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Treatment for intimal hyperplasia and related conditions

FIELD OF THE INVENTION

This invention relates to methods and compositions for the prevention of invasion of cells
inio materials implanted into the body. In particular it rclates to the prevention of faiture
of blood vessel grafis as a result of restenosis caused by intimal hyperplasia and
accclerated atherosclerosis, and to the prevention of occlusion of implaats or prostheses

caused by intimal hyperplasia.
BACKGROUND OF THE INVENTION

Atherosclerosis is the most commeon form of vascular disease, and leads to insufficient
blood supply to critical body organs, resulting in heart attack, stroke, and kidney failure.
Athcrosclerosis :ilso causes major complications in tobacco smokers and in people
suffering from hypertension, metabolic syndrome or diabetes. Atherosclerosis is a form of
chronic vascular injury in which some of the normal vascular smooth muscle cells
("VSMC") in the artery wall, which ordinarily control the vascular tone which reguiates
blood flow, change their nature and develop cancer-like behaviour. These VEMC become
abnormally proliferative, and secrctc subsiances such as growth factors, tissue degradation
enzymes and other proteins, which enable them to invade and spread into the inner vessel
lining, blocking blood flow and making that vesscl abnormally susceptible to being
completely blocked by local blood clotting, ultimately resulting in the death of the lissue
served by that attery.

Vein bypass grafting is the most common method of vascular reconstruction to treat
obstructive arterial lesions, Autologous vein grafts remain the only surgical alternative for
many types of vascular reconstruction, but the failure tatc of these grafls after 1 year
approaches 20%, with the failure rate of aorta~-coronary and poripheral vein grafts reaching
10% to 40% after 1 year and 50% Lo 60% after 10 years. The development of neointima or
arteriosclerosis in the grafted vesscl oflen leads to obliterative stenosis. The hallmarks of
neointimnal lesions are mononuclear cell infiltration, smooth muscle coll proliferation, and
extracellular matrix deposition. The pathogenesis of this disease remains poorly

undcrstood, and no successful clinical interventions have been identified.
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In patients with angiographic evidence of occlusive disease zfter vein grafling,
atherosclerotic lesions within the graft have been demonstrated histologically as early as 6
to 12 months afier surgery. The structural changes in venous bypass grails result from the
development of a rapidly progressive and structurally distinet form of atherosclerosis,
which is generally known as accclerated atherosclerosis and is morphologically differcnt
from native atherosclerosis. Vein graft atherosclerotic lesions are more diffuse, concentric,
and friable, with a poorly develoﬁed or absent fibrous cap, whereas native vessel
atheromata are proximal, focal eccentrie, and non—fn'ablé, with a well-developed fibrous
cap. Accelerated atherosclerotic lesions also centain more foam cells, with varying
degrees of lipid accumulation and macrophage/mononuclear and inflammatory cell

infiltration, thun native atherosclcrotic lesions.

Restenosis, the recurrence of stenosis or artery stricture after corrective surgery, is an
accelerated form of atherosclerosis. Recent evidence has supported a unitying hypothesis
of vascular injury, in which coronary artery reslenosis, coronary vein grafi and cardiac
allograft atherosclerosis can be considered to represent a much-accelerated form of the
same pathogenic process which results in spontaneous atherosclerasis (Ip et . (1990) J
Am Coll Cardiol 15: 1667-1687; Muller e/ al. (1992).7 Am Coll Cardiol 19: 418-432).

It has been suggested that restenosis is due to a complex series of fibroproliferative
responses to vascular injury, involving potent growth-regnlatory molecules, including
platelet-derived growth factor (PDGF) and basic fibroblast growth factor (bFGF) which are
also common to the later stages in atherosclerotic lesions, resulting in vascular smooth

muscle cell proliferation, migration and neointimal accumulation.

Restenosis oceurs after coronary artery bypass surgery, endarterectomy, and heart
transplantation, and particularly after cardiac balloon angioplasty, atherceclomy, laser
ablation or endovascular stenting, in each of which one-third of paticnts redevelop
restenosis by 6 months after surgery, and is responsible for recurrence of symptoms or
death. Repeat revascularization surgery is oticn r.equired. Dcspite over a decads of .
research and significant improvements in the primary success rate of the various medical
and surgical treatments of atherosclerotic diseasc, including angioplasty, bypass grafting
and endartcrectomy, secondary failure duc to late restenosis continues to occur in 30-50%

of patients.
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Vascular stenosis is also a major limitation of long-term success of organ transplants,
eventually resulting in ischemic graft failure. Although the pathagenocsis of this
phencmenon, known as allografi-acceierated transplant sclerosis is not completely
understood, it does involve endoihelial damage, mononuclear cell infiltration, smooth
muscle cell proliferation, and deposition of matrix protein in the intima. Several mousc
models for this syndrome are available (Xu (2004) American Journal of Pathology 165(1):
1-10).

The development of early intimal thickening as a result of intimal hyperplasia (IH) and
accelerated atherosclerosis is believed to be the result of an inflammatory reaction in the
vein graft wall, initiated by mechanical damage during surgery, cyclic stretching and a
higher shear stress in the arterial circulation. Both of thesc phenomena may contribute to

eventual graft failure.

Intimal hyperplasia, also known as neointimal hyperplasta, is the abnormal migration and
proliferation of vascular smooth muscle cells in the intimal layer of blood vessels, with

associated deposition of extracellular connective tissue matrix,

One of the first phenomena to oceur in this remodelling process is chemotaxis, followed by
adhesion and migration of inflatnmatory cells, predominantly monocytes, into the intima of
the vein graft wall. These cells are the source of pro-inflammatory cytokines and growth
factors, which are potent stimuli for smooth muscle cell migration and foam cell
accumulation. The accumulation of smooth muscle cells and foam cells in the intima of

the vein graft results in a thickened vessel wall and a reduced luminal diameter.

Drug-coated or drug-eluting stents which incorporate agents such as taxol, picrolimus,
rapamyein and the like have been widely used to try to overcome the problem of
reocclusion of stents by the ingrowth of cells from the iutimal layer of the host artery
(Bhargava ef al. (2003) British Medical Journal 327: 274-279). Although thesc drug-
eluting stents have met with some success, they primarily inhibil invasion of VSMCs.

They do not address the overall problem of intimal hyperplasia.

Pexeluzimab (Alexion Pharmaceuticals, Inc.), a humanised monocional single-chain
antibody fragment directed against C5, has been tested as an adjunctive therapy to

thrombolytic agents or primary percutaneous transluminal coronary angioplasty (PCA) in
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paticnts suffering from acute myocardial infarctions. No benefit was observed for
pexeluzimab in conjunction with thrombolytics, and although there was a reduction in
morlality in the PFCA group, there was no reduction in infarct size (Granger et al. (2003)
Circulation 108: 1184-1190; Shernan ez al. (2004) Ann. Thorac. Surg, 77: 942-949). In
another study on paticnts undergoing coronary artery bypass grafis (Verrier ef al. (2004)
JAMA 201: 2319-2327), pexeluzimab did not reduce the risk of death or myocardial
infarction in pati'ents undergoing bypass grafts only, but did reduce some risk in patients
undergoing grafts with or without valve surgery. However, o our kﬁow}edge it has not
been suggested that either pexeluzimab or eculizamab (another anti-C5 antibody produced

by Alexion) might be useful in inhibition of intimal hyperplasia.

There is a need for a successful chemotherapeutic therapy to reduce ot prevent vascular
blockage. The most effective way (o prevent this diseasc is at the cellular level, as
opposed to repeated revascularization surgery, which can carry a significant risk of

complications or death, consumes time and moncy, and is inconvenient to the patient.
SUMMARY OF THE INVENTION

Inhibition of the chemotactic and cell activation processes involved in intimal hyperplasia
could polentially result in reduced inflammatory cell adhesion, influx and activation, and
ultimately in reduced vein graft thickening and stent restenosis. A variety of growth
factors, such as platelet-derived growth factor (PDGF) and chemokines, and other targets
such as certain G-protein coupled receptors, have been implicated in the actiology of

intimal hyperplasia, but the mechanism of this condition is still not understood.

C5a, onc of the biologically active components of the complement cascade, is a potent
chemotactic protein. The complement cascade is an important part of the immunc gystem,
and consists of a group of circulating proteins and several membranc-bound regulatory
enzymes. Activation of the complement cascadc leads to the cleavage of complement
component C3, which in turn resulls in the formation of biologically active cnd-products,

inciuding C5a.

C5a cxerts its function via the C5a receptor (C5aR) and is chemotactic for numerous cell _
types, including monocytes, T-and B-lytnphocytes, and neutrophils. C5a has becn shown

to be important in several inflammatory processes, such as sepsis, bronchial asthma and
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ischemia/reperfusion injury. However, the role, if any, of C5a in vascular inflammatory
processes such as atherosclerosis and post-interventional vessel remodslling in situations
such as post-angiuplasty restenosis and vern graft thickening is still not fully understood,

and hitherto there have not been any specific studies on this point,

We hypothesized that CSa plays a pro-inflammatory, prostenotic role in vein graft disease,
and that interference in C5a function should lead to a reduction in intimal hyperplasia and
a decreascd number of macrophage-derived foam cells in the intimal hyperplasia. We
provide herc, for the first time, evidence that C5a plays a functional rolc in the
development of vein graft thickening, and that blockade of C5a is a potential target for

therapy in ordet {o overcome vein grafl failure and stent restenosis.

In a first aspect, the invention provides a method of prevention or treatment of intimal

hyperplasia in blood vessel walls, comprising the step of administering a therapcutically
1 g P p

offective amount of an inhibitor of C5a function to a mammal.

