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(7) ABSTRACT

A method and medicament for promoting wound healing in
a subject is disclosed. The medicament comprises an effec-
tive amount of an agent comprising one or more of; (i) an
activated protein C (APC), (ii) a functional fragment of an
APC, (iii) an APC mimetic compound, and (iv) protein C.
Delivery systems including gels, sponges, gauzes and
meshes incorporating the agent for topical administration are
also described.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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TREATMENT AND COMPOSITION FOR WOUND
HEALING

FIELD OF THE INVENTION

[0001] The present invention relates to the field of medi-
cine and, more particularly, to wound healing and methods
and compositions for promoting wound healing. In a par-
ticular application of the present invention, activated protein
C (APC) is administered to a slow healing wound by, for
example, topical application.

BACKGROUND TO THE INVENTION

[0002] Wounds are internal or external bodily injuries or
lesions caused by physical means, such as mechanical,
chemical, viral, bacterial, or thermal means, which disrupt
the normal continuity of structures. Such bodily injuries
include contusions, wounds in which the skin is unbroken,
incisions, wounds in which the skin is broken by a cutting
instrument, lacerations, and wounds in which the skin is
broken by a dull or blunt instrument. Wounds may be caused
by accidents or by surgical procedures.

[0003] The healing of wounds is a complex process
involving a number of stages. These include; 1) coagulation,
which begins immediately after injury; 2) inflammation,
which begins a few minutes later; 3) a migratory and
proliferative process (granulation stage), which begins
within hours to days; and 4) a remodelling process with
subsequent development of full strength skin (1-3).

[0004] Coagulation and Inflammation

[0005] Coagulation controls haemostasis and initiates
healing by releasing a variety of growth factors and cytok-
ines from degranulated platelets. During the inflammation
phase, platelet aggregation and dotting form a matrix which
traps plasma proteins and blood cells to induce the influx of
various types of cells. Neutrophils are the first cells to arrive
and function to phagocytise contaminating bacteria, digest
the fibrin clot and release mediators to attract macrophages
and activate fibroblasts and keratinocytes (3). Macrophages
digest pathogens, debride the wound and secrete cytokines/
growth factors (eg interleukin-1(IL-1), epidermal growth
factor (EGF), vascular endothelial growth factor (VEGF),
transforming growth factor-f(TGF-f), and basic fibroblast
growth factor (bFGF)) that stimulate fibroblasts and endot-
helial cells. Overall, the inflammatory stage is important to
guard against infection and promote the migratory and
proliferative stages of wound healing.

[0006] Granulation and Remodeline of the Extracellular
Matrix

[0007] These stages include cellular migration and prolif-
eration. Although lymphocytes and macrophages are
involved, the predominant cell types are epithelial, fibroblast
and endothelial. Within hours of an injury, an epidermal
covering, comprised mainly of keratinocytes, begins to
migrate and cover the epidermis, a process known as re-
epithelialisation. When they completely cover the wound
they differentiate and stratify to form a new epidermis with
a basal lamnina. Angiogenesis (ie the formation of new
blood vessels) occurs during this stage and provides nutri-
ents for the developing tissue to survive. Fibroblasts migrate
into the wound site and produce collagen and proteoglycans
which ultimately give the wound tensile strength. As the
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remodelling phase progresses, granulation tissue is replaced
by a network of collagen and elastin fibers leading to the
formation of scar tissue.

[0008] Failed Wound Healing

[0009] Impaired dermal wound healing and/or dermal
ulcers occur in patients with peripheral arterial occlusive
disease, deep vein thrombosis, diabetes, pressure sores and
burns (4). Despite intense investigation, the molecular
mechanisms associated with impaired wound healing are
poorly understood.

[0010] Wound healing is affected by numerous factors,
including local factors (eg growth factors, edema, ischemia,
infection, arterial insufficiency, venous insufficiency or neu-
ropathy), systemic factors (eg inadequate perfusion and
metabolic disease) and other miscellaneous factors, such as
nutritional state, exposure to radiation therapy and smoking.

[0011] Leucocytes, particularly neutrophils, and macroph-
ages persist in the surrounding tissue and secrete a range of
proteases, including matrix metalloproteinases (MMPs) and
serine proteases (5). Excessive accumulation of these
enzymes interferes with the matrix remodelling (6). It is
thought that agents which inhibit proteases will benefit
wound healing (7). Another feature of some chronic wounds
is the reduction or absence of angiogenesis, which prevents
nutrients from accessing the newly formed tissue (8).

