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Use of tropoelastin for repair or restoration of tissue

Field of the invention

The present invention relates to tropoelastin and to tissue repair and restoration using

elastic materials.

Background of the invention

Elastin is an extracellular matrix protein that is primarily found in skin, blood vessels,
lung and other tissues and organs that require a degree of elasticity for function. It is
formed when lysine residues on tropoelastin molecules become cross-linked with lysine

residues on other tropoelastin molecules by lysyl oxidase.

Elastin is expected to be useful in medical applications including tissue repair and
restoration and in providing bio-compatible surfaces for medical devices having pre-
determined elasticity. In these applications, elastin is generally made by cross-linking
the side chains of lysine residues on recombinant tropoelastin molecules using reagents

that react with lysine and other charged residues such as glutaraldehyde.

One problem with elastin produced from recombinant tropoelastin is that the cross-
linking agents such as glutaraldehyde may be toxic or otherwise cause unwanted tissue
reactions or allergy in some individuals. Further, as the elastic properties of elastin tend
to be dependent on cross-linking of lysine side chains, there is a limit to the range of
elastic properties that elastin can provide. Also, the requirement for cross-linking
precludes the effective delivery via some standard administration routes, for example,
injection, because without special precaution, the cross-linking agent may cause the

elastin to form prior to delivery to the site at which elastin formation is intended.

There is a need for elastic materials that can be formed without use of a cross-linking

agent.

There is also a need for compositions that can be administered to tissue by injection to

form an elastic material at a site in connection with the site of injection.
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There is also a need for elastic materials having elastic qualities not found in elastin or

other proteins and bio-materials used for tissue repair, bulking and wound healing.

There is also a need for new formulations for sustained or controlled release of

pharmaceutical compounds and tissue factors and for new cell and tissue matrices.

Summary of the invention

The invention seeks to at least minimise one of the above limitations or problems and in
certain embodiments provides a process for producing an elastic material from
tropoelastin. The process includes the step of heating a solution of tropoelastin having

an alkaline pH to form an elastic material from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes heating a solution of tropoelastin having an alkaline
pH of at least about 7.5 and a salt concentration of at least about 25 mM to form an

elastic material from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes providing an alkaline pH to a solution of tropoelastin
having a temperature of about 37 °C to form an elastic material from the tropoelastin in

the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes providing an alkaline pH to a solution of tropoelastin
and allowing the temperature of the solution to increase to about 37 °C to form an

elastic material from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes adding tropoelastin to a solution having an alkaline
pH and a temperature of about 37 °C to form an elastic material from the tropoelastin in

the solution.
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In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes adding tropoelastin to a solution having an alkaline
pH and allowing the temperature of the solution to increase to about 37 °C to form an

elastic material from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes adjusting the salt concentration of a solution of
tropoelastin having an alkaline pH and a temperature of about 37 °C to form an elastic

material from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin. The process includes adjusting the salt concentration of a solution of
tropoelastin having an alkaline pH and allowing the temperature of the solution to
increase to about 37 °C to form an elastic material from the tropoelastin in the solution.

In another émbodiment there is provided a bulking agent for bulking a tissue or
correcting a tissue defect, the bulking agent being formed from an elastic material

produced by a process described above.

In another embodiment there is provided a sealant for a wound, the sealant being
formed from an elastic material produced by a process described above.

In another embodiment there is provided a prosthesis or medical device having an

elastic material being produced by a process described above.

In another embodiment there is provided a kit for forming an elastic material including a
first container including tropoelastin, a second container including a reagent to be added
to the tropoelastin to form an alkaline solution including the tropoelastin and written

instructions for forming an elastic material from the tropoelastin and the reagent.

In another embodiment there is provided a composition for forming an elastic material
including a solution of tropoelastin having an alkaline pH and a temperature selected to
prevent the formation of an elastic material from tropoelastin in the solution.
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In another embodiment there is provided an apparatus for forming an elastic material
from tropoelastin including a first chamber including a solution of tropoelastin; a second
chamber including a reagent for adjusting the pH of the solution of the first chamber;
dispensing means in use for dispensing the solution of the first chamber and the
reagent to form an admixture of the solution and the reagent, to form the elastic material

from tropoelastin in the admixture.

In another embodiment there is provided an apparatus for forming an elastic material
from tropoelastin including a first chamber including a solution of tropoelastin having an
alkaline pH; a second chamber including a solution for providing a salt concentration of
about 150mM or less to the solution of the first chamber; and dispensing means in use
for dispensing the solutions of the first chamber and second chambers to form an
admixture of the solutions, to form the elastic material from tropoelastin in the

admixture.

In another embodiment there is provided a sustained or controlled release implant the
implant being formed from an elastic material produced by a process described above.

In another embodiment there is provided a cell or tissue matrix, the cell or tissue matrix

being formed from an elastic material produced by a process described above.