In a second aspoct, the invention provides a method of inhibiting the development of blood
vessel gratt thickening, comprising the step of administering a therapeutically effective

amount of an inhibitor of CSa function to a mammal,

In 1 third aspect, the invention provides a method of inhibiting the devclopment of stent
reslenosis, comprising the step of administering a therapeutically effective amount of an

inhibilor of C5a function to a mammal into which a stent has been implanted.

.

In a fourth aspect, the invention provides a method of preventing or treating stenosis,
restenosis or unwanted proliferation, migration or hypertrophy of cells in blood vessel
walls or other anatomical structures of a mammal, comprising the step of admiunistering a

therapeutically effective amount of an inhibitor of C5a function to the mammat.

The stenosis, restenosis or unwanted proliferation, migration or hypertrophy of cells in
blood vessel walls or other anatomical structurcs of a marmmal may be a result of one of
the following list of conditions; atherosclerosis, chronic obstructive pulmonary disorder,
transplantation, vascular graft, venous surgery, artcrial surgery, bypass graft failure, plastic
surgery, tissue grafling, tumours, macular degeneration, neovascularisation, aberrant

wound repair, endometriosis, vasculitis, defective revascularisation following thrombosis,
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prosthetic surgery, scarring, aneurysm surgery/repair, lymphatic surgery/repair, spinal
injury/surgery/repair, endothelial tumowrs, cheloids, granulomas, haemangiomas,

treatment/repati of pust inrombotic disorders, angioplasty and reconstruction procedures.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the structures of preferred cyclic peptide CSa receptor antagonists for use

in the invention.

Figure 2 illustrates the detection of C5 in venous bypass grafts by immmunohistochemistry
al different times after surgery. Dircctly after surgery, C5 is seen in adhering leucocytes.
The highest amounts of C5 are seen 7 days after surgery, and at later time-points C5
remains present predominantly in endothelial cells, foam cells and adventitial fibroblasts

(magnification 150-400x).

Figure 3 shows the expression of C5a receptor mRNA in vein grafts as detested by semi-
'quanlitativc R7-PCR, compared with basal expression in caval veins (n=4 per time point).
Very stall amounts of C5a receptor mRNA are bresant in caval veins. An up-regulation
of C5a receptor mRNA is seen after interposition of the graft, with peak expression 7 days

after surgery, after which the level of expression returns (o normal.

Figure 4 shows the effect of application of C5a to vein grafis in hypercholesterolacmic

mice (n=8 per group).

Pancl A: Representative cross-sections of vein grafly exposed to cither 20% Pluronic gel
alone, 20% Pluronic gel containing 0.5pg recombinant C5a protein or 20% Pluronic gel

containing Spg recombinant C5a protein.

Panel B: A dosc-dependent increase in intimal hyperplasia was seen it the CSa-treated
mice (0.5pg: p=0.1, Sug: p=0.002; arrows indicate intimal hyperplasia; magnification
200x).

Figure 5 illustrales the clfect of application of C5a to vein grafs on the foam cell

contribution to intimal hypetplasia.

Panel A: Increased exposure to C5a results in a significant increase in foam cell

contribution to intimal hyperplasia, as assessed with immunohistochemistry using anti-
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macrophage antibodics (0.5pg: p=0.1, Spg: p<0.001; magni fication 200x).

[+9

Panel B: Quantitative asscssment of increase in foam eslls, expresse

arca.

Figure 6 shows the effect of treatment of vein grafts with the C5a receptor antagonists HC
and Acf.

Panel A: Representative cross-sections ot control and treated vein gralts 28 days after
surgery; a decrease in intimal hyperplasia is secn in the groups treated with either AcF or
HC at a dose of 0.3mg/kp/day (haematoxylin-phloxine-saffron staining, magnification
200x). '

Panel B: Quantification of intimal hyperplasia surface, expressed in mm?, in control and
treated vein grafts 28 days after surgery (n=7 per ;g,roup; *represents p<0.,05); CSa receptor
antagonist treatment results in a decrease in intimal hyperplasia in the vein grafi 28 days

alter surgory.

Panel C: Quantification of macrophages-derived foam cells contribution in intimal
hyperplasia by immunohistochemistry, expresscd as percentage of total intimal hyperplasia
surface; treatment with CSa receptor antagonists results in a decrease in foam ccll content

in the vessel wall (n=7 per group, *represents p<(.03).
DETAILED DESCRIPTION OF THE INVENTION

In a first aspeel, the invention provides a method of prevention or treatment of intirnal
hyperplasia in blood vessel walls, comprising the step of administering a therapeutically

effective amount of an inhibitor of C5a function to a mammal,

In one embodiment the marmal is the reeipient of a blood vessel graft or prosthesis. The
graft may be a venous or arterial graft. In another embodiment, the mammal is the

recipicnt of an orgun transplant such as a hearl, heart-lung or kidney transplant.

In a second aspeet, the invention provides a method of inhibiting the development of blood
vessel graft thickening, comprising the step of administering a therapeutically effective

amount of an inhibitor of C3a function to 1 manumal.

PCT/AU2007/001008
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The grafl may be a venous or arterial grait.

In a third aspect, the invention provides a method of inhibiting the development of steat
restenosis, comprising the step of adminisiering a therapculically effective amount of an

inhibitor of C5a function to a mammal into which a stent has been implanted.

In a fourth aspect, the invention provides a method of preventing or treating stenosis,
restenosis or unwanted proliferation, migration or hypertrophy of cclls in blood vessel
walls or other anatornical structures of a mammal, comprising the step of administering a

therapeutically effective amount of an inhibitor of CSa function to the mammal.

The stenosis, restenosis or unwanted proliferation, migration or hypertrophy of cells in
blood vessel walls or other anatomical structures of a mammal may be a result of one of
the following list of conditions; atherosclerosis, chronic obstructive pulmonary disorder,
iransplantation, vascular graft, venous surgery; arlenal surgery, bypass grafl failure, plastic
surgery, tissue grafting, tumours, macular degeneration, neovascularisation, aberrant
wound repair, endometriosis, vasculitis, defective revascularisation following thrombosis,
prosthelic surgery, scatting, aneurysm surgery/repair, lymphatic surgery/repair, spinal
injury/surgery/repair, endothelial iumours, cheloids, granulomas, hacmangiomas,

tréabment/repair of post thrombotic disorders, angioplasty and reconstruction procedures.

In one embodiment the inhibitor is on or in an implantable intraluminal device, and lhe
compound is administered by implanting the device within the mammal’s body so that the

compound elutes from the implanted device.

The device may comprisc a stent, and may be implanted in an artery or vein of the
mammal so that a therapeutically effective amount of the compound elutes from the stent
and deters reocclusion of the arlery or vein in which the stent is implanted. The artery may

be a coronary artery.

In one embodiment, the compound is administered to a patient who has undergone or will
undergo an angioplasty, atherectomy and/or stent implantation to treat an occluded blood
vessel, and the compound is administered in an amount and by a route of administration

which is effective to deter reocclusion of the blood vessel,

In another embodiment, the compound may be used to prevent the development of
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atherosclerosis in a subject at elevated risk of this condition, such as a smoker or a subject

suffering from hypertension, metabotic syndrome or diabetes.

In one embodiment of each of these aspects of the invention, the inhibitor of CSa function
is an antagonist of the C5a receptor (C5aR). In another embodiment the inhibitor of CSa
function is an antibody, preferably a monoclonal antibody, directed against C5a. In a third

cmbodiment the inhibitor of C5a function is a fragment of C5a,

Preferably the CSa receptor antagonist is a cyclic peptide or peptidomimetic compound of

Formula 1

0

A,
Al

F

where A is H, alkyl, aryl, NH?2, N'H-alkyl; N{alkyl)2, NH-aryl, NH-acyl, NH-benzoyl,
NHSO;, NHSO;-alkyl, NHSO;-aryl, OH, O-alkyl, or O-aryl.

B is an alkyl, aryl, phenyl, benzyl, naphthyl or indole group, or the side chain of a D- or L~
amino acid such as L-phenylalanine or L-phenylglyciue, but is not the side chain of
glycine, D-phenylalanine, L-homophenylalanine, L-iryptophan, L-homotryptophan, L-

tyrosine, or L-homotyrosine;

C is a small substituent, such as the side chain of @ D-, L- or homo-amine acid such as
glycine, alanine, leucine, valine, proline, hydroxyproline, or thioproline, but is preferably

not a bulky substituent such as isolcucine, phenylalanine, or cyclohexylalanine;

D is the side chain of a neutral D-amino acid such as D-Leucine, D-homoleucine, D-
cyclohexylalanine, D-homocyclohexylalanine, D-valine, D-notleucine, D-homo-

norlcucine, D-phenylalanine, D-tetrahydroisoquinoline, D-ghutamine, D-glutamate, or D-
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tyrosine, but s preferably not a small substituent such as the side chain of glycine or D-
alanine, a bulky planar side chain such as D-tryptophan, or a bulky charged side chain such

4% [-arginine or IJ-Lysine,

E is a bulky substituent, such as the side chain of an amino acid selected from the group
consisting of L-phenylalanine, L-tryptophan and L-homotryptophan, or is L-1-napthyl or
L-3-benzothienyl alanine, but is not the side chain of D-tryptophan, L-N-
methyltryptophan, L-homophenylalanine, L-2-naphthyl L-tetrahydroisoquinoline, L-

cyclohexylalanine, D-leucine, L-fluorenylalanine, or L-histidine;

F is the side chain of L-arginine, L-homoarginine, L-citrulline, or L-canavanine, or a
bioisostere thereof, i.e. a side chain in which the terminal guanidine or urca group is
retained, but the carbon backbone is replaced by a group which has different structure but
is such that the side chain as a whole reacts with the target protein in the same way as the

parent group; and

X is -(CHz)oNH- or (CH2)o-8-, where nis an integer of 1, 2, 3 or 4, preferably 2 or 3; -
(CH2)20-; -(CH2)30-; -(CH2)3-; -(CH2)4-; -CH2COCHRNH-; or ~-CHz-CHCOCHRNH-,

where R is the side chain of any common or uncommon amine acid.
In C, both the cis and frgns forms of hydroxyproline and thioproline may be used.