[0012] Existing Technologies to Improve Wound Healing

[0013] Chronic wounds are initially managed by treatment
comprising eschar debridement, antibiotic treatment where
appropriate, and regular dressing (2). Other dressings, such
as hydrogels, hydrocolloids, or alginates, may also be used.
Venous ulceration is treated by compression therapy,
whereas arterial or diabetic ulcers require regular changes of
dressings. Pressure sores are encouraged to heal by the relief
of pressure at the injury site. Some other physical devices
such as laser treatment, hyperbaric oxygen and electrical
stimulation for arterial ulcers, are also used to promote
wound healing (2, 9, 10).

[0014] For wounds that are unresponsive to such interven-
tions, the use of tissue-engineered skin, such as Dermagraft
or Apligraf, is an option. This therapy acts to prevent
bacterial infection and allows the wound the chance to heal
by normal reparative processes (11, 12). The use of such skin
replacements to accelerate wound healing depends on the
availability of an existing vascular supply in the existing
wound.

[0015] Another approach to wound healing involves the
administration of growth factors/cytokines, which have been
shown to accelerate cell proliferation in vitro and/or to
promote wound healing in some animal models. These
include IL-1, platelet-derived growth factor (PDGF), EGF,
VEGF, TGF-f, and bFGF (2). Procuren (Curative Technolo-
gies), an autologous platelet releasate, contains at least five
growth factors, that aid in the formation of granulation tissue
and re-epithelialisation. This autologous growth factor mnix
has achieved some success in human subjects with ulcerated
limb lesions (13). However, on the whole, results from most
clinical trials using growth factors/cytokines have been
disappointing. For example, EGF failed to heal venous stasis
uleers and IL-1 failed to treat pressure sores effectively (2).
Similar results were reported using bFGF (14). The reason
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for the lack of efficacy is not certain, but may relate to the
multifactorial effects, some undesirable for healing, of
growth factors/cytokines.

[0016] Thus, there is an ongoing need to identify and
develop new agents for the promotion of wound healing.

[0017] Activated protein C (APC) is a serine protease
having a molecular weight of about 56 kD that plays a
central role in physiological anticoagulation. The inactive
precursor, protein C, is a vitamin K-dependent glycoprotein
synthesised by the liver and endothelium and is found in
plasma. Activation of protein C occurs on the endothelial
cell surface and is triggered by a complex formed between
thrombin and thrombomodulin (15,16). Another endothelial
specific membrane protein, endothelial protein C receptor
(EPCR), has been shown to accelerate this reaction more
than 1000-fold (17). Endothelial APC functions as an anti-
coagulant by binding to the co-factor, protein S, on the
endothelial surface, which inactivates the clotting factors
Factor VIIIa and Factor Va. The importance of APC as an
anticoagulant is reflected by the findings that deficiencies in
this molecule result in familial disorders of thrombosis (18).

[0018] Recently, it has also been reported that APC addi-
tionally acts as an anti-inflammatory agent and directly
activates the protease, gelatinase A (17, 20). Gelatinase A is
secreted by many different cell types, including smooth
muscle cells, fibroblasts and endothelial cells. By degrading
the coilagens present in the basement membrane (21) and
allowing cells to invade the stroma, gelatinase A plays an
important role in physiological remodelling and angiogen-
esis (22). Gelatinase A also plays an important role in
numerous diseases, such as promoting the invasion of thy-
mic epithelial tumors (23), promoting the destruction of the
joint in arthritis by cleaving collagen from the cartilage
matrix (24) and contributing to cardiac mechanical dysfunc-
tion during reperfusion after ischemia (25). In addition to its
ability to degrade the matrix, gelatinase A can also target
other substrates. For example, it cleaves big endothelin-1 to
yield a potent vasoconstrictor, implicating gelatinase A as a
regulator of vascular reactivity (26). Gelatinase A release
can also mediate platelet aggregation (27).

[0019] Further, and as is demonstrated in the examples
provided hereinafter, APC is also able to promote regenera-
tion of endothelial cells after wounding in vitro, stimulate
re-epithelialisation fibroblast invasion and angiogenesis in a
chicken embryo and enhance wound healing in a rat wound-
ing model. These functions when taken together with the
abovementioned anticoagulating, anti-inflammatory and
Gelatinase A-activating functions, strongly indicate that
APC, functional fragments thereof, and the precursor of
APC (ie protein C) is/are useful for the treatment of wounds
and, particularly, slow-healing wounds.