In another embodiment there is provided a method of forming a purified solution of

tropoelastin including:
-providing a solution of tropoelastin;

-adjusting the pH of the solution to form a solution having alkaline pH, to cause the

tropoelastin in the solution to precipitate;
-removing the precipitate;

-adding the removed precipitate to a solution having a substantially non alkaline pH,
and/or a substantially lowered temperature, to cause the precipitate to disperse into the

solution, to form a purified solution of tropoelastin.
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In another embodiment there is provided a method of forming an elastic material from

solution of tropoelastin including:
- (1) providing a solution of tropoelastin;

- (2) adjusting the pH of the solution to form a solution having alkaline pH, to cause the
tropoelastin in the solution to precipitate;

- (3) removing the precipitate;

- (4) adding the removed precipitate to a solution having a substantially non alkaline pH,
and/or a substantially lowered temperature, to cause the precipitate to disperse into the

solution; and

- (5) allowing the temperature of the solution to increase to about 37 °C to form an

elastic material from the tropoelastin in the solution.

Brief Description of the Drawings

Figure 1: H&E stained slice collected from rat injection site 15 days post injection.

Figure 2: H&E stained slice of elastic material with embedded fibroblasts. Cells are

present in pores within elastic material.

Figure 3: SEM images showing sheet of fibroblast cells growing on top of elastic

material.

Detailed description of the embodiments

The inventors have found that a solution of tropoelastin can be made to form an elastic
material by adjusting the alkalinity, temperature or salt concentration of the solution. In
certain embodiments, the elastic material is formed by adjusting temperature and/or
alkalinity only. In other certain embodiments, the elastic material may have a salt

concentration of 0 mM.
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The elastic material that the inventors have developed is not the same as elastin
because it does not require cross-linking of tropoelastin molecules for its formation. In
contrast, elastin is formed when tropoelastin is cross-linked by lysyl oxidase or

glutaraldehyde or like agents.

One advantage is that the elastic material of the invention is generally more bio-
compatible because it does not contain chemical cross-linkers. It will be understood,
however, that the elastic material of the invention may be cross-linked with lysyl oxidase
or other chemical agents such as glutaraldehyde.

Another advantage is that the elastic material of this invention may be provided with
properties that cannot be found in elastin. These properties include the tensile and
extensile strength, recoil, compressibility, biodegradability and persistence, particularly
in a tissue or body cavity. Accordingly, with the invention, tropoelastin can be used to
provide devices, prostheses and tissue repair agents that have not been obtainable

using elastin.

A further advantage is that the formation of the elastic material can be controlled simply
by adjusting temperature, pH or salt. As demonstrated herein, this permits one to more
effectively form an elastic material in a tissue by an administration route such as

injection.

It will be understood that an “elastic material” refers to a material that can be formed
from tropoelastin without cross-linking amino acid residues of tropoelastin that are
otherwise cross-linked when elastin is naturally formed (for example by lysyl oxidase) or
when elastin is manufactured (for example by glutaraldehyde). Once formed, the elastic
material of the invention may be cross-linked with lysyl oxidase or other chemical

agents such as glutaraldehyde.
As discussed below an "elastic material” may also include other components.

Generally an "elastic material" is not a free-flowing liquid. It may be a gel, paste, solid,
or other phase that significantly lacks the properties of flow. Advantageously, according

to the invention, one can design or otherwise select the properties of the phase that is
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required by manipulating parameters of temperature, pH or salt during formation of the
elastic material, or otherwise by cross-linking the material with an agent capable of
cross-linking the cross-linkable amino acid side chains, where an example of such a

cross-linker is glutaraldehyde.

An "elastic material” generally returns to a particular shape or conformation after a force

such as compression or extension that has been applied to it has been withdrawn.

"Elastic material” is also referred to as a resiliently compressible and extendible,
mechanically durable, or pliable material of relatively low hysteresis. This material may
be referred to as stretchable, tensile, resilient or capable of recoil.

It is possible to visually observe the formation of an elastic material from a solution of
tropoelastin. The solution of tropoelastin is substantially clear. As the elastic material
forms, the solution decreases in clarity and becomes opaque due to a transitional
precipitate-like phase. The elastic material is substantially in solid form as mentioned
above and may have various appearances depending on its composition. The formation
of the elastic material may also be observed using any appropriate analytical technique

known in the art, such as monitoring for a change in temperature or transmission.

It will be understood that “tropoelastin” generally means a peptide that includes or
consists of a sequence that is the same as or similar to a hydrophilic domain of
tropoelastin. A hydrophilic domain has a sequence that is typically rich in lysine and
alanine residues. These domains often consist of stretches of lysine separated by 2 or 3
alanine residues such as AAAKAAKAA (SEQ ID NO: 1). Other hydrophilic domains do
not contain the poly-alanine tract, but have lysine near a proline instead. In contrast,
tropoelastin hydrophobic domains are rich in non-polar amino acids especially glycine,
valine, proline and alanine and often occur in repeats of 3 to 6 peptides such as GVGVP
(SEQ ID NO: 2), GGVP (SEQ ID NO: 3) and GVGVAP (SEQ ID NO: 4).

It is important that the peptide that is used to form the elastic material includes at least
part of the hydrophilic domain as this domain is believed to be important for causing the
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elastic material to form when alkalinity, temperature or salt concentration of the

tropoelastin solution is adjusted.