Preferably A is an acetamide group, an aminomethyl group, or a substituted or

unsubstituted sulphonamide group.

Preterably where A is a substituted sulphonamide, the substituent is an alkyl chain of 1, 2,

3,4,5 or 6 carbon atoms, preferably of 1, 2, 3 or 4 carbon atoms, or a phenyl or toluyl

group.

In a particularly preferrcd embodiment, the compound has antagonist activity against C5a

receptors, and has substantially no C5a agonist activity.

The compound is preferably an antagonist of C5a receptors on human and mammalian
cells, including, but not limited to, human polymorphonuclear leukocytes, monocytes,
lymphocytes and macrophages. The compound preferably binds potently and selectively

to C5a receplors, and more preferably has potent antagonist activity at sub-micromolar
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concentrations. Even more preferably the compound has a receptor affinity IC50<25uM,

and an antagonist potency IC50<1uM

Mosl preferably the compound is compound | {(PMX53; AcF|OP-DCha-WR]), compound
33 (PMX273; AcF[OP-DPhe-WRY]), compound 60 (PMX95: AcF [Of—DCha—FR]) or

5  compound 45 (PMX201; AcF[OP-DCha-WCit]) described in International Patent
Application No. PCT/AU02/01427 (WO 2003/033528), hydrocinnamate-
[OPAChaWRJ(PMX205) or hydrocinnamatc-[OPdPhe WR J(PMX218). The structures of:
these cyelic peptides are illusirated in Figure 1.

In a particularly preferted embodiment the CSa receptor antagonist is AcF-[OP-(D-
10 Cha)WR] or hydrocinnamate-[OP-(D-Cha)WR].

Other C5a receptor antagonists are known; see for example the review by Sumichika
(2008) Current Opinion in Investigational Drugs 5(5):5 05-510; Sumichika et al. (2002) J
Biol Chem. 277(51): 49403»49407; and Tntematibnal patent publications No. W002/499‘93
by Neurogen Corporation and No, WO03/078457 by IBA GmbH. Many other small

15 molecule non-peptidic inhibitors of CSa have been described, and the person skilled in the
art will readily be able to identify rclevant publications and patent specifications. US
patent No. 5,807,824 by Ciba-Geigy discloses polypeptidc analogucs of human C5a which
are C5a receptor antagonists, dimeric forms of these analogucs, and antibodies to the
polypeptides. US Patent No, 5,480,974 by The Scripps Research Institute discloscs

20  monoclonal antibodies which bind to a 21-amino acid peptide found in the extracellular
hiydrophilic rcgioan of the human C5a receptor, and which blocks the activity of C5a.
Pexeluzimab and eculizimab are monoclonal antibodies dirccted against C3, and are
produced by Alexion Pharmaceuticals, Inc. Pexeluzimab is a humanised single chain

antibody fragment. Both of these products atc in clinical trials.

25  The inhibitor of C5a function may be administered systemically by any convenicnt
parenteral route, for cxample by subcutaneous, intravenous or intramuscular injection.
Some C5a receptors arc available via enteral administration, and because of'its
convenicnee this route of administration may be preferable. The preforred compounds of

the present invention may be administered orally or rectally.

30 Alternatively the inhibitor of C5a function may be administered locally to the site of an
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implant or prosthesis via a catheter or similar intravascular delivery device.

There are certain litnitations associated with vasenlar surgery, an overgrowth of muscle
cells ean occur. in the wall of the otherwise healthy blood vessels following access graft
surgery (i.e. intimal hyperplasia). This is a significant problem as it can cause a complete
blockage (de rove stenosis) of the blood vessel which usually results in the need for further

surgery to avoid serious complications, .

Further, patients who have kidney failure require their blood to be filtered through a
dialysis machine to prevent them from dying. The process is normally carried oul at least
twice a week and involves the insertion of two needles inlo the patient — one lo extract
their blood and one to return it once it has been filtered. However, normal blood vessels
cannot tolerate large ncedles being inserted into them repeatedly. One way to overcome
this is to surgically insert a plastic tube betwceen a vein and an artery in the patient's arm
("access graft"). Ncedles can then be ropeatedly inserted into the grait (o connect the

patient fo the dialysis machine.

However, up to 60 per cent of haemodialysis access grafts block within one year of being
ingerted due to de novo stenosis, so that repeat surgery must be performed. Such repeat

surgery also frequently fails, but more rapidly as less suitable sites are used, and can only
be performed a limited number of times, Altcrnative and more difficult routes to achieve
filtration arc then required. In these circumstancés, the life expectancy of patients can be

short.

Accordingly, in another alternative embodiment,-the inhibitor of C5a function may be
relcasably bound to the surface ol a vascular graft, or an intraluminal medical device such
as a stent or an endograft preventing intimal hyperplasia. The vascular graft niay be an

arterial or venous graft,

Methods for producing drug-eluting stents and the like are well known; sec for example
US Patent No. 6,358,556 by Rogton Scientitic Corporation, US Patent No. 5,545,208 by
Medtronic, Ine., and US Patent No. 6,273,913 by Cordis Corporation, Drug-eluting stents
are markcted by Cordis Corporation (the Cypher stent, which releases raparnycin) and
Boston Scientific (fhe Taxus stent, which releases paclitaxel), and other such stents arc

being developed by Medtronic, Inc.
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In particular, US Patent No. 6,140,127 by Cordis Corporation discloses methods for
coaling of stents with a peptide agenl.

The mammal may be a human, or may be a domestic, companion or oo animal. While it
is particularly contemplated that the compounds of the invention are suitable for use in
medical treatment of humans, they are also applicable to veterinary treatment, including
treatment of companion animals such as dogs and cats, and domestic animals such as
horses, cattle and sheep, or zoo animals such as non-human primates, felids, canids,

bovids, and ungulates.

We hypothesized that C5a plays a pro-inflammatory, prostenotic rolc in vein graft diseasc.
I this hypothesis is correet, interference in C5a function should lead to a reduction in
intimal hyperplasia and a decreased number of macrophage-derived foam cclls in the
intimal hyperplasia. To test the hypothesis, we used a mouse model for vein graft disease,
in which vein graft thickening is accompanied by intimal hyperplasia and accelerated
atherosclerosis. When vein grafts arc performed in hypercholesterolemic ApoE-/- mice,
the graft morphology 28 days alter surgery strongly resembles the changes seen in digseased
human vein grafts, making this mode! extremely uscful to study the clinical problem of
vein graft thickening (Zwolak et al. (1987) J Vausc Surg. 5: 126-136).

The presence and cxpression of C5 and its receptor (C5aR) was asséssed in this mouse
model. ‘To cxamine the effect of C5a exposure on vein graft thickening, recombinant C5a
was applied to the vein graft. The effect of abrogating C5a function was lested by treating
mice which underwent vein graft surgery with two botent C5a rcoeptor antagonists, AcF-
[OP-(D-Cha) WR] and hydrocinnamaie-[OP-(D-Cha)WR]). We have previously
demaonstrated that these compounds are able to inhibit CSa function in vive; see for
examnple [ntemational patent applications No, PCT/AU98/00490 (WO 99/00406)and No,
PCT/AU02/01427 (WO 2003/033528); Finch et al. (1999) J Med Chem. 42: 1965-1974;
Woodruff et al. (2003} J Immunol. 171: 5514-5520; Woodruff ef al. (2004) J Surg Res.

116: 81-90, the entire contents of which are incorporated herein by thig refaerence,

As used herein, the singular forms “a”, “an”, and “the” include the corresponding plural
reference unless the contex! clearly dictates otherwise. Thus, for cxample, a reference to

“an enzyme” includes a plurality of such enzymces, and a reference to “an amino acid” is a
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reference to one or more armino acids.

Where a range of valucs is expressed, it will be clearly understond thal this range
cncompasses the upper and lower limils of the range, and all values in between these

limils.

Tntimal hyﬁerplasia, also known as neointimal hyperplasia, is the abnormal migration and
proliferation of vascular smooth muscle cells in the inlimal laycr of blood vessels, with

associated deposition of extracellular connective tissue matrix,

Angioplasty, also known as perculaneous transtuminal coronary angioplasty (PTCA), is a
procedurc in which a catheter-guided balloon is used to open a narrowed coronary artery,
allowing for improved flow of blood. A stent is usually placed aé the narrowed gection
during angioplasty. Angioplasty may be used to treat coronary arlery discase or peripheral
artery discase of the legs. Angioplasty of the coronaﬁr arlery, also known as percutancous
coronary infcrvention (PCT), together with placement of a stent is the first choice of
treatment for a heart attack, if it can be performed in a timely manner, since it is less
invasive and requires a shorter recovery time than bypass surgery, which is also done to
increase blood flow to the heart muscle but requires open-heart surgery, In angioplasty of
the aorta or the iliac arterics, a small expandable wire mesh tube called a stent is usually
placed al the same time. Reclosure (rostenosis) of the artery is less likely to occur if a stent
is used. However, stents arc typically not used with angioplasty of the feroral, popliteal,

ot tibia] arteries, because thesc vessels are more subject to trauma and damage.

