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Compounds and methods for the prevention or treatrnent of restenosis

Fieid of the invention

The invention relates to novel mathods and compositiéns for the prophylaxis or treatment
of restenosis, such as restenosis foliowing bypass grafting and or percutanecus coronary
or peripheral catheter-based interventions aiming at restoring blood flow to ischaemic
tissue.

Background to the Invention
The listing or discussion of an apparently prior-published document in this specification

~ should not necessarily be taken as an acknowledgement that the document is part of the

state of the art of is common general knowledge.

Ischaemic heart disease (IHD) is normally the result of atherosclerosis in the coronary
arieries. Atherosclerosis is a disease of the arterial intima, and starts as focal deposition
of lipid material and inflammatory cells. When these lipid laden lesions become
advanced, they may become stenosing (i.e. cause narrowing of the blood vessel} and
can thus limit blood flow to paris of the myocardium. Atherosclerosis occurs also in other
arteries and can lead 1o stenosis in the vessels to especially the legs, brain and kidneys.
This blood flow limitation can cause ischasmic pain, such as angina pectoris and

intermitient claudication.

Another consequence of atherosclerosis is that the lesions can become unstable and
rupture, leading to the formation of an arterial thrombus at the site of rupture. This
thrombus severely compromises oxygen supply to the downstream tissue and will,
unless the thrombus is resolved, lead to infarction of the ischaemic tissue (myocardial
infarction, siroke, etc.). Myocardial infarction and stroke are the two most common

causes of death worldwide,

Restoring normal blood supply to ischaemic tissue is the most important acute goal for
the treatment of ischaesmic disorders, this can be achieved by medication or by
intervention. In patients with acute arterial thrombotic events such as acute myocardial
infarction, it is important to restore blood flow to the ischaemic tissue as quickly as
possible, in order to reduce the consequences of the thrombotic event, and surgical
intervention is common in this situation. Patients with stable angina pectoris or cther
ischaemic disorders that cannot be adequately controlled with drugs can also be ireated

surgically,
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Surgical interventions, such as for coronary revascularisation, are performed by either
bypass grafting (such as coronary artery bypass grafting, CABG) or by catheter based
interventions. In the case of bypass surgery such as CABG, a mammary artery is
exposed, its distal end removed from the breast and sutured into a position distal to the
stenosed segment of the coronary artery, thus allowing petfusion of the ischaemic tissue.
If the mammary artery cannot be used, or if multiple bypasses are required, the surgeon
will use veins from the legs (vein grafis). In this case, a vein segment is removed and
placed from the aoria to a position distal o the stenosis.

During catheter based interventions, such as PC! (percutaneous coronary intervention),
a balloon catheter is typically inserted through a femoral arlery and guided into the
stenotic segment, where the balloon is inflated and the stenotic segment thus dilated.
This is also known as balloon angioplasty. Other procedures that are done during PCl
may include implantation of a stent, or atherectomy, such as rotational or laser
atherectomy (removal of atheromatous plaque material). To improve efficacy of the
intervention, a stent catheter can be used to implant a stent. in this case, the catheter will
also place a metal stent to support the artery wall to maintain lumen calibres.

interventions intended to restors normal blood flow to ischemic tissue can resuit in
restenosis, caused by the formation of a neointima or neointimal thickening. The
underlying cause is vascular smooth muscle injury and disruption of the integrity of the
andothelial lining. The process Is also characterised by the presence and activity of
inflammatory cells and eventual co-morbidities the patient suffers. The underlying
molecuiar machanisms of the processes of development of the primary stenosis and the

secondary restenosis are different, but there is considerable overlap betwsen the two.

Bypass grafting is an effective intervention, but a common complication is the so called
restenosis, the rapid development of a neointima that will lead o the formation of a new
stenosis in the graft vessel, ofien resulting in the need fo perform a repeat
revascularisation procedure. This is especially common in vein grafts, where
approximately 16% of grafts occlude during the first year, and by 10 years 50% of the
graft vessels are stenotic (Motwani and Topol, 1998). Vein graft failure can be
considerad as an injury-induced inflammatory disease, inciuding macrophage infiltration
and activation and medial smooth muscle cell activation (Zhang ef al., 2004).
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Also after PCI is restenosis a common complication. 1t is more common to perform a
repeat revascularisation procedure after PCl than after CABG; the absolute rates at 5
years were 46,1% after balloon angioplasty, 40.1% after PCl with stents, and 9.8% after
CABG (Bravata et al., 2007).

Proliferation of smooth muscle cells of a matrix synthesising phenotype is an important
factor in the process leading fo neointima formation. A recent development that
effectively reduces restenosis is the so calied drug eluting stents (DES). These stents
are coated with polymers that contain cytostatic agents (e.g., rapamyein), that effectively
inhibits the proliferative response to the surgical intervention. In patients receiving DES,
restenosis occurs typically with an incidence below 4%. However, the DES stents do not
hecome fully integrated into the vessel wall, and they are associated with an increased
risk for thrombus formation, that cannot be effectively controfled with drugs. In fact, the
advantage of DES as concerns restenosis do not lead to a significant improvement in
prognosis for the patient, as increased risk for thrombosis offsets this effect. In fact, there
are now recommendations to use DES with caution, and recommendations to increase
anti-thrombotic therapy has also been issued (Smith et al., 2008).

The restenotic lesions are inflammatory lesions that at least superficially have similarities
to the primary atheroscierotic lesions. The dominating cells are smooth muscle cells, but
also macrophagesffoam cells and T-lymphocytes are present in restenosis lesions.
CABG and PC! are effective treatments for stenosis, and there has been some
advantage in medical approaches to limit intervention assoclated complications, but
effective treatments that prevent rastenosis effectively would further improve the
treatment. Even in the case of bES, it would be an advantage if the stents could be
coated with an effective anti-restenctic agent that does not lead to an increased risk for
the formation of arterial thrombi.

From the above summary, it becomes evident that an effective treatment that reduces
the formation of restenosis is a therapeutic opportunity for disease conditions where
revascuiarisation procedures are performed, independent of whether the technigue used
to obtain revascularisation is bypass grafting or by balloon dilatation of the stenosed
vessel segment, with or without stent placement.

Annexin A5 is an endogenous protein that binds fo charged phospholipids such as
phosphatidyiserine (PS) (Cedearholm and Frostegard, 2007). Annexin A5 is a potent anti-
thrombotic agent (Thiagarajan and Benedict, 19897), and it is proposed that Annexin AS
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by binding to exposed PS can form & ‘proteciive shield’ that can inhibit the effects of PS

on thrombosis formation (Rand, 2000).

It has been shown that in addition to anti-plateiet and anti-coagulant sffects of Annexin
AS, this protein and an analogue thereof, the Annexin AS dimer diannexin, is ffectiva in
praventing reperfusion injury In the liver (Teoh ef af., 2007), and it improved the oulcome
of rai fiver transplants (Shen et al, 2007). Interestingly, in both these studies the

ireatmenis were assoociated with a reduced inflammatory achivity in the hepalic

endothelium, measured as reduced expression of adhesion molecules, that is Annexin
AB has arti-inflammatory effects. It was suggested that diannexin improved the survival
of the liver transplants by an anti-thrombotic effect leading io maintained blocd supply to
the liver (Shen ef al., 2007). It has earlier been suggested that Annexin AS can be used
o stabiiise athercsclerctic lesions in coronary arteries in patients, which should reduce
the risk for myocardial infarction in fhese palients (Cederholm et al., 2005, WO
2005/099744). '

‘ Summary

In a first aspect, there is provided the use of Annexin A5 or a functional analogue or variant

thereof in the manufacture of a medicament for the prophyiaxis or treatment of restenosis.

Iin a second aspect, there is provided the use of Annexin A5 or a functional analogue or variant
thereof in the manufacture of 2 medicament for the treatment of stenosis in a patient, wherein the
paiient is subject fo an intervention for the treatment of stenosis and the Annexin A5 or funciional

analogue or variant thereof is for administering in conjunction with the intervention.

in one embodiment, there is provided a method for the prophylaxis or treatment of restenosis
comprising adminiétering a therapeutically effective amount of Annexin A5 or a functional

analogue or variant thereof to a patient in need of such treatment.

in another embodiment, there is provided a method for the treaiment of stenosis in a patient
comprising performing an intervention for the treatment of stenosis in conjunction with

administering a therapeutically effective amount of Annexin A5 or a functional analogue or variant
thereof.



In a third aspect, there is provided a pharmaceutical composition comprising a
therapeutically effective amount of Annexin A5 or a functional analogue or variant thereof

for the prophylaxis or treatment of restenosis.

In a fourth aspect, there is provided a drug eluting stent, wherein the drug is Annexin A5

or a functional analogue or vatiant thereof.

in a fifth aspect, there is provided a method for making a stent for delivering Annexin AS or
a functional analogue or variant thereof to a patient, the method comprising incorporating

Annexin A5 or a functional analogue or variant thereof into or onto a stent body.

43
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It is contemplated that any method or composition described herein can be implemanted

with respect {o any other method or compesition described herein.

The use of the word “a” or “an” when used in conjunction with the term "comprising” in
the claims and/or the specification may mean “one,” but it is also consistent with the

B U

meaning of “one or more,” "at least one,” and "one or more than one.”

These, and other, embodiments of the invention will be befter appreciated and
undersiocd when considerad in conjunciion with the foliowing description and the
accompanying drawings. It should be understood, however, that the following
description, while indicating various embodiments of the invention and numerous specific
details thereof, is given by way of illustration and not of limitation. Many substitutions,
medifications, additions and/or rearrangementis may be made within the scope of the
invention without departing from the spirlt thereof, and the invention includes all such
substitutions, modificafions, additions and/or rearrangements.

