin monomers of the fibrin become covalently linked t%)gether by

peptide bonds.

27. A method according to any of claims 23 to 26, wherein the biogel is a tissue

adhesive.

28. A method of controlling bleeding at a site at which host fibrinogen is present, which
comprises topically administering a plurality of soluble carriers to the site, wherein each
carrier has a plurality of fibrinogen binding moieties immbbilised to the carrier, and each
host fibrinogen molecule at the site can bind at least two of the fibrinogen binding
moieties, to form a biogel in which the fibrinogen molecules are linked together via the

carriers by non-covalent bonds between the fibrinogen molecules and the fibrinogen |

binding moieties .

29. A method of controlling bleeding at a site at which host fibrinogen and coagulation
factor is present, which comprises topically administering a plurality of soluble carriers to
the site, wherein each carrier has a plurality of fibrinogen binding precursors immobilised
to the carrier and the fibrinogen binding precursors can be converted to fibrinogen binding
moieties by host coagulation factor, and each host fibrinogen molecule at the site can bind
at least two of the fibrinogen binding moieties, to form a biogel in which the fibrinogen
molecules are linked together via the carriers by non-covalent bonds between the

fibrinogen molecules and the fibrinogen binding moieties.

30. A method of controlling bleeding, which comprises topically administering a biogel
according to any of claims 19 to 22 to a bleeding site.
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31. A method of treating or sealing a wound, which comprises topically administering a
biogel according to any of claims 19 to 22 to a wound site, or topically administering a
plurality of soluble cafriers, each carrier having a plurality of fibrinogen binding moieties or
fibrinogen binding precursors' immobilised to the carrier, to a wound site, to form a biogel

according to any of claims 19 to 22.

32. A method of controlling bleeding which comprises intravenously administering an
agent comprising soluble carrier, wherein a plurality of fibrinogen binding precursors each
of which can be converted to a fibrinogen binding moiety, are immobilised to each carrier,

to form a biogel according to any of claims 19 to 22.
33. Use of a plurality of soluble carriers, each carrier having a plurality of fibrinogen
binding moieties or fibrinogen binding precursors immobilised to the carrier, for formation

of a biogel according to any of claims 19 to 22.

34. Use according to claim 33 in haemostasis, as a sealant, for localised drug delivery,

or for tissue engineering.
35. Use according to claim 33 or 34, for formation of a tissue adhesive.

36. Use of a biogel according to any of claims 19 to 22 in haemostasis, as a sealant,

for localised drug delivery, or for tissue engineering.

37. A biogel according to any of claims 19 to 22, or an agent according to any of

claims 15 to 18, for use as a medicament.
38. Use of a biogel according to any of claims 19 to 22, or an agent according to any

of claims 15 to 18, in the manufacture of a medicament for controlling bleeding, or for

treating or sealing a wound.
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39. Use of a plurality of soluble carriers in the manufacture of a biogel according to
any of claims 19 to 22 for controlling bleeding, or for treating or sealing a wound, wherein
each carrier has a plurality of fibrinogen binding moieties or fibrinogen binding precursors
immobilised to the carrier.
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SEQUENCE LISTING