A stent i an expandable tube made of metal or plastic mesh which is inscrted into a vessel
or anatomical passage to keep its lumen open, and to prevent closure resulling from a
stricture or external comprcé;sion. Stents are usually inserted under radivlogical guidance,
and can be inserted percutancousty. Stents can be inserted into blood vesséls to restore
blood flow to the heatt in peoplc whose arteries have become dangerously narrowed due to
atherosclerosis or other conditions. They are widely used in managing heart disease, and
have become a standard part of practice in angioplasty. Stents arc also commonly used in
the oesophagus if it is narrowed by strictures or cancer, the ureters to maintain drainage
from the kidncys, or the bile duct if it is narrowed by pancreatic cancer or

cholangiocarcinoma,

PCT/AU2007/001008
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Throughout the specification conventional single-letter and three-letter codes are used to

represent amino acids.

For the purposes of this specification, the term “alkyl” is to be taken to mean straight,

branched, or cyclic, substituted or unsubstituted alkyl chain of 1, 2, 3, 4, 5, or 6, preferably
1,2, 3 or 4 carbons. Most preferably the alkyl group is a methyl group. The term “acyl” is
to be taken to mean a substituted or unsubstituted acyl of 1, 2, 3, 4, 5, or G, preferably 1, 2,

cc,.

3 or 4 carbon atoms. Most preferably the acyl group is acetyl. The term “aryl” is to be
understood to meun a substituted or unsubstituted homocyclic or heterocyclic aryl group,

in which the ring preferably has 5 or 6 members.

A “common” amino acid is a L-amino acid selected from the group consisting of glycine,
leucine, isoleucine, valine, alanine, phenylalanine, tyrosine, tryptophan, aspartate,
asparagine, glutamate, glutaming, cysteine, methionine, arginine, lysine, proline, serine,

threonine and histidine,

An “uncommon” amino acid includes, but is not restricted to, D-amino acids, homo-amino

- acids, N-alkyl amino acids, dehydroamino acids, aromatic amino acids other than

phenylalatine, tyrosine and tryptophan, ortho-, meta- or para-aminobenzoic acid,
ornithine, citrulling, canavanine, norleucine, y-glutamic acid, aminobutyric acid, L-

fluorenylalanine, L-3-benzothienylalanine, and o, o-disubstituted amino acids.

Generally, the terms "treating”, "treatment” and the like are used herein to fean atfecting a
subjeot, tissue ot cell to obtain a desired pharmacological and/or physiological effect. The
effect may be prophylactic in terms of completely or partially preventing a discase or sign
or symptom thereol, and/or may be therapeutic in terms of a partial or complete curc of a

disease,

“Treating” as used hercin covers any treatment of, or prevention of disease in a vertebratc,
a mammal, particularly a human, and includes preventing the disease tfrom occurring in a
subject who may be predisnosed to the dissase, but has not yot boen diagnosed as haviuy it,
inhibiting the disease, i.c. arresting its development; or relieving or ameliorating the effects

of the disease, 1.c. cause regression of the effects of the discase.

It is to be clearly understood that this invention is not limited to the particular materials
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and methods described herein, as these may vary. 1t is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and
it iy noi intended io fimit the scope of the present invention, which will be limited only by

the appended claims.

Unless otherwise indicated, the present invention employs conventional chemistry, proleiﬁ
chemistry, molecular biological and enzymological techniques within the capacity of those
skilled in the art. Such techniques are well known to the skilled worker, and are explained
fully in the literature. Sec Coligan, Dunn, Ploegh, Spcicher and Wingfield: “Current
protocols in Protein Science” (1999) Volumes I and TI (John Wiley & Sons Inc.);
Sambrook, Fritsch and Maniatis: “Molecular Cloning: A Laboratory Manual™ (2001);
Shuler, M.L. :Bioprocess Engineering: Basic Concepts (2nd Edition, I’renticc-Hatl
Inlernational, 1991); Glazer, A.N,, DeLange, R.J., and Sigman, D.3.: Chemical
Modification of Proteins (North Holland Publishing Company, Amsterdam, 1975); Graves,
D)., Martin, B.L., and Wang, J.11.: Co- and post-translational modification of proteins:
chemical principles and biological effects (Oxford University Press, 1994)

Lundblad, R.L. (1995) Techniques in protcin modification. CRC Press, Inc. Boca Raton,
Fl. USA; and Geding, J.W Monoclonal Antibodies: principles and practice (Academic
Press, New York: 3" ed. 1996).

Unless defined otherwise, all tcchnical and scientific terms used herein have the same
mcaning as commonly understood by onc of ordinary skill in the art to which this
invention belongs. Although any materials and methods similar or cquivalent to those
described herein can be used to practice or test the present invention, the prefetred

mnaterials and methods are described.

Zou et al. have described a method for performing venous bypass grafting in mice. In this
model of venous bypass graft arteriosclerosis, arterialization of the venous grafl
predomminantly caused by proliferation of vascular smooth muscle cclls in
normocholesterolemic C57B1/6 mice was described. This smooth musele call proliferation
was significantly reduced in ICAM knockout mice, demonstrating the rolc of TCAM-1 in
vein graft thickening (Zou er af (1998) Am J Pathol. 153 1301-1310). In addition,
pretreatment of the vein grafts with the growth factor receplor antagonisi Suramin resulted

in a significant reduction of ncointimal hyperplasia, indicating that the PDGF receptor is

PCT/AU2007/001008
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involved in vein graft thickening (BEet-al 1009

Mouse models of arteriosclerosis, including transplant arleriogclerosis, are reviewsd in Xu
(2004) American Journal of Pathology 165(1): 1-10, and a model of accelerated
atherosclerosis has been described by Lardenoye ef al. (2002) Circulation Research 577-
584.

Models for intimal hyperplasia have becn described in rabbits ( ARG
al (2002) Cardiovascular Research 56: 164-172) and in dogs (Peirofski et al. (2(]04) J

Thorae Cardiovase Surg. 127:27- 33) and these are also usclul in further studics using the

present invention.

Abbreviations

Ac acetyl

AcF AcF-[OP-(D-Cha)WR ]

bFGF basic fibroblast growth factor

C5aR C5a receptor

C5aRA C5a receptor antagonist

Cit cilrulline

dCha D-cyclohexylamine

DThe D-phenylalanine

HC hydrocinnamate-[OP-(D-Cha)WR]

IH intimal hyperplasia

I'CA © percutaneous coronary angioplasty

PDGF Platelet-derived growth factor

PG Pluronic gel

RT-PCR reverse-transcriptase polymerase chain reaction
VEMC vascular smooth muscle cclls .

The invention includes the use of varions pharmaceutic al cotepesitions usclul for
ameliorating diseasc. The pharmaceutical compositions according to one embodiment of
the invention are prepated by bringing a compound of formula 1, analogue, derivatives or

salts thereof and one or more pharmaceutically-aclive agents or combinations of compound
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of formula 1 and one or more pharmaceutically-active agents into a fortm suitable for

administration {o a subjecl using carriers, excipients and additives or auxiliarics.

Frequently used carriers or auxiliaries include magnesium carbonate, titanium dioxide,
lactose, mannitol and other sugars, tale, milk protein, gelatin, starch, vitamins, cellulosc
and its derivatives, animal and vegetable oils, polyethylenc glycols and solvents, such as
slerile water, alcohols, glycerol and polyhydric alcohols. Intravenous vehicles include
ftuid and nutricnt replenishers. Preservatives include antimicrobial, anti-oxidants,
chelating agents and inert gases, Other pharmaccutically acceptable carriers include
aqueons solutions, non-toxic excipients, including salts, preservatives, buffers and the like,
as described, for instance, in Remington’s Pharmaceutical Sciences, 20th ed. Williams &
Wilkins (2000) and The British National Formulary 43rd ed. (British Medical Association
and Royal Pharmaceutical Society of Great Britain, 2002; hitp://bnf.rhn.net), the contents
of which are hereby incorporated by reterence. The pH and exacl concentration of the
vatious components of the pharmaceutical compasition arc adjusted according to routine
skills in the art. 8ee Goodman and Gilman's The Pharmacological Basis for Therapeutics
(7th ed., 1985).

The pharmaceutical composilions are preferably prepared and administered in dosage
units. Solid dosage units include tablets, capsules and suppositorics. For treatment of a
subject, depending on activity of the compound, manner of administration, nature and
severily of the disorder, age and body weight of thd subject, ditferent daily doses can be
used. Under certain circurnstances, however, higher or lower daily doses may be
appropriate. The administration of the daily dose can be carried out both by single
administration in the form of an individual dose unit or els¢ several smaller dose units and

also by multiple administration of subdivided doses at specific intervals.

The pharmacentical compositions according to the invention may be administered locally
or systemically in a therapeutically effective dose, Amounts effective for this use will, of
course, depend on the sevcrity of the disease and the weight and general state of the
subject. Typically, dosages used in vitro may provide useful guidance in the amounts
useful for in situ administration of the pharmaceutical composition, and animal models
may be used Lo determine effective dosages for treatment of the cytotoxic side effects.

Various considerations are deseribed, eg. in Langer, Science, 249: 1527, (1990).