Brief description of the drawings

Figure 1, Quantification of leukocytes the arterial wall in APOE*3-Leiden transgenic mice,
fed a cholesterol-rich diet, three days after femoral artery cuif surgery and daily treaiment
with vehicle or rscombinant human annexin A5. The percentage of leukocyies is

expressed as meaniSEM.

Figure 2. Quaniffication of monocytes and macrophages stained with AIA 31240 in the
arterial wall in APOE*3-Leiden transgenic mice, fed a cholesterol-rich diet, three days
after femoral artery cuff surgery and daily treatment with vehicle or recombinant human
annexin A5. The percentage of macrophages in the total number of cealls counted
(attached fo the endothelium or infiltrated in the media) is expressed as meanzSEM.

Figure 3. Quantification of celis expressing MCP-1 in the arterial wall in APOE*3-Leiden
fransgenic mice, fed a cholesterol-rich diet, three days after femoral artery cuff surgery
and daily treatment with vehicle or recombinant human annexin A5. The percentage of
cells expressing MCP-1 is expressed as meanzSEM.

Figure 4. Vein graft thickening of APOE?3-Leiden transgenic mice, fed a cholesterol-tich

diet, 28 days after vein graft surgery and dafly freatment with vehicle, recombinant
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human or murine annexin A5. Area batwsen the lumen and adventiiia is represented as

mean=SEM (mm?). n.s.: not significant.

Figure 5. Quantification of the number of leukocytes in the vein graft wall in APOE*3-
Leiden fransgenic mice, fad a cholesterol-rich diet, 28 days after vein graft surgery and
daily treatment with vehicle, recombinant human or murine annexin A5. The number of

cells is expressed as mean+SEM.

Detaiied descrintion of the invention

Here, the inventors show that Annexin AS can reduce the Tormation of a necintima in two
mouse models of restenosis. Thus, Annaxin AS or analogues thereof present a new
treatment modality with anti-restenotic properties that can reduce the number of
restenosis-related complications in patients undergoing bypass grafting or angioplasty
procedures for revascularisation of ischemic tissue. There are no previous reports {o
show that Annexin A5 has anti-restenotic properties. Annexin AS can therefore be used
o prevent restenosis. Annexin AS can be administerad systemically, and it can also be
used as an anti-restenctic agent in drug elufing stents.

In a first aspect, the invention provides a method for the prophylaxis or treatment of
restenosis comprising administering a therapeutically effective amount of Annexin A3 or

a functional analogue or variant thereof to a patient in need of such treatment.

Put another way, the first aspect of the invention provides Annexin A5 or a functionat
analogue or variant thereof for use in the prophylaxis or treatment of restenosis. By
“orophylaxis” we include prevention, particularly prevention of the development of
restenosis, or reduction in the development of restenosis {(primary prophylaxis) and
secondary prophylaxis, in which restenosis has already occurred, but the patient is
protected against worsening of the condition, or the condition worsens more graduaily or
to & reduced extent. By "treatment” we include the meaning that existing restenosis can

be reversed, either partially or totally, in the patient.

The patient is typically a human patient. Alternatively, the patient may be a non-human
animal, such as a domestic animal (for example, cat, dog, rabbit, cow, sheep, pig, mouse

or other rodent).
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Restenosis may occur following an intervention aimed at restoring normal blood flow to
ischemic tissue, such as a revascularisation procedurs that has been used 10 ireat
stencsis of a blood vessel, or the build-up of atheromatous plaque in a blood vessal.
Stenosis or vessel obstruction due to atheroma can be diagnosed by a physician
according to means known in the art.  Coronary stenosis is typically assessed by
coronary angiography or intravascular ultrasound (IVUS). The iatter is also used fo
quanify arterial plaque. Jasti ef al (2004) Circulation 110: 2831-2836 describe
parameters that can be measured by VUS, and also quantitative coronhary angiography.
Suitable parameters of a target lesion and reference segment that can be measured by
VUS are: (1) minimum and maximum lumen diameters (mm); (2) minimal lumen cross-
sectional area (MLA, mm?): (3) plague plus media cross-sectional area (CSA, mm?) equal

4o the extemnal elastic membrane cross-sectionai area (EEM CSA) minus the MLA; (4)

cross-sectional narrowing (CSN), which was calculated as plague plus media CSA
divided by the EEM CSA; (5) the reference segment, which was the normal-locking artery
cross section Jlocated proximal or distal to the stenosis; typically average of
measuramentis proximal and distal to the stencsis can be determined; and (6) area
stenosis (AS), calculated as the reference-lumen CSA-lesion MLAX100/reference-lumen
CSA. Mean lumen diameter (MLD) of £2.8 mm or mean jumen area of <5.8 mm? were
indicative of a clinically significant stenosis which warrants intervention in this study. The
skilled person will appreciate that different cut-off values may be appropriate for
diagnosis of stenosis in different vesseis. A reduction of the lumen to 50% of the

reference segment is often considered as a dlinically relevant stenosis.

Non-invasive means of diagnosing stenosis are also known. Holte ef al (2007)
Cardiovascular uffrasound 5: 33 describe transthoracic Doppler echocardiography for
direct visualisation of coronary segments and assessment of the coronary velocity flow
reserve (CVFR). By this technique, coronary stenoses typically show local flow
acceleration and turbulence expressed as colour aliasing by colour flow Doppler and
accelerated flow velocities across the stenosis. To assess the severity of the stenoses,
fiow acceleration can be quantified by comparing flow velocities at the site of aliasing

. with nearest upstream nonaccelerated prestenotic flow velociies. A maximal-to-

orestenotic peak diastolic flow velocity ratio greater than 2.0 predicts significant stenosis
with high sensitivity and specificity.

Stenosis is not limited to coronary arteries and may occur in cerebral blood vessels as

well as other peripheral arteries such as renal arteries and arteries of the limbs. Stenosis
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may be diagnesed in such vessels in a similar manner to diagnosis in coronary vessels,

or by functional testing such as treadmill exercise.

Typically, restencsis may become apparent within weeks, months or years of the
intervention aimed at restoring normal blood fiow to ischemic tissue and, i untreated,
nrogress over a fime frame of weeks, months or years, Restenosis may or may not be
diagnosed during follow-up after the intsrvention, and may first be noticed when it resuits
in clinical complications such as angina, thrombosis or infarction. Restenosis is typically
diagnosed by a physician according to the same means used io diagnose stenosis.
Typically, coronary restenosis may be assessed by coronary angiography, fVUS or by
non-invasive means such as transthoracic Doppler echocardiography. Similar clinical
parameters as described above in relation to diagnosis of stenasis are alsc used for the
diagnosis of restenosis. A maximal-to-prestenctic peak diastolic flow velocity ratio
greater than 2.0 determined by transthoracic Doppler echocardiography may be
indicative of restenosis, as described in Holte ef al, supra. Hirata et a/ (2008) J Amer.
Soc. Echocardiography 19:185-191 describe non-invasive diagnosis of restenosis by
transthoracic Doppler echocardiography in patients & months after undergoing
successful PCl of the jeft anterior descending coronary artery. Resienosis of peripheral
blood vessels, such as renail or limb arteries may be diagnosed by similar methods, or by

functional testing such as treadmill exercise.

In a method of prophylaxis according to the first aspect of the invention that is intended
to prevent or reduce devalopment of restenosis, the Annexin AS or functional analogue
or variant thereof is typically administered at the time of or shortly before the intervention
aimed at restoring normal blood flow to ischemic tissue. For exampie, it may be
adminisiered at least 1 wesek, 6 days, 5 days, 4 days, 3 days, 2 days, 1 day, 12 hours, 8
hours, 4 hours, 2 hours, 1 hour or 30 minutes before the intervention or at the time of the
intervention. Typicaily, administration of the Annexin A5 or functional analogue or variant
thereof is continued after the surgical intervention, for example for at least 1 week, 2
weeks, 1 month, 2 months, 8 months, 1 year, 2 years, 5 years or 10 years after the
intervention. Annexin A5 or functional analogue or variant thereof may be provided by
repeat administration of suitable dosage forms, or by administration in a controlled
release form, such as in a drug eluting stent deployed during the intervention, or as a
combination of one or more forms of administration. 1t will be appreciated that the exact
duration of continuation of administration of the Annexin AS or functional analogue or
variant thereof may be chosen to coincide with the degree of risk of restenosis at

different fimes after the infervention. For example, where a bare-metal stent is deployed
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during the intervention, neointima formation typically peaks at about & months after the
intervention, and then regresses, whereas where a drug eluting stent is deployad,
restenosis tends to develop more slowly, but continues to deveiop up to 1 or 2 years or
even more than 2 years after intervention (Ong and Serruys (2005) Curr lssues Cardiol
32: 372-377}. |

in other embodiments of the first aspect of the invention, Annexin A5 or functional
analogue or variant thereof is administered as a secondary prophylaxis, to prevent or
reduce worsening of restenosis that has already occurred; or as a freatment, fo
completely or partially reverse restenosis that has already occurred. Typically, the
Annaxin A5 or functional analogue or variant thereof is administered after the primary
revascuiarisation procedure, and following diagnosis- of restenocsis in the patient.
Typically, Annexin A5 or functional analogue or variant thereof is provided by repeat
administration of suitable dosage forms. Typically, administration is continued for at
least 1 week, 2 weeks, 1 month, 2 months, 6 months, 1 year, 2 years, 5 years or 10
years after diagnosis of restenosis. It is also envisaged that a further revascularisation
procedure may be undertaken as & treatment for the restenosis, and that the Annexin A5
or functional analogue or variant thersof may be provided as a controlled release drug,
such as in a drug eluting stent deployed during the further revascularisation procedure.
A combination of one or more forms of administration may be provided.