Examples of tropoelastin that could be used to form the elastic material of the invention
are those that consist of a hydrophilic domain or a homolog thereof, and those that
include a hydrophilic domain or homolog and part or all of a hydrophobic domain. Some

examples are set out below:

. GGVPGAIPGGVPGGVFYP (SEQ ID NO: 5), GVGLPGVYP (SEQ ID NO: 6),
GVPLGYP (SEQ ID NO: 7), PYTTGKLPYGYGP (SEQ ID NO: 8),
GGVAGAAGKAGYP (SEQ ID NO: 9), TYGVGAGGFP (SEQ ID NO: 10) ;

«  KPLKP (SEQ ID NO: 11), ADAAAAYKAAKA (SEQ ID NO: 12), GAGVKPGKYV
(SEQ ID NO: 13), GAGVKPGKV (SEQ ID NO: 14), TGAGVKPKA (SEQ ID NO:
15), QIKAPKL (SEQ ID NO: 16), AAAAAAAKAAAK (SEQ ID NO: 17),
AAAAAAAAAAKAAKYGAAAGLY (SEQ ID NO: 18), EAAAKAAAKAAKYGAR
(SEQ ID NO:' 19), EAQAAAAAKAAKYGVGT (SEQ ID NO: 20),
AAAAAKAAAKAAQFGLV (SEQ ID NO: 21),
GGVAAAAKSAAKVAAKAQLRAAAGLGAGI (SEQ ID  NO:  22),
GALAAAKAAKYGAAYV (SEQ ID NO: 23), AAAAAAAKAAAKAA (SEQ ID NO: 24),
, AAAAKAAKYGAA (SEQ ID NO: 25), CLGKACGRKRK (SEQ ID NO: 26).

"Tropoelastin” may have a sequence that is the same as the entry shown in GenBank
entry AAC98394. Other tropoelastin sequences including a hydrophilic domain are
known in the art, including, but not limited to, CAA33627 (Homo sapiens), P15502
(Homo sapiens), AAA42271 (Rattus norvegicus), AAA42272 (Rattus norvegicus),
AAA42268 (Rattus norvegicus), AAA42269 (Rattus norvegicus), AAA8B0155 (Mus
musculus), AAA49082 (Gallus gallus), P04985 (Bos taurus), ABF82224 (Danio rerio),
ABF82222 (Xenopus tropicalis), P11547 (Ovis aries).

"Tropoelastin" may also be a fragment of these sequences provided that the fragment
includes at least part of a hydrophilic domain as discussed above. An example is amino
acids 27 to 724 of AAC98394.
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Tropoelastin may also include a homolog of a peptide having a sequence such as
described above, in particular AAC98394, or be a homolog of a peptide having a
sequence such as described above, or be a fragment of a homolog of a peptide having
a sequence such as described above. Herein “homolog” refers to a protein having a
sequence that is not the same as, but that is similar to, a reference sequence. It also
has the same function as the reference sequence, for example, a capacity to form an
elastic material when a solution of the homolog is manipulated to adjust alkalinity,

temperature or salt concentration as discussed herein.

In certain embodiments the homolog has at least 60% homology to a peptide such as
described above, in particular AAC98394 or a fragment of a peptide such as described
above that includes at least part of a hydrophilic domain.

It will be understood that "tropoelastin” may be natural or recombinant.

Herein “elastin-like peptides” (ELP) refers to compounds formed by the polymerizing of
small amino acid sequences (typically less than 5 amino acids in length) isolated from
the hydrophobic regions of tropoelastin or elastin that are essential for coacervation of
the molecules. Some commonly used sequences include GVGVP (SEQ ID NO: 2),
GGVP (SEQ ID NO: 3), and GVGVAP (SEQ ID NO: 4).

The inventors have found that there exists a subset of temperature, alkalinity, and salt
concentration conditions within which a solution of tropoelastin can be made to form an
elastic material. While not wanting to be bound by hypothesis, it is believed that these
conditions influence an interaction between hydrophilic domains of tropoelastin
molecules that leads to formation of the elastic material. Hence the elastic material is
not the same as natural or artificial elastin that is formed by cross-linking of charged
amino acid side chains. Nor is it the same as the material that is formed by coacervation
of ELP.

Thus in one embodiment there is provided a process for producing an elastic material
from tropoelastin including heating a solution of tropoelastin having an alkaline pH to

form an elastic material from the tropoelastin in the solution.
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In other embodiments there is provided a process for producing an elastic material from
tropoelastin including providing an alkaline pH to a solution of tropoelastin having a
temperature of about 37 °C to form an elastic material from the tropoelastin in the

solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin including providing an alkaline pH to a solution of tropoelastin and allowing
the temperature of the solution to increase to about 37 °C to form an elastic material

from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin including adding tropoelastin to a solution having an alkaline pH and a
temperature of about 37 °C to form an elastic material from the tropoelastin in the .

solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin including adding tropoelastin to a solution having an alkaline pH and
allowing the temperature of the solution to increase to about 37 °C to form an elastic

material from the tropoelastin in the solution.

In other embodiments there is provided a process for producing an elastic material from
tropoelastin including adjusting the salt concentration of a solution of tropoelastin having
an alkaline pH and a temperaﬁlre of about 37 °C to form an elastic material from the

tropoelastin in the solution.