PCT/AU2007/001008
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Formulations for oral use may be in the form of hard gelatin capsules, in which the active
ingfedient is mixed with an inert solid dilucnt, for example, calcium carbonate, calcium
phosphate or kaolin. They may also be in the form of soft gelatin capsules, in which the
active ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin

or olive ail,

Aqueous suspensions normally contain the active materials in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients may be suspending
agents such as sodivm carboxymethy! cellulosc, methyl ccllulose,
hydroxypropylmethyleeliulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and

gum acacia; dispersing or wetting agents, which may be

(a) a naturally occurring phOSphati(iC such as lecithin;

(b) a condensation product of an alkylenc oxide with a fatty acid, for example,
polyoxyethylene stearate; ’

(<) a condensation product of ethylenc oxide with a long chain aliphatic
alcohol, for example, heptadccacthylenoxyectanol;

(d) a condensation product of ethylenc oxide with a partial ester derived from a
fatty acid and hexitol such as polyoxyethylene sorbitol monmﬂeatc, or

(&) a condensation product of ethylene oxide with a partial cster derived from

fatty acids and hexitol anhydrides, for example polyoxyethylene sorbitan momnooleate.

The pharmaceutical compositions may be in the form of a sterile injectable agueous or
oleaginous suspension. This suspension may be formulated according to known methods
using suitable dispersing or wetting agents and suspending agents such as those mentioned

above. The sterile injectable preparation may also a sterile injectable solution or

- Ssuspension in a non-loxic parcnterally-acceptable diluent or solvent, for cxample, as a

solution in 1,3-butancdiol. Among the acceptable vehicles and solvents which may be
crployed arc water, Ringer’s solution, and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium, For
this purpose, any bland fixed oil may be employed, including synthetic mono-or
diglycerides. In addition, faity acids such as oleic acid may be used in the preparation of
injectables.

PCT/AU2007/001008
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Compounds of formula | may also be administered in the form of liposome delivery
systems, such as small unilamellar vesicles, large unilamcllar vesicles, and multilamellar
vesicies. Liposomes can be formed from a variety of phospholipids, such as cholesterol,

stearylamine, or phosphatidylcholines,

Dosage levels of the compound of formula ! of the present invention will usually be of the
order of about 0.5mg to about 20mg per kilogram body weight, with a preferred dosage
range between about 0.5mg to sbout 10mg per kilogram body weight per day (from about
0.5g to abaut 3g per patient per day), more preferably 0.1mg/kg to 10mg/kg per day. The
amount of active ingredient which may be combined with the carricr materials to produce a
single dosage will vary, depending upon the host to be treated and the particular modc of
administration. For examplc, a formulation intended for nral administration to humans
may contain about Smg to 1g of an active compound with an appropriate and convenient
amaount of carrier material, which may vary from about 5 to 95 percent of the total
composition. Dosage unit forms will generally contain between from about Smg to 500mg

of active ingrediont.

It will be understood, however, that the specific dose level for any particular patient will
depend upon a varicly of factors including the activity of the specitic compound cmployed,
the age, body wéight, general health, sex, dict, time of administration, route of
administration, rate of excretion, drug combination and the severity of the particular

diseasc undergoing therapy.

In addition, some of the compounds of the invention may form solvates with water or
comimon organic solvents. Such solvates ure encompassed within the scope of the

invention.

The compounds of the invention may additionally be combined with other therapeutic
compounds to provide an operative combination. It is intended to include any chetmically
compatible combination of pharmaceutically-active agents, as long as the combination
does not climinate the activity ot the compound of this invention. For example, the
compounds of the invention may be administered in conjunction with any agent known to
be beneficial in the treatment or prevention of intimal hyperplasia. This includes oral,

rectal or parenteral administration in conjunction with implantation of a drug-coated stent,
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In order that the nature of the present invention may be more clearly understood, preferred
forms thereof will now be described with reference to the following non-limiting

exampies,
EXAMPLE 1

5  General Methods
Peprtide synthesis

Cyeclic peptide compounds of formula T are preparcd according to methods described in
detail in our earlier applications No. PCT/AUS8/00490 (WO 99/00406) and
No, PCT/AU02/01427 (WO 2003/033528), the entire disclosures of which arc

10 incorporated herein by this reference. While the invention is specifically illustrated with
reference to the compounds AcF-{OPdChaWR] (PMX53), whose corresponding linear
peptide is Ac-Phe-Orn-Pro-dCha-Trp-Arg, and to hydrocinnamate-[OP-(D-Cha)WR]
(PMX205) whos;e corresponding linear peptidc is hydrocinnamatc»Om—Pm—d.Cha-TrpArg,

it will be clearly understood that the invention is not Hmited to these compounds.

15 Compounds 1-6, 17, 20, 28, 30, 31, 36 and 44 disclosed in International patent application
No.PCT/AU98/00490 (WO 99/00406) and compounds 10-12, 14, 15, 25, 33, 35, 40, 45,
48, 52, 58, 60, 66, and 68-70 disclosed for the first time in International patent application
PCT/AU02/01427 (WO 2003/033528) have appreciable antagonist polency (1C50 < 1 uM)
against the C5a receptor on human neutrophils. PMX205, PMX53, and PMX273,

20 PMX201 and PMX218 are most preterred.

We have found that all of the compounds of formulia 1 which have so far been tested have
broadly similar pharmacological activities, although the physicochemical properties,
potency, and bioavailability of the individual compounds varies somewhat, depending on

the specific substituents.

2
Lh

The goneral tests desciibad below may be used for initial screening of candidate inhibitors

of C5a reeoplors.
Drug preparation and formulation

The human C5a receptor antagonists AcF-[OPdChaWR] (AcPhe[Om-Pro-D-
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Cyclohexylalanine-Trp-Arg]) and hydrocinnamate-[OP-(D-Cha)WR] were synthesized as
described above, purified by reversed phase HPLC, and fully characterized by mass
specirometry and proton NMR spectroscopy. The C5a antagonists were prepared in 30%

propylenc glycol for subcutaneous injection.
Receptor-Binding Assay

Assays arc perf‘ormed with fresh human PMNs, isolated as previously described

. Siliar ar4998), using a buffer of 50 mM HEPES, | mM CaCly, 5§ mM MgCl,,
0.5% bovine serum albumin, 0.1% bacitracin and 100 pM phenylmethylsulfonyl fluoride
(PMSF). In assays performed at 4°C, buffer, unlabelled human recombinant C35a (Sigma)
or test peptide, labelled '**1-C5a (~ 20 pM) (New England Nuclcar, MA) prepared by the
Hunter/Bolton method and PMNs (0.2 x 10°) are added sequentially to a Millipore

Mulliscreen assay blate (HV 0.45) having a final volume of 200 pL/well. Aficr incubation
for 60 min at 4°C, the samples arc [iltered and the plate washed once with buffer, F itters
are dried, punched and counted in an LKB gamma counter. Noﬁ-.qpeciﬁo binding is
asscssed by the inclusion ot 1mM peptidc or 100 nM C5a, which typically results in 10-
15% tolal binding.

Data are analysed using non-linear regression and statistics with Dunnett post-test.

Mpyeloperoxidase release assay for antagonist activity

Cells are isolated as previously described (B &) and incubated with
eytochalasin B (Spg/ml, 15 min, 37°C). Hank’s Balanced Salt solution containing 0.15%
gelatin and test peplide is added on to a 96 well plate (total volume 100 pL/well), followed
by 25 uL cells (4x10%mL). To asscss the capacity of each peptide to antagonise C5a, cells
are incubated for 5 min at 37°C with each peptide, followed by addition of C5a (100 nM)
and further incubation for 5 min. Then 50 uL of sodium phosphate (0.1M, pH 6.8) is
added to each well, the plate was cooled to room temperature, and 25 pL of a fresh mixture
of equal volumes of dimethoxyhenzidine (5,7 mg/mL) and H;0, (0.51%)1s added to sach
well. The reaction is stopped at 10 min by addition of 2% sodium azide. Absorbances are
measured at 450 nm in a Bioscan 450 plate reader, corrected for control values (no

peptide), and analysed by non-linear regression.

PCT/AU2007/001008
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Materials and methods
Mice

All experiments were approved by the Animal Weltare Committee of the Department of
Surpery, Leiden University Medical Centre. Male ApoE” mice, aged between 12 and 16
weeks, were used for all experiments. Mice were fed a standard chow diet, and received
water and food ad libitum. Before surgery, mice were anesihetized by an intra-peritoneal
injection with Midazolam (5 mg/kg, Roche), Medetomidine (0.5 mg/kg, Orion) and

Fentanyl (0.05 mg/kg, Janssen). Cholesterol levels in serum were determined at the time

of sacrifice,
vein graft model

Vein gruft surgery was performed as described by Zou e al (1998) Am J Pathol, 153:
1301-1310. Briefly, caval veins were harvested from genetically identical donor mice, and
were prescrved before implantation at 4°C in 0.9% NaCl containing 100U/ml of hoparin,

In the graft recipicnt, the right carotid artery was dissected and cut in the middle. A
polyethylene cuff was placed at both ends of the artery. The artery was everted around the
cufl and ligated with a silk 8.0 suture. The caval vein was sleeved over the two cufts and
ligated, Successful engrafiment was conﬁrﬁwd by the presence of pulsations and turbulent

blood Aow within the vein grafi. The whole procedure usually lakes about 30 minutes,
Detection of C5 in vein grafis by immunohistochemistry

Twenty-four mice were sacrificed after vein graft surgery at the following time points:
dircetly after surgery, 24h, 3d, 74, 144 and 284 after surgery. At the time of sacrifice, vein
grafts were harvested after 5 minutes of in vivo perfusion fixation with 4% formaldehyde.
Vein gralls were fixed ovemnight in 4% formaldehyde, dehydrated and embedded in
paraffin. Sctial Spm perpendicular cross-sections of the embedded vesscl were made
through the entirc specimen. Antibodies directed against murine C5 (HyCult
Biotechnology; 1:25 dilution) were used to detect the presence of C5 in vein grafis by
immunohistochemistry, The person skilled in the art will be aware that C5a is a cleavage
product of C5, and that if C5a is produced this will occur at the sites at which C5 is
identified.