SUMMARY OF THE INVENTION

[0020] Thus, in a first aspect, the present invention pro-
vides a method for promoting wound healing in a subject,
said method comprising administering to said subject an
effective amount of an agent comprising one or more of;

[0021] (i) an APC,
[0022] (i) a functional fragment of an APC,
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[0023] (iii) an APC mimetic compound, and
[0024] (iv) protein C,

[0025] optionally in admixture with a pharmaceutically-
acceptable carrier.

[0026] In a second aspect, the present invention provides
a medicament for promoting wound healing in a subject,
said medicament comprising an amount of an agent com-
prising one or more of;

[0027] (i) an APC,

[0028] (ii) a functional fragment of an APC,
[0029] (iii) an APC mimetic compound, and
[0030] (iv) protein C,

[0031] in admixture with a pharmaceutically-acceptable
carrier.

[0032] In a third aspect, the present invention provides a
delivery system (eg a gel, sponge, gauze or mesh) incorpo-
rating an amount of an agent comprising one or more of;

[0033] (i) an APC,

[0034] (ii) a functional fragment of an APC,
[0035] (iii) an APC mimetic compound, and
[0036] (iv) protein C,

[0037] said delivery system being suitable for applica-
tion to a wound and thereafter promoting wound heal-
ing.

[0038] In a fourth aspect, the present invention provides
the use of an agent comprising one or more of;

[0039] (i) an APC,

[0040] (ii) a functional fragment of an APC,

[0041] (iii) an APC mimetic compound, and
[0042]

[0043] for the preparation of a medicament for promot-
ing wound healing in a subject.

[0044] In a fifth aspect, the present invention provides the
use of an agent comprising one or more of;

[0045] (i) an APC,

[0046] (ii) a functional fragment of an APC,
[0047] (iii) an APC mimetic compound, and
[0048] (iv) protein C,

[0049] for the preparation of a delivery system, said
delivery system being suitable for application to a
wound and thereafter promoting wound healing.

0 (iv) protein C,

DETAILED DISCLOSURE OF THE INVENTION

[0050] The APC and/or protein C utilised in the present
invention may be obtained by purification from a suitable
source (eg blood taken from humans or other animals) or
produced by standard recombinant DNA techniques such as
is described in, for example, Maniatis, T. et al., Molecular
Cloning: a laboratory manual, Second Edition, Cold Spring
Harbor Laboratory Press. Recombinant APC or protein C
may incorporate modifications (eg amino acid substitutions,
deletions, and additions of heterologous amino add
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sequences), which may, for example, enhance biological
activity or expression of the respective protein. However,
preferably, the present invention utilises human APC and/or
protein C. The APC and/or protein C may also be glycosy-
lated by methods well known in the art and which may
comprise enzymatic and non-enzymatic means.

[0051] Suitable functional fragments of an APC may be
produced by cleaving purified natural APC or recombinant
APC with well known proteases such as trypsin and the like,
or more preferably, by recombinant DNA techniques or
peptide/polypeptide synthesis. Such functional fragments
may be identified by generating candidate fragments and
assessing biological activity by, for example, assaying for
activation of MMP-2, promotion of repair of a wounded
endothelial monolayer and/or angiogenesis in chicken
embryo chorio-alantoic membrane (CAM) in a manner
similar to that described in the examples provided herein.
Preferably, functional fragments will be of 5 to 100 amino
acids in length, more preferably, of 10 to 30 amino acids in
length. The functional fragments may be linear or circu-
larised and may include modifications of the amino add
sequence of the native APC sequence from whence they are
derived (eg amino acid substitutions, deletions, and addi-
tions of heterologous amino acid sequences). The functional
fragments may also be glycosylated by methods well known
in the art and which may comprise enzymatic and non-
enzymatic means.

