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Compounds and methods for the treatment of vascular disease

Field of the invention

The invention relates tc novel methods and compositions for the treatment of vascular
dysfunction in patients, such as those suffering from conditions including angina pectoris,
ischaemic heart disease, peripheral artery disease, systolic hypertension, migraine, type 2

diabetes and erectile dysfunction.

Background to the invention
The Lsting 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 or is common general knowledge.

Angina pectoris (‘tight chest’) is chest pain due to lack of oxygen in the myocardium. The

lack of oxygen is normally due to ischaemia, a reduction in blood supply (and, hence,
oxygen supply) to the myocardium. Normally this ischasmia is caused by atherosclerotic
plaques in the coronary vessels, but it can also be caused by a local spasm in the coronary
vasculature. Other rare causes can be valve disease, severe anemia, aortic stenoses and
tachyarrythmias. Angina pectoris is divided into effort angina, angina triggered by
phiysical and/or mental exertion; spasm-angina (variant or Prinzmetal’s angina), sudden
angina without correlation to a specific situation; and syndrome X, typically an effort
related angina but without overt stenosis on angiography. An angina attack normally has a
duration of 1 to 5 minutes. If attacks occur at rest, or have & duration exceeding 15
minutes, the disease is referred to as unstable angina and is associated to imminent risk of
a cardiovascular event. The condition is classified as unstable angine also when stable
angina symptoms are worsened. Unstable angina belongs to the Acute Coronary
Syndrome (ACS) and is a critical condition. A myocardial infarction is normally caused
by almost complete absence of blood supply to a part of the myocardium, normally
caused by the ropture of a coronary atherosclerotic lesion with a subsequent formation of

an occluding thrombus,

Peripheral arterial disease (PAD) is a condition with similarities to angina pectoris, but is

present in peripheral arteries, normally the lower extremities. Ischaemic pain is common
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in these patients, and is also normally associated to physical activity. The pain, or
cramping sensation, ofien experienced as a result of physical exercise in PAD patients is

normally referred o ag intermitfent claudication.

Endothelium in Cardiovascular (CV) disease. Vascular dysfunction, in a general sense,
characterises most CV disease states, and often mvolves altered endothelial function. The
endothelium is the inmermost cell layer in all blood vessels. It is the body’s largest
endocrine glend, and secretes a number of important factors controlling the circulatory
system. Several recent studies have shown that ‘endothelial dysfunction’ is related to an
increased risk for CV events [1]. ‘Endothelial dysfunction’ is normally measured as a
loss of endothelfum mediated dilatation, the capacity the endothelium has to dilate blood
vessels in response to certain stimuli [2]. There are several ways to measure endothelium
mediated dilatation, the most common is dilation of the brachial artery during hyperemia,
flow mediated vasodilatation (FMD) [3]. Using such measurements of endothelium
mediated dilatation it is shown that vascular function is hampered in individuals suffering

from atherosclerosis related diseases (hypertension, hyperlipidemia, diabetes) {4, 5].

The release of Nitric Oxide, NO, from the endothelium is a key event in endothehum
mediated dilatation [61. The key enzyme in the generation of NO is endothelial nitric
oxide synthase, eNOS. It has been mostly studied in direct conjunction to the regulation
of the vascular system (thrﬂmbosis/haemostasis, bioed flow regulation and blood vessel
growth), but it is also related to the development of atheroscleresis as well as insulin
resistance and/or type 2 diabstes (T2DM). For example, mice deficient in eNOS are more
prone to become atherosclerotic than mice with normal eNOS function and are also

insulin resistant [7].

Normalisation of vascular (dys-)function I an arterial disease state, measured as
restoration of normal endothelivm mediated dilatation, may or may nof be the resalt of
ingcreased release of NO from the endothelium. Vascular dysfunction may, or may not,
result from reduced sensitivity of arterial smooth muscles to the NO and/or may, or may
not, result from increased metabolism of the NO that is generated. Other mechanisms can
also alter vascular function in arterial disease; for example, it is well known that during

vagoular inflammation the formation of pro-inflammatory and vasoconstrictor substances

are increased, and this could offset vasodilatory effects, such as those caused by NO.
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Endothelium in anging pectoris and peripheral arterial disease. When acetyicholine is
administered inte coronary arteries, it triggers the release of NO from the coronary
endothelium, which In tun causes dilatation of the coronaries (endothelium médiated
dilatation). When this procedure was performed in patients with coronary artery disease,
they responded with a ‘paradoxical vasoconstriction’ {8]. Since then, it has been shown
that there is an inappropriate loss of endothelium mediated dilatation in patients suffering
from any form of angina pectoris [9, 10], and that this altered function is an important

contributor to myocardial ischaemia and, hence, angina pain in these patients.

PAD (normally measured as the reduction in arﬂ{}embracmal index (ABI} due to stenosing
atherosclerotic lesiong) is also characterized by a reduction in endotheliumn mediated
dilatation [11]. In patients where the disease is symptomatic (intermittent ciaudication) the
reduction in endothelium mediated dilatation is greater than in non-symptomatic patients

[121.

Systolic hypertension is an important disease in ageing populations, and is normally
associated to increased stiffness of the central arterial compartment [13]. It is also shown
that NO reduces stiffness [14], and an agent that can restore reduced endothelium
mediated dilatation to normal in a patient with systolic hypertension can thus be of

therapeutic value,

Another interesting observation is that patients suffering from migraine also have
impaired endothelium mediated dilatation, and it was suggested that vascular vasomotion
abnormalities can be an important pathophysiological factor in migraing {15, 16]. K is in
this context interesting that a mwtation in the eNOS gene that is associated to loss of
function {17} and is associated to increased risk for CV evenis [18-20], is also associated

to migraine [21].