PCT/AU2007/001008
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RNA isolation, ¢DDINA synthesis and RT-PCR

Total RNA was isolated tromn 16 vein grafis harvested 24 hours afler surgery and at 3, 7,

and 28 days after surgery, and from caval veins of donor mice.

An RNA Isolation Mini Kit for Fibrous Tissue (Qiagen) was used to isolate RNA,
following the protocol provided by the manufacturer. To avoid DNA contamination, a
DNase treatment was included (RNase Free DNase set, Qiagen). RNA (250 pg) was
reverse-transcribed using the Ready-To-Go You-Prime First-Strand Beats kit(Amersham

Biosciences) according to the manufacturer’s protocol.

Semi-quantitative RT-PCR {Robocycler Gradicnt 96, Stratagene) was performed with

primers for C3a teceptor:

Forward: GACCCCATAGATAACAGCA

Reverse: CAGAGGCAACACAAAACCCA

(Van Beck ez al. (2000 Exp Neurol. 161: 373-382) and f-actin (Perkin-Elmer).

Samples were amplified for 35 cycles following an initial cyele for 2 min, at 94°C. Eucﬁ
cycle consisted of 30 sec. at 94°C, 30 sec at 56°C and 90 scc. at 65°C, followed by an
cxiension cycle of 4 min at 74°C. PCR products were visualized on a 1.2% agarose gel

containing ethidium bromide,
Quantification and Histological Assessment of Intimal [Iyperplasia

Cross-sections of vein grafts were stained with hematoxylin-phloxine-saffron, using
conventional methods. The intimal hyperplasia surface of the thickcned vein grafts was
measured using image analysis software (Qwin, Leica). For each vein grafl, six equally

spaced cross- sections were used to determing the degree of vessel wall thickening,

To identify racrophages and macrophage-derived foam cells, immunohistochemistry was
performed using ALA31240 primary antibodies against mouse macrophages (1:3000,
Accurate Chemical). The contribution of macrophages and foam cells to the intimal
hypetplasia was measured by computer-assisted analysis (Qwin, Leica) ag the arca stained

with antibody AIA31240, and expressed as a percentage of the total intimal hyperplasia

PCT/AU2007/001008
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surtace.
Statistical analysis

All data are presented as mean = SEM. To determine statistical significance overall,
comparisons between all groups were made using one-way ANOVA, Where differences
were significant, each group was then scparately compared to the control group, using

Student’s t test. P-values of < 0.05 were regarded as significant.
EXAMPLE 2
C5 is present in remodelling vein grafis

The presence of C5 in the developing intimal hyperplasia was asscssed by
immunohistochemistry in vein grafts (n=4 per time point), harvested at several time points
after surgery (t=6h, 1, 3,7,14 and 28 days).

In the vein grafts harvested 6 hours and one day aller surgery, a large amount of C5 could
be detected in adhering monocytes and in adventitial fibroblasts. C5 was also detected in
the regenerating endothelium as from 7 days after surgery. At this stage, staining appeared
most pronounced and diffuscly present, indicating the presence of high amounts of C5 in
the vessel wall. At the later time points (14 and 28 days post~opératively), this was
obscrved in parallel with development of intimal hyperplasia expression of C5 was scen in
endothclial cells, adhering monocytes, adventitial fibroblasts and foam cells. Only small

nurnbers of smooth muscle cells displayed positive staining for C5, as shown in Figure 2.
EXAMPLE 3
Time-dependent expression of C5ua receptor mRNA in remodelling vein grafts

To asscss whether the receptor for C5a was present in and produced in the vein grafls, total
RNA was isolated and tested for the presence of C5aR mRNA by RT-PCR. Vein grafts
were harvested at several time points (1—24h, 3d, 7d and 28d, n=4 per time point), and
normal caval veins werc also harvested to scrve as controls. The amount of total cDNA in

all specimens was assesscd by the presence of the housekeeping gene S-actin.

Normal caval veins showed minimal expression of C5aR. Expression of C5a in the vein
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‘grafts gradually increased in a lime-dependent fashion, Peak expression was scen at 7 days

after surgery, after which expression declined to the level observed in normal caval vein at

twenty-eight days atter surgery; this is illustrated in Figure 3.

These data confirm that the receptor for C5a ts presenl in the vein graft, and is up-regulated

in the early stages of the process of vein grafl thickening.
EXAMPLE 4
C3a increases intimal hyperplasia

To examine the involvement of C3a in the development of vein graft thickening, we
applied recombinant C5a in two concentrations (0.5ug and Sug, dissolved in 100 pl 20%
Pluronic gel, n=7 per group,) directly to the vein graft at the time of surgery. In the control
group 100pl of 20% Pluronic gel without CS5a was applied. Serum cholesterol at the time
of surgery was 10.4'+ 1.2, and did not change significantly during the cxperiment. Body

weight and scrum cholesterol did not difter between the three groups.

Vein grafts were harvested after 28 days, and vein graft thickening was quantified. Over-
expression of C5a resulted in a dosc-dependent incrcase of vein graft thickening caused by
intimal hyperplasia, as shown in Figurcs 4A and 4B. Treatment with recombinant C5a
resulted in a dose-dependent increase of the intimal hyperplasia surface, compared to
control vein grafts (control: 0.24 + 0.02 mm?, 0.5ug C5a: 0.29 £ 0.03 mm® vs, p=0.14, 5ug
CSa: 0.41 % 0.04 mm?, p=0.002 when compared to controls, p=0.037 when compared to .
the 0.5pg CSa-treated group). No significant differences in luminal area were seen

between the three different groups.
EXAMPLE 5
C5aq increases the foam cell content in intimal hyperplasia

Since CSa is a potent chemotactic facior for rmonocytes/macrophages, the numbers of

macrophages and macrophage~derived foam cells in the thickened vein graft were studied.

‘I'wenty-onc mice were randomly divided into threé groups. In the treatment groups, cither
0.5pg or Spg of E. coli-derived recombinant mouse C5a (HyCult Biotcchnology) was

dissolved in 0.1 mi ot 20% Pluronic gel , and applied around the venous interposition at
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the time of surgery. In the control group 0.1 ml of 20% Pluronic gel was applied without
C5a. Mice were sacrificed after 28 days. A dose-dependent increase in the contribution of
macrophages to the intimal hyperplasia was obscrved in the C5a-treated vein grafts, as

shown in Figures 5A and 5B.

In the control group, approximately 17 4 2 % of intimal hyperplasia consisted of
macrophages and macrophage-derived foam cells. When 0,5ug CSa was applied, this
percentage increased to 22 £ 3 % (p=0.11). Application of 5pg C5a to the vein graft
resulted in a significantly increased macrophage/foam cell content of 33 + 2% (p<0.001
when compared to control grafts; p=0.008 when compared to the grafts treated with 0.5ug
C5a).

EXAMPLE 6

Treatment with C3a receptor antagonists reduces intimal hyperplasia

In order to inhibit C5a function, 21 mice were randomly divided in to three groups, and
were trealed with the eyclic peptide C5a antagonists AcF-[OP-(D-Cha)WR] (AcF) or
hydrocinnamate-[OP-(D-ChayWR] (HC). Both compounds display potent antagonizing
activity for the C5a receptor, and were synthesized as described above and in March e al.
(2004) Mol Pharmacol. 65: 868-879. |

AcF was administered subcutaneously in a daily dosc of 3my/kg in 0.1ml 30% propylene
glycol and 70% sterilc waler, starting ane day prior to surgery. Since HC displays an
increased in vive potency over AcF, in a dosc-dependent fashion (Woodruff ef al. (2005) J
Pharmacol Exp Ther.), it was administered in 2 dosages, 3 mg/kg/day and 0.3 mg/kg/day,
both in 0.1 ml 30% propylene glycol and 70% sterile waler. A control group (n=7)
received daily injections of 0.1 ml 30% propylene glycol and 70% sterile water. All mice

were sacrificed 28 days after surgery.,

Twenty-eight mice received either the C5a receptor antagonist AcF in 30% propylene
glycol Gmy/kg/day subculaneously (s.c.j, n=7), the CSa rcceplor antagonist HC in 30%
propylene glycol (3 and 0.3 mp/kg/day s.c., n=7 cach), or daily injections of 30%
propylene glycol s.c. (n=7). Serwmn cholestero! at the time of surgery was 11.7 £ 2.0. No

differences were observed in body weight or scrum cholesterol between the different
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lreafiment groups.

Treatment with AcF resulted in a ignificant decrenve in vain graft thickening of 539%
when compared to the control mice (0.19 + 0.03 mm?, control: (.39 + 0.06 mm?; p=0.046),
whercas treatment with a similar dose of [1C did not result in decreased vein graft
thickening (0.33 % 0,03 mm?, p=0.23). However, treatment with a 10-fold lower dose of
0.3 mg/kg HC did lead to significantly reduced intimal hyperplasia when compared to the
control animals (0.23+£0.03 mm?, p=0.035). These results are summatised in Figures 6A
and 68,

No differences in luminal size were seen between the control group, AcF and 3mg/kg HC,
whereas trcatment with 0.3 mg/kg HC did result in a significantly increased luminal area
(control; 0.42 £ 0.04 mm?; AcF: 0.41 4 0.08 mm?, p=0.48; HC Img/kg: 0.48 = 0.03 mm?,
p=0.15; HC 0.3mg/kg: 0.6] £ 0.04 am?, p=0.005).