[0052] Suitable APC mimetic compounds (ie compounds
which mimic the function of APC) may be designed using
any of the methods well known in the art for designing
mimetics of peptides based upon peptide sequences in the
absence of secondary and tertiary structural information
(28). For example, peptide mimetic compounds may be
produced by modifying amino acid side chains to increase
the hydrophobicity of defined regions of the peptide (eg
substituting hydrogens with methyl groups on aromatic
residues of the peptides), substituting amino acid side chains
with non-amino acid side chains (eg substituting aromatic
residues of the peptides with other aryl groups), and substi-
tuting amino- and/or carboxy-termini with various substitu-
ents (eg substituting aliphatic groups to increase hydropho-
bicity). Alternatively, the mimetic compounds may be
so-called peptoids (ie non-peptides) which include modifi-
cation of the peptide backbone (ie by introducing amide
bond surrogates by, for example, replacing the nitrogen
atoms in the backbone with carbon atoms), or include
N-substituted glycine residues, one or more D-amino acids
(in place of L-amino acid(s)) and/or one or more o-amino
acids (in place of f-amino acids or y-amino acids). Further
mimetic compound alternatives include “retro-inverso pep-
tides” where the peptide bonds are reversed and D-amino
acids assembled in reverse order to the order of the .-amino
acids in the peptide sequence upon which they are based,
and other non-peptide frameworks such as steroids, saccha-
rides, benzazepinel,3,4-trisubstituted pyrrolidinone, pyri-
dones and pyridopyrazines. Suitable mimetic compounds
may also be designed/identified by structural modelling/
determnination, by screening of natural products, the pro-
duction of phage display libraries (29), minimised proteins
(30), SELEX (Aptamer) selection (31), combinatorial librar-
ies and focussed combinatorial libraries, virtual screening/
database searching (32), and rational drug design techniques
well known in the art (33).
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[0053] The present invention is suitable for promoting
wound healing generally, but is particularly suitable for
application to the promotion of slow-healing wounds, oth-
erwise known as “chronic wounds”, “impaired-healing
wounds” or “ulcers”, and may be of any of the wound types
discussed above. However, preferably, the present invention
is applied to wounds selected from the group consisting of;

[0054] (i) dermal ulcers such as those associated with
pressure, vasculitis, arterial and venous diseases (eg in
patients suffering from diabetes, in aged patients, asso-
ciated with venous insufficiency and cerebrovascular
incidents, and resulting from pressure sores or localised
areas of tissue damage resulting from direct pressure on
the skin or from shearing forces and friction),

[0055] (ii) burns,
[0056] (iii) oral wounds (eg caused by gingivitis),

[0057] (iv) eye wounds (eg corneal wounds resulting
from injury, surgery or laser therapy),

[0058] (v) non-cutaneous wounds (eg stomach/oesoph-
ageal ulcers, vaginal ulcers and internal injury or sur-
gery (including plastic surgery),

[0059] (vi) ischemia-reperfusion injury (eg resulting
from myocardial infarction),

[0060] (vii) bone and cartilage damage as occurs in
musculoskeletal disorders such as rheumatoid arthritis
and osteoarthritis, and

[0061] (viii) warfarin-related skin necrosis.

[0062] The agent may be one or a mixture of any or all of
the group consisting of an APC, a functional fragment of an
APC, an APC mimetic compound, and a protein C.

[0063] The agent is preferably administered to a subject
after a sufficient period of time since wounding has elapsed
such that the coagulation/inflammation stages of the wound
healing process have substantially concluded. In practice, it
is preferable that administration of the agent occur within 1
to 48 hours after wounding, more preferably within 1 to 1
hours after wounding.

[0064] The agent may be administered to a subject through
oral or systemic routes or by direct application (e.g. topical
administration) to the wound as a medicament formulation,
or as incorporated into a delivery system (eg gelatin sponge
such as Gelfoam, fine gauze, nylon mesh, or an adhesive
plastic strips such as a Band-aid™) which is applied to the
wound.

[0065] The effective amount of the agent may be expected
to vary depending upon the type, site and seriousness of the
wound to be treated. It would be well within the skill of
persons skilled in the art to adjust the amount appropriately
to obtain optimal results. It is, however, expected that
generally the effective amount of the agent will be in the
range of 0.01 to 10000 ug per kg of body weight, more
preferably between 0.1 and 1000 ug per kg of body weight,
and most preferably between about 1 and 200 ug per kg of
body weight.

[0066] Medicaments according to the present invention
preferably include an amount of the agent in the range of
0.01 to 1000 ug per g of medicament, in admixture with a
pharmaceutically-acceptable carrier (eg gelatin and/or col-
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lagen for cream or gel medicaments; isotonic saline, a
phosphate buffered solution or the like for drops; or mate-
rials such as starch, gelatin, agar, sugar, carboxymethylcel-
lulose, polyvinylalcohol, magnesium stearate, and sodiu-
malginate for dry powders). For use with non-cutaneous
wounds and ischemnia-reperfusion injury, the medicaments
of the present invention may be formulated for oral or
systemic administration.