<110> Haemostatix Limited
walker, Greg

<120> Biogel
<130> P/52029.w001

<140> PCT/GB2007/004538
<141> 2007-11-27

<150> GB 0623607.9
<151> 2006-11-27

<160> 25

<170> PatentIn version 3.4

<210> 1
<211> 4
<212> PRT

<213> Homo sapiens
<400> 1

Arg Gly Asp Phe
1

<210> 2
<211> 4
<212> PRT

<213> Homo sapiens
<400> 2

Arg Gly Asp Ser
1

<210> 3
<211> 12
<212> PRT

<213> Homo sapiens
<400> 3

His His Leu Gly Gly Ala Lys Gln Ala Gly Asp val
1 5 10

<210> 4
<211> 21
<212> PRT

<213> Homo sapiens

<400> 4

Ala val Thr Asp val Asn Gly Asp Gly Arg His Asp Leu Leu Vval Gly
1 5 10 15

Ala Pro Leu Tyr Met
20

<210> 5
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<211> 11

<212> PRT

<213> Homo sapiens

<400> 5

Thr Asp val Asn Gly Asp Gly Arg His Asp Leu
1 5 10
<210> 6

<211> 13

<212> PRT

<213> Homo sapiens

<400> 6

Gly Asp Gly Arg His Asp Leu Leu Vval Gly Ala Pro Leu
1 5 10
<210> 7

<211> 4

<212> PRT

<213> Homo sapiens

<400> 7

Gly Ala Pro Leu

1

<210> 8

<211> 11

<212> PRT

<213> Artificial

<220>
<223> Peptide derivative

<220>

<221> MISC_FEATURE
<222> (2)..(2)
<223> Asp or Glu

<220>

<221> MISC_FEATURE
<222> (6)..(6)
<223> Asp or Glu

<220>

<221> MISC_FEATURE
<222> (10)..(10)
<223> Asp or Glu

<400> 8

Thr Xaa val Asn Gly Xaa Gly Arg His Xaa Leu
1 5 10
<210> 9

<211> 11

<212> PRT

<213> Artificial

<220>
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<223> Peptide derivative

<220>

<221> MISC_FEATURE
<222> (3)..(3
<223> Vval or Leu

<400> 9

Thr Asp Xaa Asn Gly Asp Gly Arg His Asp Leu
1 5 10

<210> 10
<211> 11
<212> PRT

<213> Artificial

<220>
<223> Peptide derivative

<220>

<221> MISC_FEATURE
222> 4)..4
<223> Asn or Gln

<400> 10

Thr Asp val Xaa Gly Asp Gly Arg His Asp Leu
1 5 10
<210> 11

<211> 11

<212> PRT

<213> Artificial

<220>
<223> Peptide derivative

<220>

<221> MISC_FEATURE
<222> (8)..(8)
<223> Arg or Lys

<400> 11

Thr Asp val Asn Gly Asp Gly Xaa His Asp Leu
1 5 10
<210> 12

<211> 12

<212> PRT

<213> Homo sapiens
<400> 12

Ser val Ser Arg Asn Arg Asp Ala Pro Glu Gly Gly
1 5 10

<210> 13
<211> 3
<212> PRT
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<213>
<400>

Homo sapiens

13

Gly Pro Arg
1

<210>
<211>
<212>
<213>

<400>

14

3

PRT

Homo sapiens

14

Gly His Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

15

4

PRT
Artificial

Peptide derivative

MISC_FEATURE
(2)..(2)

Pro or His

MISC_FEATURE
(4)..(4

Any amino acid

15

Gly Xaa Arg Xaa
1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

4

PRT
Artificial

Peptide derivative

16

Gly Pro Arg Pro
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>

17

8

PRT
Artificial

Peptide derivative
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<221> MISC_FEATURE
222> (Q)..(D
<223> Corresponds to zZ (at least one amino acid- preferably Leu or Pro)

<220>

<221> MISC_FEATURE

222> (2)..(2

<223> Corresponds to Y (any amino acid- preferably Asp or Ala)

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Corresponds to X (any amino acid- preferably Pro)

<400> 17

Xaa Xaa Xaa Arg Gly Pro Arg Pro
1 5

<210> 18

<211> 8

<212> PRT

<213> Artificial

<220>

<223> Peptide derivative

<400> 18

Leu val Pro Arg Gly Pro Arg Pro
1 5

<210> 19

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Peptide derivative

<400> 19

Ala Asp Pro Arg Gly Pro Arg Pro
1 5

<210> 20

<211> 8

<212> PRT

<213> Artificial

<220>

<223> Peptide derivative
<400> 20

Leu Asp Pro Arg Gly Pro Arg Pro
1 5

<210> 21

<211> 8

<212> PRT

<213> Artificial

<220>
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<223> Peptide derivative

<400> 21

Leu val Pro Arg Gly Pro Arg val
1 5

<210> 22

<211> 6

<212> PRT

<213> Artificial

<220>
<223> Spacer sequence

<400> 22
Gly Gly Gly Gly Gly Gly
1 5

<210> 23
<211> 5
<212> PRT

<213> Artificial

<220>
<223> Spacer sequence

<400> 23
Gly Gly Gly Gly Gly
1 5

<210> 24
<211> 11
<212> PRT

<213> Artificial

<220>
<223> Peptide derivative

<400> 24
Gly Pro Arg Pro Gly Gly Gly Gly Gly Gly Cys
1 5 10

<210> 25
<211> 15
<212> PRT

<213> Artificial

<220>
<223> Peptide derivative

<400> 25

Leu val Pro Arg Gly Pro Arg Pro Gly Gly Gly Gly Gly Gly Cys
1 5 10 15
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