By administering a “therapeutically effective amount of Annexin A5 or a functional
analogue or variant thereof’, we mean administering an amount which has a beneficial
affect in preventing or reducing the devslopment of restenosis, treating resiencsis, or
preventing or reducing the worsening of existing restenosis. Where the Annexin AS or &
functional analogue or variant thereof prevents or reduces development of resienosis,
typically, restenosis is not diagnosable following onsst of administration, or it becomes
diagnosable later than would be expecied (ie. compared fo its deveiopment in the
absence of the administration-of Annexin A5 or functional analogue or variant thereof), or
develops less quickly after diagnosis, or develops to a reduced extent after diagnosis, or
there is a combination of any two or all three of later diagnosability, slower progression
and reduced development. Typically, restencsis would be diagnosable at least 1 month,
at ieast 3 months, 6 months, 1 year, 2 years, 5 years or 10 years later than would have
been expected in the absence of administration of Annexin A5 or a functional analcgue
ar variant thereof. Where, following diagnosis of restenosis, progression of restenosis is
slower in the patient who has been administered the Annexin A5 or a functional analogue

or variant thereof, this typically resufts in the need for a repeat revascularisation
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procedure to oceur later, typically, at least 1 month, at least 3 months, 6 months, 1 year,
2 years, 5 years or 10 years later than would have been expected in the absence of
administration of Annexin A5 or a functional analogue or variant thereof. Typically, where
the Annexin A5 or a functional analogue or variant thereof is administered to treat
restenosis, symptoms of restenosis disappear o{/er fime, such that restenosis is ho
longer diagnosable at 10 years, at § years, 2 years, 1 year, 8 months, 3 months or at 1
month following administration. Where Annexin A5 or a functionai analogue or variant
thereof is administered to prevent or reduce the worsening of existing restenosis, this
typically resuits in the need for a repeat revascularisation procedure fo occur later,
typically, at least 1 month, at least 3 months, 6 months, 1 year, 2 yéars, 5 years or 10
years later than would have been expected in the absence of administration of
Annexin A5 or a functional analogue or variant thereof.

Suitably, the beneficial effect of administering Annexin AS or & functional analogue or
variant thereof on restenosis (2.g. later diagnosability, slower progression and/or reduced
development) can be identified by determining by IVUS the mean fumen diameter or
mean lumen area of the blood vessel that is at risk of or has undergone restenosis
following a revascularisation procedure, in a subject who has been andfor is being
administered Annexin A5 or a functional analogue or variant thereof, and comparing it to
the same parameter in a subject who has undergone the same type of revascularisation
procedure in the same type of blood vesss! a similar period of time ago, but who has not
be administered Annexin A5 or a functional analogue or variant thereof. Suitably, the
mean luman diameter will be at least 1%, 2%, 3%, 4%, 5%, 7%, 10%, 15%, 20%, 25%,
30%, 40%, 50%, 75%, 100%, 1256%, 150% or even 200% larger in the treated subject
than in the subject who has not been treated with Annexin AS or a functional analogue or
variant thereof, at a time point of 1 week, 2 weeks, 1 month, 2 monihs, 4 months, 6
months, 9 months, 1 year, 2 years, 5 years or 10 years after the revascularisation
procedure has been performed, assuming that administration of Annexin A5 or a
sunctional analogue or variant thereof was commenced at the time of or before the
revascularisation procedure, Alternatively, the mean lumen area will typically be at least
2% 3%, 4%, 5%, 7%, 10%, 15%, 20%, 45%, 55%, 70%, 100%, 225%, 300%, 400%,
500%, B00% or even 800% larger in the treated than the untreated subject at any of the
time points mentioned above. Preferably, the above noted increase in mean lumen

diameter or area is observed at 6 months after the revascularisation procedure.

The skilled person will appreciate that other endpoints may be appropriate o identify a

therapsutic effect of administration .of Annexin AS or functional analogue or variant

10
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thereof. For example, myocardial infarction and/or death are common conseguences of
restenosis. Subjects administered Annexin A5 or functional analogue or variant thereof
may experience a reduced risk of myocardial infarction, and/or survive for longer than
would be expected in the absence of the administration of Annexin AS or functional

analogue or variant thareof.

An effect of administration of Annexin AB or a functional analogue or variant thereof on
diagnosability of restenosis foliowing a revascularisation procedure can be determined
by clinical trials, typically involving tens, hundreds, or thousands of patients (such as 10,
50, 100, 1000 or 10000 or values between these). Aliernatively, animal tests may be
used, such as those described below in relation to the testing of functional analogues

and variants of Annexin A8, and in the Examples.

Subjects who may benefit from prophylaxis or freatment according to the first aspect of
the invéntion include subjects who are to undergo an intervention aimed at restoring
normal biood fiow o ischemic tissue, or those subiects at the time of the intervention or
subsequent to the intervention. The patient can be a subject undergoing or having
undergone a revascularisation procedure in the coronary circulation or in a peripheral
vessel. Such an intervention may be a surgical intervention or a percutaneous
intervention. For example, the procedure can be a bypass grafting, such as coronary
artery bypass grafting, or a catheter based intervention, such as balloon angioplasty with
or without implantation of a stent and with or without atherectomy, such as percutaneous
coronary intervention or angioplasty. Suitably, in the first aspect of the invention, the
restenosis is associated to a bypass grafting. In other words, the restenosis has
occurred, or is at risk of occurring, due to a bypass grafting procedure. Suitably, in the
first aspect of the invention, the restenosis is associated to a catheter based intervention.
in other words, the restenosis has occurred, or is at risk of occurring, due fo a catheter
based intervention. Suitably, the restencsis is associated with the implaniation of a
stent, whether or not this procedure has been performed in the context of a surgical
intervention such as bypass grafiing, or a catheter based intervention. Other suitable
subjects include subjects who have been or are fo be treated for an aneurysm, such as

by stent grafting.

The Annexin A5 or the functional analogue or variant thereof can be administered in
conjunction with one or more further active ageni(s), such as a thrombolytic therapeutic
such as aspitin, clopidogrsl, triclopidine, tissue plasminogen activator, urokinase, or a

bacterial enzyme such as streptokinase. The Annexin A5 or functional analogue or
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variant thereof can be co-administered with any of one or more further active agent(s), or
it may be administered separately, simultaneously or sequentially with such ageni(s).
Typically, one or more of these agents is used 1o reduce the risk of thrombosis, which
can occlude biood vessels, inciuding stented blood vessels. Suiiably, therapy is
commenced with triclopidine or clopidogrel before a revascularisation procedurs
involving stent deployment, and is continued for at least three, six or even twelve months
after the procedure (Ong and Serruys, supra). Typically, aspirin is administered
concomitantly with triciopidine or clopidogrel and then continued indefinitely. The use of
aspirin together with clopidogrel or triclopidine is referred to as dual antiplatelet therapy.
Similar regimes of antithrombotic drug administration may be applied before and
foliowing other types of intervention,

The Annexin A5 or the functional analogue or variant thereof can be administered
parenterally, intravenously, intra-arterially, intra-peritoneally,  intra-musculariy,
subcutaneously or locally from a drug eluting stent. Where a subject has been implanted
with a stent, the Annexin A5 or functional analogue or variant thereof may be released
from the stent (i.e. the stent is a drug eluting stent) or the subject may be administered
Annexin A5 or functional analogue or variant thereof by another of the routes listed

abovea,

In a second aspect, the invention provides a method for the treatment of stenaosis in a
patient comprising performing an intervention for the treatment of stenosis in conjunction
with administering a therapeutically effective amount of Annexin A5 or a functional
analogue or variant thereof. Put another way, the second aspect of the invention
provides Annexin Ab or a functional analogue or variant thereof for use in the treatment

of stenosis in conjunction with a stenosis therapy.

_ Stenosis may occur and may be diagnosed as desctibed above. By “an intervention for

the treatment of stenosis® we mean any intervention intended fo ireat stenosis in a
patient. Art known stenosis interventions include surgical interventions, such as vein
grafting, including bypass grafting such as coronary artery bypass grafling, and catheter-
based interventions, such as bailoon angioplasty with or without implantation of a stent

and with or without athereciormy, including percutaneous coronary intervention.
In the second aspect of the invention, the Annexin A5 or functional analogue or variant

thereof is administered in conjunction with the intervention for the {reatment of stenosis.

In other words, the administration and the intervention are performed ssparately,

12
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simultaneously or sequentially. As discussed in relation io the first aspect of the
invention, the Annexin A5 or functional analogue or variant thereof may be administered
at least 1 week, 6 days, 5 days, 4 days, 3 days, 2 days, 1 day, 12 hours, 8 hours, 4
hours, 2 hours, 1 hour or 30 minutes before the intervention or at the time of the
intervention. Typically, administration of the Annexin AS or functional analogue or variant
thereof is continued after the surgical intervention, for example for at least 1 week, 2
weeks, 1 month, 2 months, § months, 1 yeér, 2 years, b years or 10 years after the

intervention.

The Annexin A5 or functional analogue or variant thereof is administered in ordger o
prevent or reduce the development of restenosis following the stenosis treatment. Thus
a "therapeutically effective amount” of Annexin A5 or functional analogue or variant
thereof has a benaficial effect in preventing or reducing the development of restenosis,
as described above in relation to the first aspect of the invention.

Suitable subjects and patient groups who may benefit from the method of the second
aspect of the invention, suitable routes apd doses of adminisiration, and suitable adjunct
therapies, are as described above in refation to the first aspect of the invention.

A third aspect of the invention provides a pharmaceutical composition comprising a
therapeutically effective amount of Annexin AS or a functional analogue or variant thereof
for the prophylaxis or treatment of restencsis. Put another way, the third aspect of the
invention provides use of Annexin A5 or a functional analogue or variant thereof for the
manufaciure of a medicinal product for the prophylaxis or treatment of restenosis.

Prophylaxis and treatment of restencsis are as described in relation to the first aspect of

the invention.