[0067] Medicaments and delivery systems (ie gels,
sponges, gauzes and meshes) according to the present inven-
tion, may contain one or more other active compounds or
substances such as other molecules involved in the protein
C pathway (eg protein S, EPCR, factor V/Va or factor
VIII/VIIIa); antimicrobial agents such as chlorhexidine,
povidine-iodine and ciprofloxacin; anticoagulants such as
heparin or antithrombin III; steroids such as dexamethasone;
inhibitors of inflammation; cardiovascular drugs such as
calcium channel blockers; cytokines/growth factors such as
epidermal growth factor; local anaesthetics such as bupiv-
acaine; antitumor drugs such as taxol; polyclonal, mono-
clonal or chimeric antibodies, or functional derivatives or
fragments thereof such as antibodies to regulate cell prolif-
eration.

[0068] Further, where the medicaments and delivery sys-
tems according to the present invention utilise protein C, the
medicaments and delivery systems may also include a
suitable amount of an agent for activating the protein C (eg
thrombin, kallikrein and/or thrombomodulin).

[0069] Throughout this specification the word “comprise”,
or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but
not the exclusion of any other element, integer or step, or
group of elements, integers or steps.

[0070] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in the
present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the
prior art base or were common general knowledge in the
field relevant to the present invention as it existed in
Australia or elsewhere before the priority date of each claim
of this application.

[0071] The invention will hereinafter be further described
by way of the following non-limiting examples and accom-
panying figures.

BRIEF DESCRIPTION OF ACCOMPANYING
FIGURES

[0072] FIG. 1 shows the effect of APC on repair of a
“wounded” foreskin endothelial (FSE) cell monolayer in
culture. Cell monolayers were scraped with a pipette tip,
washed and covered with medium containing various
amounts of APC, PMA or no treatment. The cells were
incubated at 37 degrees C. for 24 hr before being measured
for wound closure as described in the example. Results
shown represent the number of cells migrating into the
wound (mean=SD) per selected unit of area of duplicate
wounds. Similar results were obtained in two separate
experiments.

[0073] FIG. 2 shows the effect of APC on chicken embryo
chorio-allantoic membrane (CAM). Chicken embryos were
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cracked into a sterile weigh boat on day 1. On day 4, gelatin
sponges were treated with 5 ug APC in phosphate buffered
saline (PBS) or PBS alone and then placed on top of the
CAM. On day 9, the embryos were fixed in Bouin’s fluid,
sectioned perpendicular to the top surface of the CAM,
stained with Masson’s stain and viewed under light micros-
copy. APC-treated CAM showing complete re-epithelialisa-
tion over sponge (thin arrows) (A) and many new blood
vessels (thick arrows) and fibroblast infiltration (hatched
arrows) (B). In the PBS-treated sponges there is no epithelial
regrowth (thick arrows) and negligible invasion of cells into
the sponge (C,D).

[0074] FIG. 3 shows the effect of APC on a rat wound
healing model. Sprague-Dawley rats were wounded and
then treated with A) saline or B) 20 ug APC and photo-
graphed after 4 days. C) Summary of results using 2 rats
(total 8 wounds) each treated with saline or 20 ug APC.
Results shown are mean +/-S.D of wound area (mm?) after
40 hr, 4 days and 7 days.

[0075] FIG. 4 shows the effect of different doses APC on
arat wound healing model. Normal rats were wounded using
an 8 mm punch biopsy and immediately treated with O ug
(Control, 3 rats, 12 wounds), 10 ug (3 rats, 12 wounds), 40
ug (4 rats, 16 wounds), 70 ug (3 rats, 12 wounds) or 100 uk
(3 rats, 12 wounds) of APC. Wound size was measured by
image analysis after 1, 3, 5, 7 and 9 days and results shown
are mean +/-S.D of wound area (mm?) after 1,2, 3, 4, 5,
7 and 9 days.

[0076] FIG. 5 shows the effect of APC on a rat wound
healing model. Normal rats were wounded using an 8 mm
punch biopsy and not treated (Control, 2 rats, 7 wounds) or
treated twice with APC (40 ug APC immediately after
wounding followed by a second treatment of 40 ug APC
after 1 day) (3 rats, 11 wounds). Wound size was measured
by image analysis and results shown are mean +/-S.D of
wound area (mm?) after 1, 2, 3,4, 5, 7 and 9 days

[0077] FIG. 6 shows the effect of APC on a diabetic rat
wound healing model. Streptozotocin-induced diabetic rats
were wounded using an 8 mm punch biopsy and immedi-
ately treated with 20 ug APC (2 rats, 7 wounds) or no test
agent (Control; 1 rat, 4 wounds). Wound closure was
assessed visually and after 1, 2, 3, 4, 5, 7 and 9 days. There
was a significant difference in the rate of wound healing
(slope of the regression lines) between the control and
APC-treated rats, with the latter healing faster (p<0.01).