EXAMPLE 7
C5uRA treatment diminishes foam cell cantent in intimal hyperplasia

Intimal hyperplasia of control, untreated vein grafts consisted of approximatoly 304 %
foam cells, A significant reduction in this foam cell contribution was seen in the AcF-
treatcd vein grafts (16 = 3%, p=0.01 ‘when comparcd to controls). No significant reduction
was seen in the proup treated with HC at 3mg/kg/day (22 2 3% foam cells in intimal
hyperplasia, p=0.07 when compared to controls), lHowcver, administration of HC at a
daily dosc o1 0.3 mg/kg/day did result in a significantly lowcred contribution of foam cells
in the intimal hyperplasia (16 3 %, p=0.01). Thesc results are smnmarised in Figure 6C.

EXAMPLE 8
Effect of C5aRA in models of atherosclerosis

For further investigation of the effects of C54 receptor antagonists on atherosclorosis
cellular modcls using rat vascular smooth musclo cells (VSMC), endothelial cells and
macrophages for in vitro studies and a transgenic mouse model (ApoE Knockout) for in
vivo studics may be used. A rat restenosis model and a rabbit

denudation/hypercholesteremia model of atherosclerosis are also available.

PCT/AU2007/001008



10

15

20

25

WO 2008/009062 PCT/AU2007/001008

29,
PMX C5a reeeptor antagonists are initially used for in vitro studies to determinc their
effects on proliferation of VEMC alone and in co-culture with endothelial cells and/or

macrophages.

Compounds arc also tested in in vivo models of diseuse, such as ApoE Knockout mouse
model, the rabbit denudation/hypercholesteremia model, and the rat restenosis model. The

compounds are administered in both prophylactic and therapeutic protocols,
EXAMPLE 9
Discussion

We have demonstrated for the first time the involvement of the complement component
C5a in the process of vein graft thickening, C5a ig a highly potent chemotactic agent for
immune and inflammatory cells, including monocytes, ncutrophils and T-cells, and has
been shown to modulate pro~inflammatory cticets in several discases, but its role in vein

graft thickening has never been previously assessed.

In this study, the presence of C5 protein in vein grafts was demonstrated by
immunchistochemistry at scveral time points alier surgery. C5 was predominantly
expressed in adhering monocyles, adventitial ibroblasts, endothclial cells and foam cells
in the intimal hyperplasia, and staining appeared to be most intense 7 days aller surgery.
Hc}wcvcr, since the antibody used was not specific for CSa, this could have been in the
form of C5, C5a and C5b-9.

In addition, the time course of cxpression of mRNA encoding the CSa receptor was
followed by RT-PCR. At baseling, in the normal caval vein, very minimal levels of C3aR
mRNA were detceted, A fast up-regulation was then observed in the first days after
engraftment of the vein. Peak expression occurred after 7 days afler surgery, coinciding
with the highest levels of C5 staining seen using imrnunchistochemistry. Expression

subsequently declined to baseline levcels 28 days after engraftment.

In order to study the functional involvement of C3a in the formation of intimal hyperplasia,
the effect of increased cxposure to CS5a was studied by applying murine recombinant CSa
protein to vein grafts. Since chemotaxis of inflammatory cells to the vein graft is one of

the carliest phenomena seen in the process of intimal hyperplasia development, we

B
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hypothesized that increased exposure to C5a would result in inercased intimal hyperplasia
formation. We found not only that increascd exposure to C5a aggravated intimal
hyperplasia formation, but also increased macrophage-derived foam cell content in the

intimal hyperplasia; both these responses to C5a were dose-dependent.

Moreover, when C5a function was blocked, using the potent C5aR antagonists AcF and
HC, the opposite effect was seen. Inhibiting C5aR function vesulted in decreased intimal
hyperplasia development, with a reduced contribution of foam cells to the intimal

hyperplasia.

These data indicate that there is a pro-stenotic, pro-athcrogenic effect of C5a in this murine

in vivo model for vein graft diseasc.

We found that the effect of HC was dose-dopendent. When udministcrcd at the highest
dose, 3 mg/kg/day, treatment with HC did not inhibit intimal hyperplasia in our model.
This is in line with our results with HC in a rat modcl of inflammatory bowel disease
(Woodrut! et al. (2005) J Pharmacol Exp Ther)). We hypothesized that a lack of
therapeutic ctfect on inflammatory bowel disease of HC administered in high dosages
might be due to deleterious ctfects at unidentified receptors, lo local toxicity, or to other
factors not yet recognized. Similar results were found in the present study, in which the
higher dose of HC uscd, 3 mg/kg, was not effective, but intimal hyperplasia was

significantly reduced when a 10-fold lower dose was administered.

The results of the present study, using two separate C5a receptor antagonists, clearly

indicate a role for the C5aR in the pathogenesis ol intimal hyperplasia.

Little is known about the role of C5a in other forms of infammation-related vascular
rcmodelling,  Although therc have been several studies which argue for a role of
complement in spontaneous atherosclerosis, these studies report inconclusive results. Both
€5 mRNA and protein are present in normal arteries, and there is a substantial increase in
CA mRNA and protein in atherssolerstic arterics (Yasojimia e al. (206
1039-1051). ApoE/C5 double knock—out mice develop spontaneous atherosclerosis at a
similar rate to their ApoE-/- littermates (Patel ez al. (2001) Biochem Biophys Rex Commun.
286: 164-170). However, C5 knock-out mice are not suitable for specific identification of

the role of C5a, since C5 depletion also inhibits the formation of complement components
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C5b-9. Increased scrum levels of C5a in paticnts with advanced atherosclerosis were
associated with increased cardiovaseular risk, as determined by the occurrence of major
adverse cardiovascular events (Speidl ef al. (2005) Eur Heart J.), suggesting that C5a

might be a valuable marker for risk assessment in patients.

Hitherto there have been no reports of a role of C5a in a third form of vascular
temodelling, namely post-angioplasty restenosis. Although these lesions usually consist
mainly of smooth muscle cells in the neointima and only few inflammatory cells are '
present, it has been shown that inflammation plays a pivetal role in this process
(Danenberg e/ al. (2002) Circulation. 105: 2917-2922; Toulouzas ef al. (2004) Eur Heart
J. 25:1679-1687). Moreover, other chemotactic factors have been shown to be involved in
the development of restenosis (Chen ef al. (2004) Arterioscler Thromb Vasc Biol, 24 709-
714; Usui et al. (2002) FASEB J, 16: 1838-1840).

Qur results indicate that CSa is also likely to be involved in atherosclerosis and in
restenosis, and therefore that CSa receptor antagonists are also nseful in the treatment and

prevention of these conditions.

References cited herein arc listed on the following pages, and are incorporated herein by

this reference.,

‘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, intcger
or slep, or group of elements, intcgers or steps.

All publications mentioned in this specification are herein incorporated by reference. Any

_discussion of documents, acts, materials, devices, articles or the like which has been

included in the present specification is solcly for the purpose of providing a context for the
present invention. Ii is not to be taken as an admission that any or all of these matters form
patt of the prior arl base or were common general knowledge in the ficld relevant to the
present invention ag it existed in Australia or clscwhere bofore the paiority date of each

claim of this application.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be madc to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present
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embodiments are, therefore, to be considered in all respects as illustrative and not
restrictive.
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CLAIMS

L.

10.

A method of prevention or {reatment of intimal hyperplasia in blood vessel walls,

the method comprising the step of administering a therapeutically effective amount

_of'an inhibitor of C5a function to a mammal.

The method according to claim | wherein the mammal is the recipient of a blood

vessel graft or prosthesis,

The method according to claim 2 wherein the graft is a venous graft or an arterial

graft,

The method according to claim | wherein the mammal is the recipient of an organ

transplant.

The method according to claim 4 wherein the organ transplant is sclected from the

group consisting of heart transplant, heart-lung teansplant and kidney transplant.

A method of inhibiting the devclopment of blood vessel graft thickening, the
method comprising the step of administering a thcrapeuﬁcally effective amount of

at inhibitor of C5a function to a mammal.
The method according to claim 6 wherein the graft is a venous or arterial graft.

A method of inhibiting the development of stent restenosis, the method comprising
the step of administering a therapeutically effective amount of an inhibitor of C5a

function to a mammal into which a stent has been implanted.

A method of preventing or treating stenosis, restenosis, or unwanted proliferation,
migration or hypertrophy of cells in blood vessel walls or other anatomical
structures of a mammal, the method comprising the step of administerin ga

therapeulically effective amoimt of an inhibitor of C5a fimstion to the mammal.

The method according to claim 9 wherein stenosis, restenosis, or unwanted
proliferation, migration or hypertrophy of cells in bloud vessel walls or other

anatomical structures of a mammal is the result of onc or more of the conditions
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selccted from atherosclerosis, chronie obstructive pulmonary disorder,
transplantation, vascular graft, venous surgery, arterial surgery, bypass graft failure,
plastic surgery, tissuc grafting, tumours, macular degeneration, neovascularisation,
aberrant wound repair, endometriosis, vasculitis, defective revascularisation

5 tollowing thrombosis, prosthetic surgery, scarring, ancurysm surgery/repair,
lymphatic surgery/repair, spinal injury/surgery/repair, cndothelial tumours,
cheloids, granulomas, haesmangiomas, treatment/repair of post thrombaotic

disorders, angioplasly and reconstruction procedurcs.

11.  Themethod according to ¢laim 9 or claim 10 wherein the inhibilor of C5a function
10 s administered to a patient who has undergonc or will undergo angioplasty,
atherectomy and/or stent implantation to treat an oceluded blood vessel, and
wherein the compound is administered in an amount effective and by a route of

administration which is effective to deter reocclusion of the blood vessel.