A pharmaceutical composition according to the third aspect of the invention may thus
comprise Annexin A5 or a functichal analogue or variant thereof in admixture with a
pharmaceutibally or veterinarily. acceptabie adjuvant, diluent or carrier, which will typically
be selected with regard to the intended route of adminisiration and standard
pharmaceutical practice. Tne composition may be in the form of immediate-, delayed- or
controlied-release applications. Preferably, the formulation is a unit dosage containing a

daily dose or unit, daily sub-dose or an appropriate fraction thereof, of the active ingredient.
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The phrases “pharmaceutical or pharmacologically acceptable” refer to compositions that
do not produce an adverse, allergic or other untoward reaction when administered to an
animal, such as, for exampie, a human, as appropriate. The preparation of such
pharmaceutical compositions are known to those of skill in the art in light of the present
disclosure, as exemplified by Remington's Pharmaceutical Sciences, 18th Ed. Mack
Printing Company, 1890, incorporated herein by reference. Moreover, for animal (e.g.,
human) administration, it will be understood that preparations should meet sferility,
pyrogenicity, general safety and purity standards as required by FDA Office of Biological
Standards.

As used herein, "pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., antibacterial
agents, antifungal agents), isotonic agents, salts, preservatives, drugs, drug stabilizers,
excipients, disintegration agents, such like materials and combinations thereof, as would
be known to one of ordinary skill in the art. Except insofar as any conventional carrier is
incompatible with the active ingredient, its use in the therapeutic or pharmaceutical
compositions is confemplated.

The pharmaceutical compositions according to the invention may, or may not, be
intended for, and, thus formulated in a manner suitable for, parenteral, intravenous, infra-
arterial, intraperitoneal, inira-muscular or subcutaneous administration, or adminisiration
from a drug-eluting stent, or they may be administered by infusion techniques. Sterile
injectable solutions may be prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by sterilization. The pharmaceutical
compositions may be best used in the form of a sterile aqueous solution which may
contain other substances, for example, snough salis or glucose o make the solution
isotonic with blood. The aguesous solutions may be suitably buffered (preferably to a pH
of from 3 to 9), if necessary. The preparation of suitable pharmaceutical formulations
under sterile conditions is readily accomplished by standard pharmacsutical technigues
well-known to those skilled in the art.

A therapeutically effective amount of Annexin AS or a functional analogue or variant
thereof for administration to a patient, such as a human patient, on the basis of a daily
dosage level may be from 0.01 to 1000 mg of Annexin AS or a functional analogue or
variant thereof per aduit {for example, from about 0.001 to 20 mg per kg of the patient's
body weight, such as 0.01 to 10 mg/kg, for example greater than 0.1 mg/kg and less than
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20, 10, 5, 4, 3 or 2 mglkg, such as about 1 mg/kg), administered in single or divided
doses. Suitable doses to include in drug eluting stents are discussed below in refation

o the fourth aspect of the invention.

The physician in any event will determine the actua! dosage which will be most suitable
for any individual patient and it will vary with the age, weight and response of the
particular patient. The above dosages are exemplary of the average case. There can, of
course, be individual instances where higher or lower dosage ranges are merited and

such are within the scope of this invention.

For veterinary use, a compound of the invention is administered as a suitably acceptable
formulation in accordance with normal veterinary practice and the veterinary surgeon will
determine the deosing regimen and route of administration which will be most appropriate

for a particutar animal.

A fourth aspect of the invention provides a drug eluting stent, wherein the drug is

Annexin A5 or a functional analogue or variant thereof.

A stent is a scaffold used to maintain a blood vessel in an open position, and is typically
deployed during catheter based interventions. Drug eluting stents contain, in addition o
a stent body, at least a drug and typically also a coating which allows for controlled
elution of the drug. Typical stent bodies are at least partly fiexible or articuiated (i.e.,
adjacent expansible ring segments are connected by links that arﬁ'culate rejative to one
another) over their iengths so that they may be advanced through the vasculature.
Further they should have sufficient mechanical strength after they are expanded, in order
io mechanically augment the luminal wall strength and thus maintain lumen patency.
Stent bodies are typically tube-shaped and have a mesh structure. Suitable stent bedies
are disciosed in US 5,802,282 (Assignee Avantec Vascular Corporation). Stents having
expansible ring segments joined by sigmeidal links and axial beams are described in WO
99/17680 {Localmed Inc). Stenis comprising expansible rings including struts and hinges
where the hinges are configured to have different opening forces are described in U.S.
Pat. No. 5,922,020 (Locaimed Inc). Typical stents will have a length in the range from
about 5 mm to 100 mm, usually being from about 8 mm to 50 mm. The small (radially
collapsed) diameter of cylindrical stents will usually be in the range from about 0.5 mm to
10 mm, more usually being in the range from 0.8 mm to 1.25 mm. The expanded
diameter will usually be in the range from about 1.5 mm to 50 mm, preferably being in

the range from about 2.5 mmto 30 mm.
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The stent body can be manufactured from any suitabie material, including stainiess stesl,
titanium, nickel or afioys, such as cobali chrome alloys, or combinations thereof.
Particularly suitable materials include malleable metais, such as BOO' series stainless
stee!, or resilient metals, such as superelastic and shape memory alioys, e.g., Nitinol®
alioys, spring stainless steels, and the like. It is pessible that the body segments could
be formed from combinations of these metals, or combinations of these types of metals
and other non-metallic materials. Stent bodies may also be made of a bioresorbable or
hiodegradable material. A sultable biodegradable stent body is made from a polyester
such as polylactide as described in Vogt et al (2004) European Heart Jourmnal 25: 1330~
40. This stent body was used as the platform for eluting paclitaxel, which it was abie to
do over a period of more than two months from deployment.

The Annexin A5 or the functional analogue or variant thereof is incorporated onto or into
the stent body by a mathod suitable to allow for its gradual release following deployment
of the stent.

Blindt ef af (1989) Int J Ariif Organs 22: 843-853 describe a method of molding stents
from bioresorbable polymers such as pd!y-D—i_-!actide, which they call CESP (controlied
expansion of saturated polymers). The CESP process is characterised by the exposure
of an amorphous polymer to an inert gas at high pressure, such as carbon dioxide, which
has a plasticizing effect, making it possible to process polylactides at a temperature
ciose to room temperature. The low process temperature constitutes a key advantage
for thermally sensitive polymers and allows the incorporation of thermally sensitive
pharmaceutical additives during the moiding process. Drug release kinetics can be
regulated by different pore sizes of the material. The CESP method was used Vogt ef al,
supra to make a poly-D-L-lactide paclitaxel eiufing stent.

Annexin A5 or the functional analogue or variant thereof may also be incorporated onio
the stent body by coating the stent body after it has been formed. In this embodiment,
the stent body is coated with the Annexin A5 or the functional analogue or variant thereof
and typically also a further material, such as a polymer suitable to allow slow release of
the Annexin A5 or the functional analogue or variant thereof. Typically,A in this
embodiment, the stent body comprises a metal, as described above. However, a coating
may also be applied in the case of bioerodible or biodegradable stent bodies, even if
these also include Annexin A5 or functional analogue or variant thereof incorporated at

the molding stagse.
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Suitably, where the stent body is coated, there is at least one, two, three or more
coatings. US 2006/0083772 (DeWitt et af) describes suitable coating compositions and
their use in applying a bicactive agent o a surface of an implantabie medical device,
such as a stent, in a manner that will parmit the bioactive agent to be released from the
coating in vivo. The composition comprises a plurality of compatible polymers having
different properties that can permit them to be combined together to provide an optimal
combination of such properties as durabiiity, biocompatibility and reiease kinetics. The
coating compesition described in US 2006/0083772 comprises one or more bioactive
agents in combination with a plurality of polymers, including: (a) a first polymer
component comprising a polymer selected from the group consisting of (i) ethylene
copolymers with other akyienes, (i) polybuienes, (i) aromatic group-containing
copolymers, (iv)  epichlorohydrin-containing  polymers, (v}  poly(aikylene-co-
alkyl(meth)acrylates), and (vi) diolefin-derived, non-aromatic polymers and copolymers;
and (b) a second polymer component comprising one or more polymers selected from
the group consisting of poly(alkyl(meth)acrylates) and poly(aromatic(meth)acrylates),
where “(math)" includes such molecules in either the acrylic and/or methacrylic form
(corresponding tc the acrylates and/or methacrylates, respectively). Criteria for
selection of polymers and in vitro tests for determining release rate of an active agent are
also disciosed in US 2006/0083772. Furthermore, US 2006/0083772 discloses pre-
treatment of stents by coating with materials such as silane and/or a polymer of the low-
molecular-weight dimer of para-chloro-xylylene (ParyieneT"‘ C; Speciality Coaling
Systems (Indianapoiis)), in order to improve adherence of subsequent polymer layers. A
top-coat layer may also be included, to improve biocompatibility, protect against
delamination, and.jor to reduce initial drug elution rates to provide for longer elution

times.

US2005/0037052 (Medtronic Vascular, Inc.) discloses drug eluting stenis having
coatings of betwsen 1 ym and 1000 pm thickness. In one configuration the drug-
containing coating is applied directly to the device surface or onto a polymer primer coat
such a parylene. Depending on the sclubifity rate and profile desired, the drug is either
entirely soluble within the polymer matrix, or avenly dispersed throughout. The drug
concentration present in the polymer matrix ranges from C.1% by weight to 80% by
weight. In another configuration, a drug-free polymer barrier, or cap coat is applied over
the drug-containing coating. Thé drug-containing coating serves as a drug reservoir.
Generally, the conceniration of drug present in the reservoir ranges from about 0.1% by
weight {0 as much as 100%. The barrier coating participates in controiling drug reiease
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rates in at least three ways. Firstly, if the barrier coat has a solubility constant different
from the underlying drug-containing coating, the drug's diffusivity through the barrier coat
is regulated as a function of the barrier coating's solubility factors. The more miscible the
drug is in the barrier coat, the quicker it will elute form the device surface and visa versa.
This coating configuration is commonly referred to as a reserveir coafing. Secondly, the
barrier coat may comprise a porous network where the coaling acts as a molecular
sieve. The larger the pores relative to the size of the drug, the faster the drug will elute.
Moreover, intramolecular interactions will also determine the elution rates. Finally, while
coating thickness is generally & minor factor in determining overall drug-release rates

' and profile, it is nevertheless an additional factor that can be used to tune the coatings.