EXAMPLE 1
[0078] APC Promotion of Endothelial Wound Repair

[0079] Activated protein C (APC) was tested for its ability
to promote repair of endothelial wounding using a modifi-
cation of an in vitro assay, as described previously (19).
Briefly, confluent microvascular endothelial cells (FSE)
from neonatal foreskins were cultured for 5 days in 24-well
culture plates in growth medium (Biorich plus 50 ug/ml
heparin, 50 ug/ml endothelial cell growth supplement and
5% human serum). The endothelial monolayers were
wounded by a single stroke across the diameter of the well
with a pipette tip. The media and dislodged cells were then
aspirated, and the plates rinsed with Hanks buffer. Fresh
growth medium was added to the plates along with APC at
various concentrations or the potent tumour-promoting
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angiogenic factor, phorbol myristate acetate (PMA) (10
ng/ml) and the cells were incubated at 37 degrees C. After
24 hr, the width of the wound was visualised microscopi-
cally and results at different doses of APC were quantified
using image analysis and a dose-response curve was gener-
ated (FIG. 1). Cells cultured in the presence of 75 nM APC
achieved almost complete wound closure within 24 hours,
and showed more than twice the migratory response than did
cells without APC. At 100 nM there was no further increase.
APC (75 nM) had approximately the same activity as PMA.

EXAMPLE 2

[0080] APC Promotion of Angiogenesis

[0081] In view of the ability of APC to activate gelatinase
A and promote endothelial wounding, APC was investigated
as to whether it could promote angiogenesis. APC was added
to the chicken embryo chorio-allantoic membrane (CAM)
assay using gelatin sponges (Gelfoam). Sponges were cut to
approximately 2 mmx2 mm. Five ug APC in phosphate
buffered saline (PBS) or PBS alone was added to gelatin
sponges which were subsequently placed on the 9 day old
CAM, as previously described (34). The CAMs were
inspected daily and on day 14 were photographed and fixed
for histological sectioning. Macroscopically, on day 14, the
APC-treated gelatin sponges were surrounded by blood
vessels that grew radially inwards towards the sponge in a
“spoke-wheel” pattern (data not shown). In contrast, gelatin
sponges treated with PBS had no surrounding vascular
formation. Histological sections showed that APC-treated
sponges were infiltrated with many new blood vessels
(angiogenesis) (FIG. 2). In addition, there was a large
migration of fibroblasts into the APC-treated sponges. There
was also marked proliferation of the epithelial layer, with the
ectoderm completely growing over the gelatin sponge. Asso-
ciated with this re-epithelialisation was stratification and
involution at the periphery of the sponge. The endoderm also
demonstrated stratification with villous formation in some
sections and the presence of cells being shed from the villi
(not shown). In contrast to the APC-treated sponges, there
was little evidence of any re-epithelialisation, endothelial
cell or fibroblast infiltration in the PBS control sponges.

EXAMPLE 3

[0082] APC Promotion of Wound Healing

[0083] In view of APC’s ability to stimulate endothelial
migration and enhance re-epithelialisation, fibroblast inva-
sion and angiogenesis, APC was examined for a capacity to
improve wound healing in a rat model. Sprague-Dawley rats
were anaesthetised and four full-thickness wounds were
excised, using a 8 mm punch biopsy, on the back of the rat,
exposing the underlying dorsolateral skeletal muscle fascia.
Hemostasis was achieved by even compression with sterile
gauze. APC was diluted in isotonic, sterile, pyrogen-free
saline solution and each excision was treated with a 50 ul
topical application of sterile, pyrogen-free saline solution or
saline containing 20 ug APC. The wounds were left open
with no dressing and rats caged one per cage. Wound closure
was assessed visually and after 40 hr, 4 days and 7 days. At
each timepoint the wounds were digitally photographed
using a Nikon Coolpix 950, with a distance calibration scale
in the frame. The area of the wound was calculated by image
analysis (Scion Image). After 40 hr there was a marked
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visual improvement in the wound closure in APC-treated
wounds compared to controls. On day 4 image analysis
results revealed a significant reduction in wound size of
APC-treated wounds compared to controls (FIG. 3). This
difference was maintained on day 7 (FIG. 3¢, **p<0.01,
**+p<0.001).