Generally a solution of tropoelastin concentration greater than about 1.5 mg/mL is
capable of forming an elastic material of desirable integrity although lesser
concentrations are also useful. In most applications the solution concentration is less
than about 300 mg/mL. Therefore, a solution of tropoelastin having a concentration
from about 1.5 mg/mL to about 300 mg/mL is preferable. More preferably, a solution of
tropoelastin having a concentration between about 10 mg/mL to about 300 mg/mL is
used. Most preferably, a solution of tropoelastin having a concentration of between

about 10 mg/mL to about 200 mg/mL is used.
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It has been determined that a pH of about pH 7.5 or more is sufficient to cahse an
elastic material to form from the tropoelastin in the solution. The pH is generally kept
from exceeding about pH 13 as above this the elastic material is less well formed. More
preferably a pH of between about pH 9 and pH 13 is desirable. However, most
preferably a pH of between about pH 10 and pH 11 is used. Other pH measures that
could be used include 8.0, 8.5, 9.5, 10, 10.5, and 11.5.

Alkalinity can be adjusted by a number of approaches including 1) directly adding a pH
increasing substance to a solution of tropoelastin, 2) by mixing a solution containing
sufficient amounts of a pH increasing substance to cause it to be alkaline with a solution
of tropoelastin. The pH increasing substance could be a base, buffer, proton adsorbent
material. Examples including Tris base, NHsOH and NaOH have been found to be

useful as pH increasing or controlling substances.

Where the pH is alkaline and less than about 9.5, salt may be required to form the
elastic material of the invention. Where salt is used, the concentration is generally more
than 25 mM and may be up to 200 mM. Preferably, the salt concentration is between
about 100 mM and 150 mM. More preferably, the salt concentration is about 150 mM. In
particular, the inventors have found that as pH decreases (and yet remains alkaline)
below pH 10, salt is required to cause formation of the elastic material and the amount
of salt required increases as pH decreases. So for example, at about pH 9 to 10, salt is
required, for example a salt concentration equivalent to about 60 mM should be
provided to the solution. In some embodiments, the solution is to have an osmolarity
equivalent to that of mammalian isotonic saline (150 mM) or less. In other
embodiments, the solution is to have an osmolarity greater than 150mM. The salt

concentration may also be 0 mM.

The salt concentration of the solution may be controlled by adding salt, including any
ionic compound, monovalent or divalent ions, or low molecular weight species capable
of affecting the osmolality of the solution. For instance, NaCl, KCI, MgSO4, Na;COs or
glucose may be used. A preferred salt is NaCl. ‘
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In another embodiment there is provided a method of forming an elastic material from

solution of tropoelastin including:
- (1) providing a solution of tropoelastin;

- (2) adjusting the pH of the solution to form a solution having alkaline pH, to cause the

tropoelastin in the solution to precipitate;
- (3) removing the precipi{ate;

- (4) adding the removed precipitate to a solution having a substantially non alkaline pH,
and/or a substantially lowered temperature, to cause the precipitate to disperse into the

solution; and

- (5) allowing the temperature of the solution to increase to about 37 °C to form an

elastic material from the tropoelastin in the solution.

In one embodiment the temperature of the solution is preferably between about 4 °C to
about 37 °C at step (2) and less than about 4 °C at step (4). Further, in one embodiment
the pH of the solution is preferably at least about pH 9 at step (2) and less than about
pH 9 at step (4). The pH may be as low as about pH 7.5 at step (4). Further still, in one
embodiment the salt concentration of the solution is preferably between about 0 mM
and 200 mM.

Thus, in other embodiments there is provided a process for producing an elastic
material from tropoelastin including heating a solution of tropoelastin having an alkaline
pH that is less than 10 and a salt concentration of 150 mM or less to form an elastic
material from the tropoelastin in the solution. These embodiments are particularly
preferable for in vivo applications since the pH of the solution of tropoelastin and the

elastic material is closer to mammalian pH.

In further embodiments there is provided a process for producing an elastic material

from tropoelastin including adjusting the salt concentration of a solution of tropoelastin
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having an alkaline pH and allowing the temperature of the solution to increase to about

37 °C to form an elastic material from the tropoelastin in the solution.

It has been determined that a temperature of around 37 °C is preferable to cause an
elastic material to form from the tropoelastin in the solution. However, in certain
embodiments a temperature of less than 37 °C may be used. Generally the temperature
is greater than 4 °C. It is generally less than 42 °C. The inventors have found that the
temperature required to form an elastic material is inversely related to the concentration
of tropoelastin in the solution of tropoelastin. That is, a solution with a low concentration
of tropoelastin will require a higher temperature to form an elastic material. The
inventors have also found that the pliability increases, and the integrity persists longer,

as a function of the time the tropoelastin solution is held at a certain temperature.

The solution may be heated by providing the solution in or on a mammalian tissue and
allowing the heat transfer from the tissue to increase the temperature of the solution, or

by irradiating the tissue.

Alternatively, the solution may be heated by contacting the solution with an inanimate
surface and heating the surface. The inanimate surface may be provided on a mold or
cast for providing the elastic material formed by the method with a pre-defined shape or

conformation, and may further be provided on a prosthesis, stent or like device.