Basically, i ali other physical and chemical factors remain unchanged, the rate at which
a given drug diffuses through a given coating is inversely proportional to the coating
thickness. It is possible to use the controlled release coatings described in
US2005/0037052 with a cap coat. For example, US2005/0037052 discloses a metal
stent having a parylene primer coat applied to its bare metal surface. Over the primer
coat a drug-releasing polymer coating or blend of polymers is applied. Over the drug-
containing coating a polymer cap coat is applied. The cap coat may optionally serve as a
diffusion barrier to fusther control the drug release, or provide a separate drug. The cap
coat may be merely a biocompatible polymer applied to the surface of the steni to profect
the stent and have no effect on slusion rates. US2005/0037052 alsc discloses methods

for coating a stent with the various polymer compositions.

Where a polymer is used in the coating, it may be a durable polymer or a biodegradable
polymer. the polymer can be selecied from polyurethanes, polyethylene terephthalate,
PLLAoniy-g!ycolic acid (PGA) copoiymer (PLGA), polycaprolactone, polyalkanoate
polymers and copolymers such as poly—(hydroxybutyrate;’hydroxyvalerate) copolymer,
p_oly(vinylpyrro!idone),poly{etraﬁuoroethylene, poly(2-hydroxyethyl methacrylate},
poly{etherurethane urea), silicones, acrylics, epoxides, polyesiers, ursthanes, parlenes,
polyphosphazene polymers, fluoropolymers, polyamides, polyolefins, and mixiures

thereof.

The stent can further be coated with a iayer of an antithrombotic material comprising or
consisting of one or more agenis selected from nolysaccharides, heparin, gelatin,
coliagen, aiginate, hyalunic acid, aiginic acid, carrageenan, chondroitin, pectin, chitosan,
and their derivatives and copolymers, Suitably, these agenfs can be incorporated in a
biocompatible topcoat, as described in US 2008/0083772.
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Suitable drug-eluting stents may be made using the coating methods and materials
described above. In vitro tests may be performed to assess drug reiease ﬁroﬁ!es in
aqusous madia, as described in US2005/0037032 and US 2006/0083772. Suitably, a
drug eluting stent according to the fourth aspect of the invention should release the
Annexin A5 or functional analogue or variant thereof over a period of at least 1 day, at
least 2 days, at least 3 days, at least 5 days, 10 days, 20 days, 30 days, 40 days, 50
days, 60 days, 70 days, 80 days, 90 days or even 100 or 150 days following depioyment.
Suitably, no more than 80%, 70%, 80 % or 80% is released in the first third of the period
over which the stent releases the Annexin A5 or functional analogue or variant thereof,

A suiiable quénti’ty of Annexin A5 or functional analogue or variant thereof may be in the
range of about one microgram fo about 10 milligram (mg) of hicactive agent per cm? of
the effective surface area of the devic:é, and typically between about 5 pg and about 10
mg, more typically between about 1 ug and about 1 mg. In Vogt et al, supra, the stent
had a surface area of 87 mm? and contained 170 yg of paclitaxel.

A fifth aspect of the invention provides a method for making a stent for delivering
Annexin A5 or a functional analogue or variant thereof to a patient, comprising
incorporating Annexin A5 or a functicnal analogue or variant thereof into or onto a stent
body. Methods suitable for incorporating a drug inio or onto a stent body are described
in Blindt ef al (1999) Int J Artif Organs 22: 843-853, US2005/0037052 and US
2006/0083772.

in a preferred embodiment of the fifth aspect of the invention, the method comprises a)
providing a stent body having a surface, and b) applying a coating over at least a portion
of said surface, wherein said coating comprises Annexin AS or a functional analogue or

variant thereof. Suitably, the luminal surface, or the transluminal surface or hoth

. surfaces are coated. Methods of coating a stent body, and suitable coating compositions

are described in US2005/0037052 and US 2006/0083772. Art-known methods such as
dipping, spraying, ultrasonic- or vacuum-depcsition may be employed to apply a coating
of a solution of a material in a suitable solvent. US2005/0037062 describes that a
porosity gradient in the coating can be attained by phase separation, such as by addition
of a non-solvent ic the poiymer solution. The higher the amount of non-solvent, the
higher the degree of phase separation and the higher the porosity in the film. The coat
next o the stent surface may be formulated with the highest amount of non-solvent to
exhibit the most porosity. Successive coats of drug-polymer solutions may then be
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formulatad with decreasing amounts of non-solvent which will provide a coating system
with progressively lowsr porosity.

in another embodiment of the fifth aspact of the invention, the method comprises molding
a stent from a composition comprising a polymer and Annexin A5 or a functional
analogue or variant thereof. A method of molding a stent from a mixture of a polymer
and a drug compound is disclosed in Blindt ef af (1999) Int J Artif Organs 22: 843-853.

The Annexin A5 or functional analogue or variant thereof referred fo in relation to any of
the first fo fifth aspects of the invention may be selected from:

a) human Annexin A5 (SEQ 1D NO:1);

b) a mammalian orthoiogue of human Annexin A5;

c) an allelic or genetic variant of a) or b);

d) a functional analogue of Annexin which is a protein which is more than 50%,

B0%, 70%, 75%, such as more than 80%, 85%, more than 80%, or aven more
preferably more than 95% or 88% ider_v’cical to human Annexin A5, SEQ 1D

NO:1;
e) a dimer of, or fusion protein comprising, any of a), b}, c) or d); and
f) a PEGylated variant of any of a), b}, ¢}, d) ore}.

in particular embodiments, the functional analogue or variant of Annexin A5 according to
the invention is more than 50%, 60%, 70%, 75%, such as more than 80%, 85%, more
than 90%, or even more preferably more than 95% or 99% identical {o human Annexin
A5, SEQ ID NO:1.

The percent identity between two amino acid sequences is determined as follows. First,
an amino acid sequence s compared to, for example, SEQ 1D NO:1 using the BLAST 2
Sequences (Bl2seq) program from the stand-alone version of BLASTZ containing
BLASTN version 2.0.14 and BLASTP version 2.0.14. This siand-alone version of
BLASTZ can be obtained from the U.S. govemment's National Center for Biotechnology
Information web site at ncbi.nim.nih.gov. Instructions explaining how ic use the Bi2seq
program can be found in the readme file accompanying BLASTZ. Bl2seq performs a,
comparison bgtween two amino acid segquences using the BLASTP aigorithm. To
compare two amino acid sequences, the options of Bl2seq are set as follows: -l is setto
a file containing the first amino acid sequence o be compared (e.g., Cseql.ixt); - is set
to0 a file containing the second amino acid sequence o be compared (e,Q., Ciseqg2.txt); -
p is set to blastp; -0 s set to any desired file name (e.g., Cioutput.tx); and all other

options are left at their defaull setfting. For example, the following command can be used
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to generate an output file containing a comparison betwean two amino acid sequences:
C:\Bl2seg ~i ciseql.ixt — ci\seq2.bd —p blastp —o choufput.ixt. if the two compared
sequences share homology, then the designated output file will present those regions of |
homology as aligned sequences. If the fwo compared sequences do not share
homoiogy, then the designated output file will not present afigned sequences. Once
aligned, the number of maiches is determined by counting the number of positions where
an identical nucleotide or amino acid residue is presented in both sequences.

The percent identity is determined by dividing the number of matches by the length of the
sequence set forth in an identified sequence followed by muttiplying the resulting value
by 100. For example, if a sequence is compared fo the sequence set forth in SEQ ID
NO:1 (the length of the seguence set forth in SEQ ID NO:1 is 320) and the number of
matches is 288, then the sequence has a percent identity of 80 (i.e., 288 + 320 * 100 =
90) to the sequence set forth in SEQ 1D NO:1.

Thus, a functional analogue or variant of Annexin A5 tmay be a protein wherein at one or
more positions there have been amino acid insertions, deletions, or substitutions, either
conservative or non—consarva‘zivé, provided that such changes result in a protein whose
basic properties to function in an equivalent manner to Annexin A5 have not significantly
been changed. “Significantly” in this context means that one skilled in the art would say that
the properties of the variant may still be different but would not be unobvious over the ones

of the originat protein,

By "conssrvaiive substitutions® Is intended combinations such as Gly, Ala; Val, lie, Leu;
Asp, Glu; Asn, Gin; Ser, Thr, Lys, Arg; and Phe, Tyr.

Such variants may be made using the methods of pretein engineering and site-directed
mutagenesis which are well known in the art.

The functional analogue or variant of Annexin A5 according t© the invention may be a
dimer of Annexin A5 (such as DiAnnexin AS) or a functional analogus or variant thereof,
or may be a PEGylated Annexin AS or a furctional analogue or variant thereof.
DiAnnexinAS and PEGylated AnnexinAS are disclosed in WO 02/087857.