EXAMPLE 4

[0084] APC Promotion of Wound Healing

[0085] APC was further examined for a capacity to
improve wound healing in a rat model. Sprague-Dawley rats
were anaesthetised and four full-thickness wounds were
excised, using a 8 mm punch biopsy, on the back of the rat,
exposing the underlying dorsolateral skeletal muscle fascia.
Hemostasis was achieved by even compression with sterile
gauze. APC was diluted in isotonic, sterile, pyrogen-free
saline solution and each excision was immediately treated
with a 50 ul topical application of sterile, pyrogen-free saline
solution or saline containing the following: 0 g APC (Con-
trol, 3 rats, 12 wounds), 10 g APC (3 rats, 12 wounds), 40
ug APC (4 rats, 16 wounds ), 70 ug APC (3 rats, 12 wounds)
or 100 ug APC (3 rats, 12 wounds). The wounds were left
open with no dressing and rats caged one per cage. Wound
size was measured by image analysis after 1, 3,5, 7 and 9
days. At each timepoint, the wounds were digitally photo-
graphed using a Nikon Coolpix 995. The area of the wound
was calculated by image analysis (Scion Image). Results are
shown in FIG. 4. After 1 day, there was a significant
reduction in the size of the wounds treated with 10 or 40 ug
APC. There was no difference between the controls and rats
treated with 70 or 100 ug APC. The significant reduction in
wound size was most notable with 40 ug APC and seen on
days 1, 3, 7 and 9.(**p<0.01, * p<0.05, Student’s t-test,
using CoStat).

EXAMPLE 5

[0086] APC Promotion of Wound Healing

[0087] APC was further examined for a capacity to
improve wound healing in a rat model. Sprague-Dawley rats
were wounded as described in Example 4. APC was diluted
in isotonic, sterile, pyrogen-free saline solution and each
excision was treated with a 50 ul topical application of
sterile, pyrogen-free saline solution or saline containing 40
ug APC. After 48 hr, wounds were treated with a second
application of 40 ug APC. The wounds were left open with
no dressing and rats caged one per cage. Wound closure was
assessed visually and after 1,2, 3,4, 5, 7 and 9 days. At each
timepoint, the wounds were digitally photographed using a
Nikon Coolpix 995. The area of the wound was calculated
by image analysis (Scion Image). Results are shown in FIG.
5. There was a significant difference in the size of the
wounds after 1 day, with APC-treated rats healing faster than
controls (p<0.01). This difference was also observed at days
2, 3 and 7 (**p<0.01, *p<0.05, Studentzz’s t-test, using
CoStat).

EXAMPLE 6

[0088] APC Promotion of Wound Healing in Diabetic
Rats

[0089] APC was examined for a capacity to improve
wound healing in a diabetic rat model. The diabetic model
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was selected because it is a well-described model for slow
wound healing (35). Diabetes was induced in Sprague-
Dawley rats using the standard procedure of an IP injection
of streptozotocin. After 1 week the blood glucose levels of
the rats were >20 mM, indicative of diabetes. Diabetic rats
were wounded using an 8 mm punch biopsy, as described
above in Example 4, and immediately treated with 20 ug
APC (2 rats, 7 wounds) or no test agent (Control, 1 rat, 4
wounds). The wounds were left open with no dressing and
rats caged one per cage. Wound closure was assessed
visually and after 1, 2, 3, 4, 5, 7 and 9 days. At each
timepoint, the wounds were digitally photographed using a
Nikon Coolpix 995. The area of the wound was calculated
by image analysis (Scion Image). Results are shown in FIG.
6. There was a significant difference in the rate of wound
healing (slope of the regression lines) between the control
and APC-treated rats, with the latter healing faster (p<0.01).

[0090] Conclusion

[0091] The ability of APC to repair endothelial wounding
promote re-epithelialisation, fibroblast infiltration and
angiogenesis, as well as accelerate wound healing in the rat,
indicates that it will be an effective wound healing agent.
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[0128] It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects as illustrative and not
restrictive.

1. A method for promoting wound healing in a subject,
said method comprising administering to said subject an
effective amount of an agent comprising one or more of;

(i) an activated protein C (APC),
(ii) a functional fragment of an APC,
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(iii) an APC mimetic compound, and
(iv) protein C,

optionally in admixture with a pharraceutically-accept-

able carrier.

2. The method of claim 1, wherein the agent is APC.

3. The method of claim 2, wherein the agent is human
APC.

4. The method of claim 1, wherein the agent is protein C.

5. The method of claim 4, wherein the agent is human
protein C.

6. The method of any one of claims 1, 4 and 5, wherein
the protein C is administered with an activator for protein C.

7. The method of claim 6, wherein the activator is selected
from the group consisting of thrombin, kalikrein and/or
thrombomodulin.