Where heating of the solution is provided to trigger the formation of the elastic material
(i.e. where appropriate pH and/or salt conditions have been provided), the solution is
generally stored at temperatures below 30 °C, preferably about 4 °C, until it is required

for forming an elastic material.

It is preferable that the majority of tropoelastin initially in solution be used to form the

elastic material.

In certain embodiments the elastic material formed from a solution of tropoelastin by a
process described above may be cross-linked with an agent capable of cross-linking the
side chains of residues of tropoelastin such as lysine. As discussed herein, cross-linking
is not necessary for the formation of the elastic material and indeed this is a point of
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distinction between the elastic material of the invention and elastin. While not wishing to
be bound by theory, the inventors believe the elastic material forms at least in part due
to a combination of charge interactions including charged tyrosine, lysine and arginine
residues, as well as stabilizing hydrogen bonds. The inventors believe that dityrosine
may be formed. Importantly, these interactions occur in the absence of a cross-linking

agent.

However, in certain applications described below, it is useful to cross-link these side
chains when the elastic material has been formed as this provides further properties to
the elastic material. Specifically, in comparison to the elastic material formed in the
absence .of cross-linker, the use of a cross-linker such as glutaraldehyde gives an
elastic material that is stiffer, denser, tougher, and therefore likely more biostable in
vivo. The inventors suggest that this material may be preferable over the non-cross-
linked elastic material for more demanding tissue restoration applications or when
compliance with the surrounding natural tissue is non-essential. Of note, when
glutaraldehyde is added to an alkaline pH solution of tropoelastin, the inventors have
surprisingly found that a distinctive colour appears as the elastic material forms, which
may be clinically useful as a determinant of solid formation.

It is contemplated that any cross-linking agent that can be used to form elastin, whether
naturally or artificially, may be used. Examples include lysyl oxidase,

- transglutaminase,glutaraldehyde, genipin and amine-reactive cross-linkers such as

BS3. In one embodiment, the cross-linking agent is glutaraldehyde and is used at a

concentration of about 0.001 w/v% solution to about 0.5 w/v% solution.

The process of the invention and the elastic material formed from this are particularly
useful in tissue bulking applications, for example, applications where there is a need to
cosmetically enhance or improve appearance (for example, plumping of lips, filling -in of
nasolabial folds, reduction of wrinkles or other tissue enhancements), or medical
applications where there is a need to support a congenital defect, or defect caused by

disease or surgical resection.
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In more detail, as the formation of the elastic material can be controlled simply by
adjusting temperature, pH or salt, this permits one to form a bulking agent in situ by
injecting a tropoelastin solution having, or having had, an alkaline pH into a desired site
and allowing heat transfer from the tissue to cause the elastic material to form. Further,
the timing of the formation of the elastic material, and the elastic properties and
persistence of the material so formed can be adjusted by manipulating salt or pH, or by.
adding cross-linking agents after the elastic material has formed.

A maijor benefit is that the bulking agent can effectively be provided by using a fine
gauge needle. In this mode of administration, the viscosity of the tropoelastin solution
for forming the bulking agent can be controlled by manipulating one or more of
temperature, pH or salt concentration, or the incubation time at high pH prior to lowering

the pH in preparation for injection.

The tropoelastin solution can be injected either intra-dermally or subcutaneously, or
deeper in or below the dermis, or into other tissue, in order to provide a depot of elastic

material.

Accordingly, in one embodiment the invention provides a method for cosmetically
enhancing a tissue including injecting a solution containing tropoelastin into a tissue
requiring cosmetic enhancement to form an elastic material according to a process
described above in the tissue. The cosmetic enhancement may be to remove or reduce
skin wrinkles, to plump lips or otherwise to reduce or re-shape the appearance of a
tissue, tissue profile, or facial feature. The tropoelastin solution may be kept cool for
example about 4 °C before injection and warmed to body temperature by heat transfer
from the tissue. Alternatively, an external energy source may be used to irradiate the
tissue to increase the temperature of the tropoelastin solution to form the elastic

material in the tissue.

The tropoelastin solution can also be applied to the surface of a tissue to provide a

coverage or support by the elastic material.
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Accordingly, in another embodiment, the invention provides a method for supporting a
tissue or organ at a site of disease, trauma, surgical resection or other wound including
injecting or otherwise applying a solution containing tropoelastin in or about a tissue or
organ requiring support to form an elastic material according to a process described
above in or about the tissue or organ. In one example the solution of tropoelastin is
injected to form an elastic material that provides augmentation about the site of a
sphincter, such as would be required for bulking around the bladder sphincter as a form

of treatment of urinary incontinence.

In the above embodiments, the alkaline tropoelastin solution may be cooled, for
example to about 4 °C, before injection and then warmed to body temperature by heat
transfer from the tissue. Alternatively, an external energy source may be used to
irradiate the tissue to increase the temperature of the tropoelastin solution to form the

elastic material in the tissue.

It will be understood that the elastic material may be prepared externally according to a
process described above and then inserted into a tissue or tissue cavity.