PEGylation is a method well known o those skilled in the art whersin a polypeptide or

peptidormimetic compound (for the purposes of the present invention, Annexin A5 or the
functional analogue of variant) is modified such that one or more polysthylene glyco (PEG)
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molecules are covalently aftached to the side chain of one or more amino acids or
derivativeé thereof. i is one of the most important molecule altering structural chemistry
technigues {MASC). Other MASC technigues may be used; such techniques may improve
the pharmacodynamic properiies of the molecule, for example extending its half iife in vivo.
A PEG-protein conjugate is formed by first activating the PEG moiety so that it will react
with, and couple to, the protein or peptidomimetic compound of the invention. PEG moieties
vary considerably in molecular weight and conformation, with the early moieties
{monofunctional PEGs; mPEGs) being linear with molecular weights of 12kDa or less, and
later moieties being of increased molecular weights. PEG2, a recent innovation in PEG
technology, involves the coupling of a 30kDa (or iess) mPEG to a lysine amino acid
(athough PEGylation can be extended to the addition of PEG fo other amino acids) that is
further reacted to form a branched structure that behaves lke a linear mPEG of much
greater molecular weight (Koziowski et al., {2001), Biodrugs 15, 419 ~ 429). Methods that
may be used to covalently attach the PEG molecules to polypeptides are further described
in Roberts et al, (2002) Adv Drug Deliv Rev, 54, 459 - 476, Bhadra et al, (2002)
Pharmazie 57, 5 — 29, Koziowski et al., (2001) J Control Release 72, 217 — 224, and
Veronese (2001) Biomaterials 22, 405 — 417 and references referred fo therein.

The advantages 'of PEGylation o the polypeptide or peptidomimetic compound of the
invention include reduced renal clearance which, for some products, results in a more
sustained adsorption after administration as well as restricted distribution, possibly leading
to a more constant and sustained plasma concentrations and hence an increase in clinical
effectiveness (Hartis et al., (2001) Clin Pharmacokinet 40, 539 ~ 551). Further advantages
can inciude reduced immunogenicity of the therapeutic compound (Reddy, {2001} Ann
Pharmacother 34, 915 ~ §23), and lower toxicity (Kozlowski et al., (2001), Biodrugs 15, 419
—~429).

The functiona! analogue or variant of Annexin AS can be a fusion protein comprising the
sequence of Annexin A5 or a variant thereof. Thus, for example, Annexin A5 or a variant
thereof can be fused to ona or more fusion partner polypeplide seguence(s) so as to extend
the halfife of the molecule within a patient’s circulatory system andior add further

functionaiity to the moieculs.

A ‘“functional’ analogue or variant of Annexin A5 may he capable of binding to
phosphatidylsetine on a biological membrane, preferably to a level that is at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or about 100% of that displayed
by human Annexin A5 (SEQ ID NO:1) under the same conditions. A suitable method for
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measuring Annexin A5 binding to phosphatidylserine on a biological membrane is known in
the art (Mermes, |., et al, A novel assay for apoptosis. Flow cytometric detection of
phosphatidylserine expression on early apoptotic cells using fluorescein labefled Annexin
V. J Immunol Methods, 1995, 184(1): p. 38-51).

A "functional” analogue or variant of Annexin AS may, additionally, or aiternatively, possess
at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or about 100% of
the therapeutic activity human Annexin AS (SEQ 1D NO:1) when used at the same (le.
molar equivalent) dosage, for prophylaxis or treatment of restenosis in accordance with the
first aspect of the invention. In this context, the therapeutic activity of a “functional’
analogue or variant of Annexin A5 may be determined, compared {o that of human Annexin
A5 (SEQ ID NO:1), by comparing the ability of a molar equivalent amount of the functional
analogus or variant and of human Annexin A5 to treat or provide prophylaxis for restenosis
as described above, andfor by animal tests, such as using the methodology set out in the

following examples.

One suktable test s as follows: 1. Maintain ApoE*3 Leiden mice on a mildly
hypercholesterolemic dist for 3 weeks prior to surgery; 2. one day before surgery and for
the remainder of the procadure, treat mice by iniraperitoneal injection of 1 mg/kg bw/day
of Annexin A5, or a molar equivalent amount of the functional analogue or variant of
Annexin A5, or vehicle alone; 3. Cuff the femoral vein with non-constrictive fine bore
nolysthylene tubing; 4. Sacrifice the mice three days after cuff placement, and examine
the vascular composition in the arterial lesion. 5. Compare the resulis obtained in the mice
treated by Annexin A5 with those treated with the functional analogue or variant of Annexin
AB, and the untreated mice. Relevant parameters are: the ability of treatment with the
Annexin A5 analogue or variant to reduce the percentage of cells attached to endothelium
identifiable as leukocytes, comparad to the untreated-group; the ability of treatmeant with the
Annexin A5 analogue or variant to reduce the percentage of cells in the media identifiable
as leukocytes, compared to the untreated group. In either case, the Annexin AS analogue
or variant may have at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%. 80%, 95%, 88%
or about 100% of the effect of the Annexin A5 in reducing either or both of these effects.

Another suitable test is as follows: 1. Maintain ApoE*3 Leiden mice on a high fat diet for
3 wesks prior to surgery; 2. One day before surgery, or at the day of surgery, and for the
remainder of the procedure, ireat mice by intraperitoneal injection of 1 mg/kg bw/day of
Annexin A5, or a molar equivalent amount of the functional analogue or variant of Annexin

A5, or vehicle alone; 3. Graft the inferior caval vein from a littermate into the common
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carotid artery; 4. Sacrifice the mice 28 days after vein graffing, and examine the vascular

compesition and dimensions of the vein graft. 5. Compare the results obtained in the mice

treated by Annaxin A5 with those treated with the functional analogue or variant of Annexin

A5, and the untreated mice. Relevant parameters are: the ability of treatment with the

Annexin A5 analogue or variant fo reduce the number of leukocytes in the vein graft wall,

compared to the untreated group; the ability of reatment with the Annexin AS analogue or

variant to reduce vein graft thickening i.e. neointima area of longitudinal cross-section,

compared to the untreated group. In either case, the Annexin AS analogue or variant may

have at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 80%, 95%, 89% or about 100% .
of the effect of the Annexin A5 in reducing either or both of these effects.

Examples

The following examples are included to demonstrate particular embodiments of the
invention. It should be appreciated by those of skill in the art that the technigues
disclosed in the examples which follow represent techniques discoverad by the inventor
to function well in the practice of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should, in light of the
present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing

from the spirit and scope of the inveniion.
Example 1: Mouse vein graft model

In a mouse model of CABG is a vein graft taken from a donor mouse. in a recipient
mouse, a carotid artery is freed from surrounding tissue, and blood flow is stopped by the
placement of two artery clamps. The vessel is then sectioned between the two artery
clamps, and the vein graft is sutured to fit between the two artery ends. When this
procedure is finished, the clamps are removed and blood flow is restored. A detajled
description of the method is published (Zou ef al., 1998)

When 4 weeks has elapsed, a neointima has formed in the vein graft. The dimension of
the neointima is measured 5is’cologica{1y after termination of the mice. If the mice used
are hyperlipidemic, e.g. apoE (--) mice that are given a high fat diet or apoE*3-Leiden
mice that are alsc given a high fat diet, the neointima will develop more rapidly than in
normal mice. In such mice, the lesions may reach a so severe state that one can see
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evidence of endothelial erosion, intraplaque hasmorrhage and dissemination, i.e. similar

consequences that can happen in patients.

The dimensions of the neointima in mouse vein grafts can be significantly reduced by
treatment with Annaxin A5. A daily injection of 1 mg Annexin A5 / kg bw intraperitoneally
will reduce the neoinfima by at least 20 %, showing the efficacy of the treatment.

Example 2: Mouse perivascular cuff model

A cuff placed around the femoral artery of a mouse wilf lead to the rapid development of
a neointima. This model has been used as a model of the neointima formation caused by
PCl, and it has been used to evaluate the effects of anti-restenotic drugs (Pires ef al.,
2008). The neointimal lesions will contain smooth muscle cells, but there will also be
recruitment of circulating white celis into the lesions, especially if the procedure is carried

out in mice that are hyperiipidemic. The development of the lesions is rapid, and a

~ significant lesion is seen already within 1 week.

The dimensions of the neointima in mouse vein grafts may be significantly reduced by
ireatment with Annexin A5, and/or the percentage of the total number of cells attached to
the endothelium and/or present in the media which are identifiable as leukocytes, such
as macrophages, may be significantly decreased. A daily injection of 1 mg Annexin A5 /
kg bw intraperitoneally may reduce the necintima by at least 20 %, showing the efficacy

of the treaiment.

Summary. An unwanted effect of surgical interventions aiming at restoring normal bloed
flow to ischaemic tissue is restenosis of the vessel that has been dilated by PCl or in the
graft vessels used to bypass the stenosed arterial segment. in animal models of
restenosis, it was surprisingly found that Annexin A5 reduced: the development of

restenosis.
Example 3: Mouse perivascular cuff model - experimential results

Balioon angioplasty (with or without stent placement) is a common way fo restore hlood
flow to e.g. ischasmic myocardium in patients with angina pectoris or myocardial
infarction. The procedure triggers an inflammation in the dilated vessel segment, which
may lead to restenosis, i.e. the dilated vessel segment becomes again stenotic due fo

the development of a so called neointima. This phenomenon may jead fo a need for a
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repeated vascularisation procedure in as many as 30 — 50 % of the patients within 3 - 12
months ¥ 2 stent is not placed in the dilated vessel segment. A bare metal stent can
reduce the restenosis rate, but as many as 15 — 30 % may still need revascularisation
within 3 -~ 12 months.

Placement of a perivascular plastic cuff around the femoral artery in a mouse ‘is an
experimental model of an inflammation driven neocintima formation, i.e. it is a restenosis

modal. We tested if annexin A5 couid affect neointima formation in this model.