8. The method of claim 1, wherein the agent is a func-
tional fragment of APC.

9. The method of claim 1, wherein the agent is an APC
mimetic compound.

10. The method of any one of claims 1 to 9, wherein the
agent is administered to said subject within 1 to 10 hours of
wounding.

11. The method of any one of claims 1 to 10, wherein the
wound for which wound healing is to be promoted is
selected from the group consisting of dermal ulcers, burns,
oral wounds, eye wounds, non-cutaneous wounds, ischemia-
reperfusion injury, bone and cartilage damage and warfarin-
related skin necrosis.

12. The method of claim 11, wherein the wound for which
wound healing is to be promoted is a dermal ulcer.

13. The method of any one of claims 1 to 12, wherein the
agent is administered topically.

14. The method of any one of claims 1 to 13, wherein the
effective amount of the agent is in the range of 0.1 to 1000ug
per kg of body weight.

15. The method of claim 14, wherein the effective amount
of the agent is in the range of 0.1 to 10 ug per kg of body
weight.

16. A medicament for promoting wound healing in a
subject, said medicament comprising an amount of an agent
comprising one or more of;

(i) an activated protein C (APC),

(i) a functional fragment of an APC,
(iii) an APC mimetic compound, and
(iv) protein C,

in admixture with a pharmaceutically-acceptable carrier.

17. The medicament of claim 16, wherein the agent is
human APC.

18. The medicament of claim 16, wherein agent is human
protein C.

19. The medicament of claim 16 or 18, further comprising
an activator for the protein C.

20. The medicament of claim 19, wherein the activator is
selected from the group consisting of thrombin, kallikrein
and/or thrombomodulin.

21. The medicament of any one of claims 16 to 20,
wherein the medicament is for treatment of a wound selected
from the group consisting of dermal ulcers, burns, oral
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wounds, eye wounds, non-cutaneous wounds, ischemia-
reperfusion injury, bone and cartilage damage and warfarin-
related skin necrosis.

22. The medicament of claim 21, wherein the medicament
is for treatment of a dermal ulcer.

23. The medicament of any one of claims 16 to 22,
wherein the medicament is for topical administration.

24. Adelivery system incorporating an amount of an agent
comprising one or more of;

(i) an activated protein C (APC),

(ii) a functional fragment of an APC,
(iii) an APC mimetic compound, and
(iv) protein C,

said delivery system being suitable for application to a

wound and thereafter promoting wound healing.

25. The delivery system of claim 24, wherein the agent is
human APC.

26. The delivery system of claim 24, wherein the agent is
human protein C.

27. The delivery system of claim 24 or 26, further
comprising an activator for the protein C.

28. The delivery system of claim 27, wherein the activator
is selected from the group consisting of thrombin, kallikrein
and/or thrombomodulin.

29. The delivery system of any one of claims 24 to 28,
wherein the delivery system is a gel, sponge, gauze or mesh.

30. The use of an agent comprising one or more of;

(i) an activated protein C (APC),

(ii) a functional fragment of an APC,
(iii) an APC mimetic compound, and
(iv) protein C,

for the preparation of a medicament for promoting wound
healing in a subject.
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31. The use of claim 30, wherein the agent is human APC.

32. The use of claim 30, wherein the agent is human
protein C.

33. The use of claim 32, wherein the medicament further
comprises an activator for the protein C.

34. The use of claim 33, wherein the activator is selected
from the group consisting of thrombin, kallikrein and/or
thrombomodulin.

35. The use of any one of claims 30 to 34, wherein the
medicament is for treatment of a wound selected from the
group consisting of dermal ulcers, burns, oral wounds, eye
wounds, non-cutaneous wounds, ischemia-reperfusion
injury, bone and cartilage damage and warfarin-related skin
Necrosis.

36. The use of claim 35, wherein the medicament is for
treatment of a dermal ulcer.

37. The use of any one of claims 30 to 36, wherein the
medicament is for topical administration.

38. The use of an agent comprising one or more of;

(i) an activated protein C (APC),

(i) a functional fragment of an APC,
(iii) an APC mimetic compound, and
(iv) protein C,

for the preparation of a delivery system, said delivery
system being suitable for application to a wound and
thereafter promoting wound healing.

39. The use of claim 38, wherein the agent is human APC.

40. The use of claim 38, wherein the agent is human
protein C.

41. The use of claim 40, wherein the delivery system
further comprises an activator for the protein C.

42. The use of claim 40, wherein the activator is selected
from the group consisting of thrombin, kallikrein and/or
thrombomodulin.

43. The use of any one of claims 38 to 42, wherein the
delivery system is a gel, sponge, gauze or mesh.
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