For example, the tropoelastin solution may be cast into a mold and elastic material
formed according to a process described above in order to generate an appropriate
shape for subsequent implantation into a patient. An example is where surgical removal
of part of a patient's tissue leaves a cavity requiring filling with a biocompatible elastic
material. Under these conditions, the shape of the location that requires filling may be
assessed using known methods and an appropriate mold prepared based on this
assessment. The tropoelastin solution is then cast within the mold and an elastic
material formed according to a process described above for implantation within the

location requiring filling.

In another example, the tropoelastin solution may be formed into an elastic material
according to a process described above in the form of particles. For instance, the
particles may be formed using an emulsion, microfluidic, or other system as known in
the art for making particles. The particles may also be formed from a tropoelastin

solution of tropoelastin concentration lower than about 1.5 mg/mL. The particles may be
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substantially spherical and have a diameter ranging from 0.1 micrometers to 10
micrometers. The particles of elastic material can be delivered to the location requiring
treatment using high velocity delivery techniques known in the art.

One advantage of forming the elastic material from a tropoelastin solution according to
a process described above is that the elastic material can be made to form rapidly,
indeed more quickly than can be achieved when elastin is formed. This enables a
variety of intricate and complex shapes to be formed in a mold that cannot be formed by
elastin. A further advantage is that as the rate of formation of the elastic material from a
tropoelastin material can be controlled by manipulating temperature, pH and/or salt,
gases can be introduced in a controlled process to form bubbles and generate an open
sponge-like matrix. Alternatively, formation of bubbles can be avoided if desired.

Another approach to forming a tissue implant externally is the use of techniques

including laser based lithography, electrospraying and electrospinning.

The elastic material formed from a tropoelastin solution according to a process
described above is particularly useful for sealing wounds, or for adding support to newly
repaired wounds, in particular wounds where granulation tissue has been laid down but
substantial fibrosis that would otherwise give strength to the healed wound has not
occurred. Examples of these wounds include surgical wounds, or wounds caused by
trauma, such as laceration, abrasion, puncture, or burns or other defects. The wounds
may be located dermally, sub-cutaneously, in deep tissue or in an organ requiring at

least some elasticity for function.

The elastic material formed from the solution of tropoelastin according to a process
described above is useful in circumstances in which fibrin sealants and surgical glues
are conventionally used. One example is where an anastomosis requires effective
sealing to reduce fluid loss. Another example is where there is a need to rapidly stem

blood flow, or to prevent invasion by micro-organisms.

There are a number of routes of administration. These include spraying, wiping,

pouring, pasting or contacting a tropoelastin solution onto the wound to cause the
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elastic material to form according to a process described above, in and/or on the

surface of the wound.

Thus in one embodiment there is provided a method for sealing a tissue wound
including spraying, pasting, pouring, wiping or contacting a solution of tropoelastin
against a tissue wound to cause an elastic material to form according to a process

described above.

In these embodiments, the solution of tropoelastin can be supplemented with other
compounds, proteins and factors to facilitate, modulate or enhance sealing of a wound.

As noted above, one advantage of forming the elastic material from a tropoelastin
solution according to a process described above is that the elastic material can be
made to form rapidly, indeed more quickly than can be achieved when elastin is formed.
Accordingly, it is envisaged that it would be possible to obtain rapid sealing of a wound.
Further, the fact that manipulation of temperature, pH and/or salt affects the rate of
formation of the elastic material means that the rate of sealing of a wound can be

controlled more effectively.

Further to the tissue support and bulking agents described above, the elastic material
formed from a tropoelastin solution according to a process described above is
particularly useful for the manufacture of prostheses and medical devices. Examples
include grafts or stents for holding open biological structures such as vessels and
chambers. Other examples include bands for assisting biological structures with recoil.

A further application is to provide a biocompatible coating to an otherwise biologically
incompatible medical device (such as a pacemaker or cochlear implant) that is elastic,
resilient and capable of persisting at a tissue site. In these embodiments, the elastic

material is particularly important for avoiding fibrosis.

The fact that the elastic material can be made to form rapidly, indeed more quickly than
can be achieved when elastin is formed, means that a thin evenly surface coating can
be applied to a medical device, providing biocompatibility without interfering with
performance of the device.
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In other embodiments there are provided kits and compositions useful for forming an
elastic material using a tropoelastin solution according to a method described above. In
one form, a kit includes a first container including tropoelastin, a second container
including a reagent for providing an alkaline solution, and written instructions for forming

an elastic material using the tropoelastin and the reagent.

In one embodiment there is providéd a composition for forming an elastic material
including a solution of tropoelastin having an alkaline pH and a temperature selected to -
prevent the formation of an elastic material from tropoelastin in the solution. The
composition may include salt, particularly where the pH of the solution is less than pH
10, as discussed above. In certain forms, the composition may be provided in a
powdered form which in use is to be hydrated to provide a solution of tropoelastin. On

heating, the elastic material is formed from the tropoelastin in the solution.

Depending on the use to which the kits and compositions are to be put (for example, for
tissue bulking, wound sealing or other applications described herein), the kits and
compositions may also be provided with further molecules. For example, other
connective tissue molecules may be provided in formulation with, or for formulation with,
tropoelastin. Examples include collagen, elastin, keratin, fibrin, glycosaminoglycans
such as hyaluronan and heparin sulfate, chondroitins and like molecules. Artificial forms

of these molecules may also be provided, for examples, ELPs.