12, The method according Lo any one of claims 1-11 whetein the inhibitor of C5a

15 function is an antagouist of the C5a receptor (C5aR).

13.  The method according to claim 12 wherein the antagonist of the C5a receptor is a

cyclic peptide or peptidomimetic compound of Formula I
e, L
C &)
0

N
H
NH
X' /\\*\%E
‘: NH
F Formula I

where A ig H, alkyl, aryl, NH;, NH-alkyl, N(alkyl),, NH-aryl, NH-acyl, NH-
20) benzoyl, NIISQs, NHSO,-alkyl, NHSOz-aryl, OH, O-alkyl, or O-aryl;

B is an alkyl, aryl, phenyl, benzyl, naphthy! or indole group, or the side chain of a
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14.

15.

17.

18.

35
D- or L-amino acid, but is not the side chain of glycine, D-phenylalanine, L-
homophenylalanine, L-tryptophan, L-homotryptophan, L- tyrosine, or L-

homotyrosine;

C is the side chain of a D-, L~ or homo-amino acid, but is not the side chain of

isoleucine, phenylalanine, or cyclohexylalanine;

D is the side chain of a ncutral D-amino acid, but is not the side chain of glycine or

D-alanine, a bulky planar sidc chain, or a bulky charged side chain;

E is a bulky substituent, but is not the side chain of D~tryptophan; L-N-
methyltryptophan, L-homophenylalanine, L-2-naphthyl L-tetrahydroisoquinoline,

L-cyclohexylalanine, D-leucine, L-fluorenylalanine, or L.-histidine;

F is the side chain of L-arginine, L-homoarginine, L-citrulline, or L-canhavanine, or

a bioisostere thereof; and

Xtis -(Cl1L).NH- or (C112),8-, where n is an integer of from 1 to 4; -(CH3),0-;
-(CH2):0; -(CHz)3-; -(CHa)g=; -CH,COCHRNH-; or —-CH2-CHCOCHRNH-, where

R is the side chain of any common or unconimon amino acid.
The method according to ¢laim 13, in which n is 2 or 3.

The method according to claim 13 or claim 14, in which A is an acetamide group,

an aminomethyl group, or a substituted or unsubstituted sulphonamide group.

‘The method according to claim 13 or claim 14, in which A is a substituted

sulphonamide, and the substituent is an alky| chain of 1 to 6 carbon atoms, or a

phenyl or toluyl group.

The method according to claim 16, in which the substituent is an alkyl chain of 1 to

4 carbon aloms.

The method according to any one of claims 13 to 17, in which B is the side chain of

L-phenylalasine or L-phenylglycine.

PCT/AU2007/001008
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20.

22,

23.

24,

26.

27.

28.
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The method according to any one of claims 13 to 18, in which C iy the side chain of

glycine, alanine, leucing, valing, proline, hydroxyproline, or thioproline.

The method according to any onc of claims 13 to 19, in which D iy the side chain of
D-leucine, D-homoleucine, D-cyclohexylalanine, D-homocyclohexylalanine, -
valine, D-norleucine, D-homo-norleucine, D-phenylalanine, D-

tetrahyydroisoquinoline, D-glutamine, D-glutamate, or D-tyrosine.

The method according to any one of claims 13 to 20, in which E is the side chain of
an amino acid selected from the group consisting of L-phenylalanine, L-tryptophan

and L-homotryptophan, or is L-1-napthyl or L-3-benzothieny! alanine.

The method according to any one of claims 13 to 21, in which the compound has no

detectable agonist activity against the C5a receptor,

The method according to any one of ¢laims 13 to 22, in which the compound has a

receptor aflinity 1Csp < 25um, and an antagonist polency Csp < 1zm.

The method according to any one of claims 13 to 23, in which the corapound is -
selected from the group consisting of compounds 1-6, 10-15, 17, 19, 20, 22, 25, 26,
28,30, 31, 33.37, 39-45, 47-50,' 52-58 and 60-70 described in PCT/AU02/01427
(published as WO 2003/033528).

The method aceording to claim 24, in which the compound is selected from the
grouﬁ congisting of AcF[OP-DCha-WR], AcF[OP-DPhe-WR], AcF[OP-DCha-FR],
AcF[OP-DCha-WCit], HC-{OP-DCha-WR], AcF-[OP-DCha-WCit] and HC-[OP-
DPhe-WR]. ‘

The method according to claim 25 wherein the compound is AcF|OP-DCha-WR |
or HC-{OP-DCha-WR].

The method according to any one of claims 1-26 wherein the inhibilor of CSa

function is administered locally.

The method according to claim 27 whercin the inhibitot is on or in an implantable
intralumenal device, and the compound is administered by implanting the device

within the marmmal's body so that the compound elutes from the implanted device.
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30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

37
The method according to claim 28 wherein the device comprises a stent which is

implanted in the artery or vein of the mammal.

The method according to claim 27 wherein the inhibitor of C5a function is
administered locally to the site of an implant or prosthesis via an intravascular

delivery device.

The method according to claim 30 wherein the intravascular delivéry deviceis a

catheter.

The method dccording to any one of claims 1-26 wherein the inhibitor of C5a

function is administered systemically.

The method according to claim 32 wherein the systemic administration route is
selected from the group consisting of subcutaneous, intravenous and intramuscular
injection, enteral administration, oral administration, rectal administration and

parenteral administration.

The method of claim 33 wherein the systemic administration is by oral or rectal

administration.

The method according to any one of claims 1-34 wherein the mammal is selected
from the group consisting of human, companion animals, domestic animals and zoo

animals.
The method according to claim 35 wherein the mammal is a human.

Use of a therapeutically effective amount of an inhibitor of C5a function for the
manufacture of a medicament for preventing or treating intimal hyperplasia in

blood vessel walls of a mammal.

Use of a therapeutically effective amount of an inhibitor of C5a function for the
manufacture of a medicament for inhibiting the development of blood vessel graft

thickening in a mammal.

Use of a therapeutically effective 2ot of/am-inhibitor of C5a function for the

manufacture of a medicament for innioiung we development of stent restenosis in a

Substitute Sheet
(Rule 26) RO/AU
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40.

41.

mammal.

Use of a therapeutically effective amount of an inhibitor of C5a function for the
manufacture of a medicament for preventing or treating stenosis, restenosis, or
unwanted cell proliferation, migration or hypertrophy of cells in blood vessel walls

or other anatomical structures of a mammal.

The use according to any one of claims 37-40 wherein the inhibitor of C5a function

is a cyclic peptide or peptidomimetic compound of Formula I:

0]

C}/L
N D
N H
st
N

A 0 N @)

o) o E

X1

o} ;

F
where A is H, alkyl, aryl, NH,, NH-alkyl, N(alkyl),, NH-aryl, NH-acyl, NH-
benzoyl, NHSO3, NHSO,-alkyl, NHSO,-aryl, OH, O-alkyl, or O-aryl;

H
NH
Formula I

B is an alkyl, aryl, phenyl, benzyl, naphthyl or indole group, or the side chain of a
D- or L-amino acid, but is not the side chain of glycine, D-phenylalanine, L-
homophenylalanine, L-tryptophan, L-homotryptophan, L- tyrosine, or L-

homotyrosine;

C is the side chain of a D-, L- or homo-amino acid, but is not the side chain of

isoleucine, phenylalanine, or cyclohexylalanine‘;

D is the side chain of a neutral D-amino acid, but is not the side chain of glycine or

D-alanine, a bulky planar side chain, or a bulky charged side chain;

E is a bulky substituent, but is not the side chain of D-tryptophan, L-N-

methyltryptophan, L-homophenylalaning, 1.-2-naphthyl L-tetrahydroisoquinoline,

Substitute Sheet
(Rule 26) RO/AU
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L-cyclohexylalanine, D-leucine, L-fluorenylalanine, or L-histidine;

F is the side chain of L-arginine, L-homoarginine, L-citrulline, or L-canavanine, or

a bioisostere thereof; and

X! is -(CH,),NH- or (CH2),S-, where n is an integer of from 1 to 4; -(CH;),0-;
-(CHy)30; -(CHy)3-; -(CHz)4~; -CH,COCHRNH-; or —CH,-CHCOCHRNH-, where

R is the side chain of any common or uncommon amino acid.

Substitute Sheet
(Rule 26) RO/AU
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Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
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Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 9 (partially) and 42 (partially)

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

Independent claims 9 and 42 specifically relates to the administration an C5a inhibitor in a method of preventing
or treating stenosis, restenosis, or unwanted proliferation, migration or hypertrophy of cells in blood vessels or
other anatomical structures of a mammal. As the proliferation, migration and hypertrophy of cells may be in
any anatomical structures the scope of these claims is extremely broad. As a consequence the search was limited
to blood vessel, vasculature or endothelial structures

Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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Remark on Protest

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims. :

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search réport is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

OO0

No protest accompanied the payment of additional search fees.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2007/001008

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in- -

Search Report

Patent Family Member

WO 2004062578 AU 2004204834 CA 2511659 EP 1592383
| US 2004219147
US 2004081619 US 2002094332
WO 03033528 CA 2463675 CN 1604909 CN 1847261
EP 1444251 US 2006217530 |
WO 0170953 AU 54726/01 CA 2403444 EP 1265996
US 2004048816 S
WO 2007051062 US 2007112015
WO 2006088888 EP 1727567 US 2006018871 US 2006105980
| US 2007048248 WO 2005079363
US 2007027158 US 6723743 US 6884815

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