Experimental
Male ApoE*3 Lelden mice were fed a mildiy hypercholesterolemic diet for 3 weeks prior

to experimental procedure, which continued until the end of the experimental period.
One day before surgery the mice were randomized in one of the freatment groups on the
basis of plasma cholesterol, triglyceride levels and body weight. Treatment with 1 mg/kg
bw/day of annexin A5 (intraperitoneal injection) was started one day before cuff
placement and continued daily during the experimental period. At day 0 surgery was
performed, i.e. & non-constricting cuff was placed around gach femoral arery of the
mice. The mice were sacrificed 3 days after the cuff placement,

Surgical procedure of cuff placement

Mice were anesthetized before surgery by intraperitoneal administration of a combination
of Midazolam (5 mg/kg, Roche, Woerden, The Netherlands), Medetomidine (0.5 mg/kg,
Orion, Espoo, Finland) and Fentanyl (0.05 mg/kg, Janssen, Berchem, Belgium). This
cocktail of anassthetics gives complste narcosis for at least one hour. After shaving the
inner side of both legs and disinfecting the surgery area with alcohol (70%) a longitudinal
1 om incision was made in the internal side of the ieg. Next, a 3 mm length of the
femoral artery was dissected free from the femoral nerve and femoral vein. The fermoral
artery was looped with a 6/0 silk ligature (0.7 metric B/BRAUN, Tuttlingen, Germany) for
careful manoeuvring of the artery. A non-constrictive fine bore polyethyiene tubing
(Portex, Kent, UK; 040 mm inner diameater, 0.80 mm outer diameter and an approximate

Jength of 2 mm) was longitudinally opened and sleeved loosely around the femoral

artery. The cuff was closed up with two 6/0 silk figature knots. The skin was closed with
a coniinued suture. After surgery, anaesthesia was antagonized subcutaneously with
Atipamezot and Flumazenil. Animals were piaced in & clean cage on fop of a heating

pad for at least 4 hours,
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Sacrifice of the animals

For histological analysis, animals were sacrificed 3 days after cuff placement. After

anaesthesia (Midazolam / Medetomidine / Fentanyl) and blood sampﬁng, the thorax was

opened and a mild pressure-perfusion (100 mmHg) with 3.7% formaldehyde in

phosphate buffered saline (PBS) (wifvel) was performed for 5 minutes by cardiac

puncture in the left ventricle. After perfusion, the cuffed femoral artery was harvested, "
fixed overnight in 3.7% formaldehyde in PBS (wtivol) and paraffin-embedded. Serial

cross sections (5-um thick) were faken from the entire length of the cuffed femoral arfery

segment for histological analysis.

Blood sampling

Blood was collected in K.EDTA capiliary fubes (Microvette, Sarstedt, Gerrﬁany) from the
tail (one day before surgery for randomization) or by caval vein (sacrifice). Capillary
tubes were kept cool at 4 °C for half an hour followed by centrifugation at 6000 RPM
(1200 G) for 10 minutes in a cooled 4 °C centrifuge. Plasma was subsequently aliquoted
for further analysis. At sacrifice, the plasma was aliguoted in 1.5 ml polypropylene tubes
(Eppendorf), one sample of 20 pi for cholesterol and triglyceride analysis and the
remaining plasma for reserve analysis. Samples were stored at - 80 °C.

Cholesterol and total triglycerides levels were dstermined in the plasma samples taken
cne day before surgery and at sacrifice. Total plasma cholesterol was measured
enzymatically with kit 1489437 (Roche Diagnostics, Almere, The Nethetlands) and total
triglyceride concentrations were measured with kit 148872 (Roche Diagnostics, Almers,
The Netherlands).

Vascular composition

The vascular composition was anafyzed by immunocytochemistry and histomorphometric
analysis with regard to the number of leukocytes (anti-CD45 antibodies ditution 1:200,
Pharmingen, San Diego, USA), monocytes and macrophages {AlA 31240 macrophage
staining dilution 1:3000, Accurate Chemical, Wesbury, USA) and cells expressing fumor
necrosis factor alpha (tumor necresis factor alpha staining dilution 1:200, Biolegend,
San Diego, CA, USA) and monocyte chemotactic protein-t (monocyte chemotactic
protein~-1 staining dilution 1:100, Santa Cruz Biotechnology, inc., Santa Cruz, CA, USA)

in the cuffed femoral arieries,
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Resulis

Vascular compaosition of cuffed femoral artery lesions

The percentage of the total number of cells atlached fo the endothelium identified as
lsukocytes was significantly decreased by 71.3% (p=0.015) to 9.69+8.8% in the
recombinant human annexin A5 ireated group in comparison ic the vehicle group
(34.243.0%). The percentage of the totai number of cells in the media identified as
leukocytes was significantly decreased by 88.0% (p=0.031) o 6.1£2.8% in the
recombinant human annexin A5 treated group in comparison to the vehicle group
(19.55+4.6%) (Figure 1). '

Monocvies and macrophages

The percentage of the total number of cells attached to the endothelium identified as
macrophages was significantly decreased by 51.4% (p=0.014) to 11.842.3% in the‘
recombinant human annexin A5 {reated group in comparison to the vehicle group
(24.5+3.5%). The percentage of the total number of cells in the media identified as
macrophages was significantly decreased by 87.3% (p=0.018) to 1.8+0.8% in the
recombinant human annexin A5 tréaied group in comparison fo the vehicle group
(14.2£5.5%) (Figure 2).

The percentage of the total number of celis atiached to the endothelium identified as
cells expressing MCP-1 such as inflammatory celis and SMCs was significantly
decreased by 31.0% (p=0.003) to 33.9%£3.1% in the recombinant human annexin A5
treated group in comparison to the vehicle group (48.1x2.2%). The percentage of the
sotal number of cells in the media identified as cells expressing MCP-1 was significantly
decreased by 52.7% (p=0.001) to 14.7+2.8% in the rscombinant human annexin AS
treated group in comparison to the vehicle group (31.1£1.8%) (Figure 3). The‘ number of
cells expressing TNFo was also significanily reduced in the ireatment group as

comparad to the control group.

Conglusion

These experiments demonsirate clearly the anti-inflammatory effects of annexin AS in
this model of inflammation driven vascular disease. Inﬂamma:tion (measured as
accumulation of leucocytes in the vessel wall) was markedly inhibited by annexin A5
treatment.  Furthermore, annexin A5 could also significantly reduce the number of

inflammatory cells that were activated, as fewer cells were staining positive for the pro-
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inflammatory cyiokine MCP-1. The results strongly support that annexin A5 is an
effective freatment for the prevention of restenosis following balloon angioplasty (with or
without stent placement)

Example 4: Mouse vein graft model — experimental results

Vein grafting, the bypassing of a stenosed vascular segment, is a method fo restore bloed

flow to an organ that has become ischaemic. The most common application is the

placement of a so called coronary artery bypass graft {CABG). Today this procedure is
common to restore blood fiow fo ischaemic myocardium in patients where the location of
the stenosis is not suitable for catheter based intervention. When a vein graft is pfaced in
the arterial circutation, its morphology will adopt fo the higher blood pressure and blood flow
rates in the arterial circulation. Although this procedure is effective, and has rescued many
individuals with coronary heart disease, it is associated with a risk of restencsls, a process
where the grafted vein develops a neointima that will obstruct blood flow. We investigated if
annexin A3 can affect neointima formation in a mouse model of CABG. in this experiment,
which had a duration of 28 days, we used both human and murine annexin A5. This is
hecause a human protein may give rise fo a non-specific immune reaction in mice that

might mask an eventual treatment effect.

Experimental
Male ApoE*3 lLeiden mice were fed a cholesterolrich high-fat diet to induce

hypercholesterolemia. The diet contained 0.08% cholate (fo improve intestinal cholesterol
uptake and suppress bile acid synthesis, both leading fo increased plasma cholesterol
levels) and 1% cholesteral (as well as 20% casein, 1% choline chioride, 0.2% methionine,
15% cocoa butter, 40.5% sucrose, 10% comstarch, 1% corn oil, 5.1% celiulose and 5.1%
minaral mixture). They recsived the diet three weeks priof to surgery and the dist was
continued throughout the entire experiment. The mice were given drinking water that was
acidifisd to pH 2.8 with HCI. All animals received food and water ad /ibifum during the entire

expetiment.

Treatment
In this study experiments were performed with three different treatment groups. The groups

were 2s foliows: _
- Gontrol group, receiving vehicle only (phosphate buffered saline (PBS)) and undergoing

vein graft surgery.
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- Treatment group |, undergoing vein graft surgery and receiving recombinant human
annexin A5 at a concentration 1 mg/kg/day via intraperitoneal injection, starting on the day
of the surgery.
- Treatment group I, undergoing vein graft surgery and receiving recombinant murine
annexin A5 at a concentration 1 mgfko/day via iniraperitoneal injection, starting on the day
of the surgery.

Surgical procedure of vein grafting

Mice were anesthetized before surgery by intraperitoneal administration of a combination of
Midazolam, Medetomidine and Fentanyl. This cocktail of anaesthetics gi-ves complete
narcosis for at least one hour, After shaving the neck area and disinfecting the surgery area
with aicohol (70%) a longitudinal 1 cm incision was made in the frontal side of the neck.
The right common carotid artery was dissected free from its surroundings from the
hifurcation at the distal end towards the proximal end. The vessel was ligated twice with an
8.0 silk ligature (B/BRAUN, Tuttlingen, Germany) and dissected between the middie fies. A
cuff was placed over both ends after which these were everted over the cuffs and ligated
with an 8.0 silk figature. Littermates were used as doner for the inferior caval vein. The
carefully harvested inferior caval vein was temporarily preserved in a 0.9% NaC! solution,
comiaining 100 Uimi of heparin at 4 °C, fo prevent coagulation and was interpositioned
between the ends of the artery. The connections were ligated together with an 8.0 silk
suture.  Pulsations confimad successful engrafiment.  After surgery, anaesthesia was
antagonized subcutaneously with Atipamezol (2.5 mg/kg, Roche, Woerden, The
Netheriands) and Flumazenit (0.5 mg/kg Orion, Espoo, Finland). Animals were placed in a
clean cage on top of a heating pad for at least 4 hours.