In other forms, pharmaceutical compounds, including antibiotics, growth promoters,
antiseptics, angiogenic compounds, anti-cancer agents, and the like, may be provided

for formulation with, or in formulation with, tropoelastin.

Further forms may provide biological factors such as tissue factors, cytokines, growth
factors and the like. Particularly preferred are those factors involved in wound healing,

fibrosis and granulation.

Other forms may provide cells, in particular, cells that are involved in wound healing.
Examples include epithelial cells, fibrocytes, fibroblasts, keratinocyte precursors,
keratinocytes, myofibroblasts, phagocytes and the like.
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In another embodiment there is provided an apparatus or device for forming an elastic
material from tropoelastin including a first chamber including a solution of tropoelastin; a
second chamber including a reagent for adjusting the pH of the solution of the first
chamber; dispensing means for dispensing the solution of the first chamber and the
reagent of the second chamber to form an admixture of the solution and the reagent, to

form the elastic material from tropoelastin in the admixture.

In another embodiment there is provided an apparatus for forming an elastic material
from tropoelastin including a first chamber including a solution of tropoelastin having an
alkaline pH; a second chamber including a solution for providing a salt concentration of
about 150mM or less to the solution of the first chamber; and dispensing means for
dispensing the solutions of the first and second chambers to form an admixture of the

solutions, to form the elastic material from tropoelastin in the admixture.

These apparatuses may be used to apply the tropoelastin solution for formation of an
elastic product according to a process described above by spraying, pasting, smearing
or injecting the solution to a desired tissue site or to an inanimate surface such as a
mold. For example, the apparatus may be adapted to be connectable to a fine gauge
hee_dle. In another form the apparatus may be adapted to be connectable to an

atomiser.

It will be understood that the apparatus may contain other molecules, compounds,
factors and cells as described above in the first or second chamber, or in a further

chamber of the apparatus.

The inventors have discovered that a precursor or intermediate form of the elastic
material of the invention can be generated which may be returned to solution form when
the pH, salt concentration, or temperature are appropriately manipulated. In more detail,
the inventors have found that when the pH of a tropoelastin containing solution is
adjusted to above about pH 9 at temperatures more than about 4 °C, preferably about
37 °C, a precipitate is formed that can then be separated from solution. When the pH is
then lowered to non-alkaline conditions and/or the temperature is lowered, it is possible
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to cause the precipitate to disassociate and disperse. The dispersed precipitate

contains at least some free tropoelastin.

This discovery is expected to be particularly useful in the purification of tropoelastin from

recombinant expression systems.

In another embodiment there is provided a method of forming a purified solution of
tropoelastin including:

- providing a solution of tropoelastin;

- adjusting the pH of the solution to form a solution having alkaline pH, to cause the
tropoelastin in the solution to precipitate; ‘

- removing the precipitate;

- adding the removed precipitate to a solution having a substantially non alkaline pH,
and/or a substantially lowered temperature, to cause the precipitate to disperse into the

solution, to form a purified solution of tropoelastin.

One particularly important application of the elastic material formed from a tropoelastin
solution according to a method described above is to provide a mechanism for
sustained or controlled release of a compound. More specifically, by manipulating the
pH or salt during formation of the material, or by cross-linking the material with
glutaraldehyde or other cross-linking agents after the material is formed, it is possible to
design or select an elastic material that has particular persistence qualities. For
example, the inventors have found that cross-linked forms of the elastic material tend to
be stiffer, denser and more robust than non cross-linked forms. The latter tend to more
closely resemble naturally occurring elastin. Some forms tend to be more easily
degraded in tissue, hence providing a quicker burst release of a pharmaceutical or like
molecule seeded within the elastic material. Other forms are more persistent, less
readily degraded and provide a longer term of release of a pharmaceutical or like

molecule.
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Thus in one embodiment there is provided a sustained or controlled release implant, the
implant being an elastic material that is formed from a solution of tropoelastin according
to a process described above. The sustained release implant may contain molecules,

compounds, factors and cells as described above.

As discussed above, as the rate of formation of the elastic material from a tropoelastin
solution can be controlled by manipulating temperature, pH and/or salt, gases may be
introduced in a controlled process to form bubbles and generate an elastic material
having an open sponge-like matrix. This provides a particularly useful scaffold or matrix
for seeding cells, tissues and factors for enabling tissue regeneration and wound repair.

Examples of suitable cells and factors are discussed above.

Advantageously, the porosity of the elastic material can be controlled, enabling a
structure to be formed through which regenerating tissue can penetrate. Alternatively, a
structure can be formed having pores which are sufficient to allow the diffusion of

molecules and factors into and out of the elastic material only.

Thus in another embodiment there is provided a cell or tissue matrix, the cell or tissue

matrix being formed from an elastic material produced by a process described above.