Sacrifice of the animals

Sacrifice was performed as described in Example 3, except that the vein graft, rather
than the cufied artery, was harvestsd, fixed, secﬁoned and stained.

Blood sampliing

Blood sampling and cholesterol and total trigiyceride anaiyses were performed as
describad in Example 3.

Analysis of veln graft thickening

Vein graft thickening was quantified using 6 equally spaced perpendicular cut serialt

sections of the vein graft.
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Leukocvies

The vascular composition was analyzed by immunocytochemistry and histomorphometric
analysis. Leukocytes were identified by reactivity to anti-CD45 antibodies (Pharmingen,
San Diego, USA) and were quantified as number of positive cells per high power field.

Results

Vein graft thickening
To study the role of annexin A5 on vein graft thickening, recombinant human or murine

amnexin A5 (1 mglkg, dissolved in 150 pl vehicle) was administered daily via intraperitoneal
injection 1o the different groups (n=10 mice per group). A vehicle only group was used as
control group (n=10 mice). Mean vein graft thickening, by measurement of the area
between the lumen and adventitia, was quantified for each group 28 days after surgery.
Vein graf thickening was significantly decreased by 48% to 0.13:0.01 mm? (p=0.006) and
by 40% t6 0.15+0.01 mm? (p=0.018) in recombinant human and muring annexin A5 treated
groups, in comparison to the vehicle group (0.25+0.05 mm?) (Figure 4).

A larger luminal area was seen in the recombinant human (0.44x0.03 mm?, p=0.126) and
murine (0.412£0.04 mm?, p=0.888) annexin A5 treated groups, in comparison to the vehicle

- group {0.38£0.03 mm?®).

Leukocytes

The number of leukocytes in the vein -graft wall was counted after 28 days as a marker of
inflammeation and resulted in a significant decrease in the number of leukocytes of 45.8% in
the recombinant human annexin A5 (28.8:2.3 cells, p=0.003) and of 41.8% in the
recombinant murine annexin A5 (30.8£3.0 cells, p=0.025) treated groups in comparison to
the vehicle group (563.1+8.1 cells) (Figure 5).

Conclusion

The rapid development of a neointima in vein grafis is a clinical problem resulting in
restenosis, i.e. the lumen of the grafted vein becomes reduced and blood flow restricted.

_ This study clearly shows that annexin AB freaiment, using either human of murine annexin

A5, effectively reduced the necintima growth in the vein grafts, and prevented lumen
narrowing. The rapid development of a neointima is an inflammation driven process, and it
is likely that the beneficial effects of annexin A5 were linked to the anti-inflammatory effects

of the treatment (seen as a reduction in Jeukocyte accumulation in the grafts, and as shown
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in example 3). Both hurnan and murine annexin A5 yielded simitar resullts, showing that
human annexin A5 did not frigger any non-specific immune reaction in the mice that could
have masked the treatment effects. The results strongly support that annexin A5 is an
effective treatment for the prevention of vein graft restenosis.

All of the compositions and/or methods disciosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied
o the compositions and/or methods and in the steps or in the sequence of steps of the
method described herein without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain agents which are both
chemically and physioiogically related may be substituted for the agents described herein
while the same or similar results would be achisved. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the- spirit, scope
and concept of the invention as defined by the appended claims.
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What is Claimed:

1. Use of Annexin A5 or a functional anaiogue or variant thereof in the manufacture
of a medicament for the prophylaxis or treatment of restenosis.

2. The use according to claim 1, wherein the restenosis is associated to0 a bypass
graft.

3. The use according to claim 1, wherein the restenosis is associated to a catheter
based intervention.

4. The use of any one of Claims 1 to 3 wherein the restenosis is associated with the
implantation of a stent.

5. Use of Annexin A5 or a functional anaiogue or variant thereof in the manufacture
of a medicament for the treatment of sienosis in a patient, wherein the patient is subject
to an intervention for the treatment of stenosis and the Annexin A5 or functional
analogue or variant thereof is for administering in conjunction with the intevention.

G. The use of Claim 5 wherein the intervention for the treatment of stenosis is a
surgical infervention, such as bypass grafting.

7. The use of Claim 5 wherein the intervention for the treatment of stenosis is a
catheter-based intervention, such as balloon angioplasty with or without implantation of a
stent and with or without atherectomy. '

8. = The use of any one of the preceding claims wherein the therapeutically effective
amount of Annexin AS or a functional analogue or variant thereof is to be administered
parenierally, intravenously, inira-arterially, intra-peritoneally, intra-musculary,
subcutaneously or is administered locally from a drug eluting stent.

9. The use of any one of the preceding ciaims wherein the Annexin A5 or the
functional analogue or variant thereof is {o be administered in conjunction with a
thrombolytic therapeutic such as aspirin, clopidogrel, triciopidine, tissue plasminogen
activator, urokinase, or a bacterial enzyme.
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10. The use of any one of the preceding claims wherein the Annexin A5 or the

functional analogue or variant thereof is selected from:

‘a) human Annexin A5 {(SEQ D NO:1);

b) a mammalian orthologue of human Annexin A5;

c) an allelic or genetic variant of a) or b);

d} a functional analogue of Annexin which is a protein which is more than 50%,

more than 75%, such as more than 80%, more than 90%, or even more
preferably more than 95% identical to human Annexin A5, SEQ 1D NO:1;

e) a dimer of, or fusion protein comprising, any of a), b), ¢) or d); and

f) a PEGylated variant of any of a}, b), ¢}, d} or e).

11. A pharmaceutical composition comprising a therapeutically effective amount of
Annexin A5 or a functional analogue or variant thereof for the prophyiaxis or treatment of

resienosis.

12.  The pharmaceutical composition according to claim 11 intended for parenteral,
intravenous,  intra-arterial, intra-peritoneal, infra-muscular or subcutaneous

administration, or local administration from a drug eluting stent.

13.  The pharmaceutical composition according to claim 11 or 12 wherein the Annexin

A5 or the functional analogue or variant thereof is selected from:

a) human Annexin A5 (SEQ 1D NO:1);

b) a mammaiian orthologue of human Annexin A5;

) an allelic or genetic variant of a) or b);

d) a functional analogue of Annexin which is a protein which is more than 50%,

more than 75%, such as more than 80%, more than 90%. or even more
preferably more than 5% ideniical to human Annexin A5, SEQ ID NO:1;

e) a dimer of, or a fusion protein comprising, any of a), b), ¢) or d); and

f) a PEGylated variant of any of a}, b), ¢), d) ore).

14. A drug eluting stent, wherein the drug is Annexin A5 or a functional analogue or
variant thereof.

15. The drug eiuting stent of claim 14 wherein the Annexin A5 or the functional
analogue or variant thereof is selected from:
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a) human Annexin A5 {(SEQ ID NO:1),

b) a mammalian orthologus of human Annexin AS;

c) an allelic or genetic variant of a) or b);

d) a functional analogue of Annexin which is a protein which is more than 50%,

more than 75%, such as more than 80%, more than 90%, or even more
preferably more than 85% identical to human Annexin A5, SEQ ID NO:1;

g) a dimer of, or a fusion protein comprising, any of a), b), o) or d); and

) a PEGylated variant of any of a), b}, ¢}, d) ore).

16. A method for making a stent for delivering Annexin A5 or a functional analogue or
variant thereof io a patient, the method comprising incorporating Annexin AS or a

functional analogue or variant thereof into or onte a stent body.
17. A method according to Claim 186 the method comprising:

a) providing a stent body having a surface; and
b) applying & coating over at least a portion of said surface, wherein said coating
comprises Annexin A5 or a functional analogue or variant thereof.

18. A method according to Claim 18, the method comprising molding a stent from a
composition comprising a polymer and Annexin A5 or a functional analogue or variant

thersof,

19. A method according to any one of Claims 18, 17 or 18 wherein the Annexin AS or
the functional analogue or variant thereof is selectad from:

a) human Annaxin A5 {SEQ ID NO:1);

b) a mammalian orthologue of human Annexin A,

c) an alielic or genetic variant of a) or b);

d) g functional analogue of Annexin which is a protein which is more than 50%,

more than 75%, such as more than 80%, more than 80%, or sven more
preferably more than 95% identical to human Arinexin A5, SEQ ID NO:1;

a) a dimer of, or a fusion protein comprising, any of a), b}, ¢) ord); énd

) a PEGylated variant of any of a), b}, ¢}, d) ore).
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Val
Tle
125
Val
Leu
Glu
Thr
His

205

Tle

Gly

Gly

Ser

Gly

Glu

Tyx

Leu

110

Lys

val

Gln

Gln

Asp

120

Leu

Glu

Phe
15

Leu
Asn

Arg

Lys

Gly
Ela
Asp
175
Glu
Rrg

Glu

Asp

Gly

Ala

Asp

Ley

80

Leu

Glu

val

Asn
160
Ala
Glu

Lys

Thx




10

15

Ile

225

Val

Tyr

Met

Arg

Ser
305

Asp

Lys

Ala

Val

Lys

280

Gly

Arg

Ser

Met

Ser

275

Asni

Asp

Glu

Ile

Lys

260

Arg

Phe

Tyr

Thr

Arg

245

Gly

Ser

Ala

Lys

Ser

230

Ala

Glu

Thr

Lys
310

Gly

Tle

Gly

Tle

Ser

285

Ala

Asn

Pro

Thr

Asp

280

Leu

Leu

Leu

Ala

ASP

265

Leu

Leu

Glu

Tyr

250

Asp

Phe

Ser

Lzu

Gln

235

Leun

His

Asn

‘Met

Leu
315

Leu

Ala

Thr

Ile

Ile

300

Cys

PCT/GB 2009/ 000 45¢

Leu
Glu
Leu
Arg
285

Lys

Gly

Leu

Thr

Ile

270

Lys

Ala

Leu

255

Arg

Glu

Asp

Asp

Phe

Thr

Asp
32C