 Examples

Example 1 Formation of elastic material in the absence of cross-linking agent

Tropoelastin is preferably mixed at a concentration of more than 1.5 mg/mL, typically
10-200 mg/mL in phosphate buffered saline and the solution is adjusted using 1M
NaOH to a pH of between about pH 9 to about pH 13, preferably pH 11. The solution is
then warmed above 4 °C preferably to about 37 °C. A soft paste-like entity is formed

which then sets to form the elastic material.
Example 2 Formation of elastic material at lower alkaline pH ranges with salt

Tropoelastin was dissolved in an aqueous solution at a concentration of 10 mg/mL. The
salt concentration and pH of the aqueous solution were titrated between 0 — 150 mM



10

15

20

25

WO 2008/058323 PCT/AU2007/001738

23

and pH 7 - 12, respectively. The temperature of the tropoelastin solution was raised to
37 °C and the ability to form an elastic material assessed visually and tactilely. - Any
elastic material thus formed was tested for its persistence upon cooling.

Two transition points were seen as the pH decreased. Above a pH of 10, there was no
need for salt within the solution in order to form a persistent elastic material from the
tropoelastin in the solution. However, as the pH decreased below 10, a salt
concentration of approximately 60 mM was needed in order to form a persistent elastic
material from the tropoelastin in the solution.

Example 3 Elastic material formation in presence of cross-linker

A solution of tropoelastin is mixed at a concentration of more than 1.5 mg/mL, typically
10-200 mg/mL with glutaraldehyde (0.001-0.5 % w/v) in phosphate buffered saline at an
alkaline pH of approximately 8.5 and warmed to form an elastic material. The material
has a pinkish colour and a higher density and stiffness than elastic material formed

according to Examples 1 and 2.
Example 4 Purification of tropoelastin

A crude tropoelastin containing supernatant obtained from a bacterial expression
system was adjusted to give a pH between 9 and 13, preferably 11, to precipitate
tropoelastin molecules from the solution to form a precipitate. The precipitate was
separated from the supernatant and resuspended in a buffer having a non alkaline pH
and a lower temperature to cause the precipitate to disperse to form a solution in the
buffer. The solution was then stored under refrigeration conditions.

Example 5 Elastic material formation in vivo

A single bolus dose (0.1ml) of pH adjusted 200mg/ml tropoelastin solution was injected
intradermally using a 26-gauge needle into a healthy female Sprague Dawley rat. The
body temperature of the rat led to the rapid onset of heat induced elastic material
formation. The animal was observed over a period of 15 days and then examined
histologically. A substantial amorphous material was present in the hypodermis
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including the loose connective tissue beneath the cutaneous muscle (Figure 1). The
presence of a persistent elastic material in this large deposit was confirmed by
immunohistostaining with BA-4 elastin-specific antibody.

Example 6 Elastic material with incorporated drugs

Elastic material was made by adjusting pH to 10.8, incubating at 37 °C for 1 hr, cooling
then readjusting pH to 7.4. Particles of the drug paclitaxel were embedded in the
sample. On warming to 37 °C the sample set to give an elastic material that contained
distributed particles of the drug. H1299 lung cancer cells were seeded on and around
the prepared elastic material. A control elastic material sample contained no paclitaxel.
Cells seeded on elastic material containing paclitaxel were observed to be apoptotic.
Cells invaded the control samples. Control samples and elastic material that contained

paclitaxel but did not contact cells were not apoptotic.
Example 7 Elastic material and cell interaction

Fibroblast cells were incorporated into (Figure 2), or seeded on top of (Figure 3), elastic

material.
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CLAIMS

1. A process for producing an elastic material from tropoelastin including heating a
solution of tropoelastin having an alkaline pH to form an elastic material from the

tropoelastin in the solution.

2. The process of claim 1, wherein the alkaline pH is greater than about 7.5.
3. The process of claim 1, wherein the alkaline pH is greater than about 9.
4. The process of any one of the preceding claims, wherein the temperature is

greater than about 4 °C.

5. The process of any one of the preceding claims, wherein the temperature is
about 37 °C.
5. The process of any one of the preceding claims, wherein the solution of

tropoelastin has a salt concentration of less than about 200 mM.

6. The process of claim 1, wherein the salt concentration is greater than about 60
mM and the pH is less than about 10.

7. The process of ény one of the preceding claims, wherein the tropoelastin is present in
the solution at a concentration of greater than about 1.5 mg/mL.

8. The process of any one of the preceding claims, wherein the tropoelastin is present in

the solution at a concentration of between about 10 mg/mL and 200 mg/mL.

9. The process of any one of the preceding claims, wherein the tropoelastin includes a

sequence that is the same as or similar to a hydrophilic domain of tropoelastin.

10. The process of any one of the preceding claims, wherein the tropoelastin consists of

a sequence that is the same as or similar to a hydrophilic domain of tropoelastin.
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11. The process of any one of the preceding claims, wherein the elastic material
further includes a component selected from the group consisting of pharmaceuticals,

biological cells, biological factors, and biological molecules.

12.  An elastic material for use in medical applications, wherein the elastic material is

5 formed according to the process of any one of the preceding claims.

13.  The elastic material of claim 12, in which the medical application is selected from

the group consisting of bulking a tissue, correcting a tissue defect, and sealing a wound.

14.  The elastic material of any one of claims 12 or 13, in which the elastic material is
a product selected from the group consisting of a prosthesis or medical device, a

10 sustained or controlled release implant, a cell or tissue matrix.
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