In yet another aspect of the role of endothelium and NO in disease, erectile dysfunction is
also associated with mpaired endothelium mediated dilatation {221, and resioring normal

endothehium mediated dilatation may also tmprove etectile dysfunction.
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From the above summary, it becomes evident that restoring normal endothelial control of
vascular tone by normalising endothelial NO metabolism is a therapeutic opportunity in

disease conditions where endothelivm mediated dilatation is reduced.

As described above, endothelium mediated dilatation is an important factor in the
development of arterial disease. It is also well known that these diseases are also linked to
alterations in the haemostatic systern, and that vascular inflammation is associated to a

state where there is increased risk for arterial thrombus formation.

Apnexin A5 is an endogenous protein that binds to charged phospholipids such as
phosphatidylserine (PS) [23]. Annexin AS is a potent anti-thrombotic agent [24], and it is
proposed that Annexin A5 by binding to exposed PS can form a ‘protective shield’ that
can inhibit the effects of PS on thrombosis formation [25]. It is interesting in this context
that in patients with auteimmune disorders such as APS and/or SLE, there are antibodies
in the plasma that can reduce the binding of Annexin AS to PS on e.g. endothelial cell
surfaces, thereby increasing PS exposure. This finding may explain why these patients are
at a higher risk for thrombotic events than the general population [23]. Very interestingly,
there was a significant reduction in Annexin AS binding capacity to endothelial cells of
serum from controls to SLE patients that had not suffered thrombotic events to SLE
patients that had suffered such evenis [26].

It has been shown that in addition to anti-platelet and anti-coagulant effects of Annexin
A3, this protein and an anzlogue thereof, the Annexin AS dimer diannexin, is effective in
preventing against reperfusion injury in the liver [27], and # improved the outcome of rat
liver transplants {28]. Interestingly, in both these studies the treatments were associated
with a reduced inflammatory activity in the hepatic endothelium, measured as reduced
expression of adhesion molecules. It was suggested that diannexin improved the survival
of the liver transplants by an anti-thrombotic effect leading to maintained blood supply to

the liver [28].

It has earlier been suggested that Annexin A5 can be used to stabilise atherosclerotic
Jesions in coronary arieries in patients, which should reduce the risk for myocardial
infarction in these patients ([26]; WO 2005/099744),
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Summary of Invention

In one aspect, there is provided the use of a therapeutically effective amount of Annexin
A5 or a functional analogue or variant thereof in the manufacture of a medicament for use
in the treatment of vascular dysfunction associated with impaired endothelium mediated
vasodilatation, a reduced endothelial nitric oxide synthase (eNOS) activity, and/or a
reduced nitric oxide {(NQ) bioavailability, wherein the functional analogue or variant of
Annexin AS comprises a protein which is more than 90% identical to human Annexin AS,
SEQ ID NO:1.

In another aspect, there is provided the use of Annexin A5 or a functional analogue or
variant thereof in the manufacture of a medicament for use in reducing ischemic pain,
wherein the functional analogue or variant of Annexin AS comprises a protein which is
more than 90% identical to human Annexin A5, SEQ ID NO:1.

In a further aspect, there is provided the use of a therapeutically effective amount of
Annexin A5 or a functional analogue or variant thereof in the manufacture of a

medicament for use in reducing the risk of the onset of acute myocardial infarction
(AMI).

In yet a further aspect, there i1s provided the use of Annexin A5 or a functional analogue
or variant thereof in the manufacture of a medicament for use in reducing the risk of the

onset of acute myocardial infarction (AMI).

In another aspect, there is provided the use of a therapeutically effective amount of
Annexin A5 or a functional analogue or variant thereof in the manufacture of a
medicament for use in the treatment, prevention, or reduction of risk of onset of a vascular
disease that is associated with impaired endothelium mediated vasodilatation, a reduced
eNOS activity, and/or a reduced NO bioavailability, wherein the functional analogue or
variant of Annexin A5 comprises a protein which is more than 90% identical to human
Annexin A5, SEQ ID NO:1.

4a
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Brief description of the drawings

Figure 1. Annexin A5 restore endothelium mediated vasodilatation

Representative recordings of blood pressure in a control apoE™ mouse (upper trace) and
an Annexin AS treated mouse (lower trace). Metacholine was injected as indicated by the
dotted line. Panels to the right with previous administration of the inhibitor of eNOS, I+
NAME.

Figure 2. Summary of the effects of Annexin A5 on endothelium mediated vasodilatation
measured as blood pressure.
The bars show mean arterial pressure before (basal) and 3 minutes after the administration

of metacholine in untreated and Annexin A5 treated mice, respectively.

Figure 3. Summary of the effects of Annexin A5 on metacholine induced changes in
systolic and diostolic blood pressure.

Metacholine was injected at time 0 in either control (—®&-—) or Annexin AS treated
atherosclerotic mice (8.}, Effect on systolic (A) and diastolic (B) blood pressure is

shown.
Description of the invention

Here we show that Annexin A5 can restore normal endothelium mediated vasodilatation
in atherosclerotic mice, by a NO dependent mechanism. Thus, Annexin A3 or analogues
thereof provide a new treatment modality with anti-ischaemic effects that can normalise
vasomotion abnormalities in diseases where this abnormality is due to & hampered eNOS
function or NO bicavailability. There are no previous reports to show that Annexin A3
has anti-ischaemic properties. Such diseases include, but are not limited to, angina
pecioris, ischasmic heart disease, peripheral artery disease, systolic hypertension,

migraine, type 2 diabetes and erectile dysfunction.

In a first aspect the invention provides a method for the treatment of vascular dysfunction

and/for for restoring vascular function comprising administering & therapeutically effective
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amount of Annexin AS or a functional analogue or variant thereof to a patient in need of

such treatment.

Put another way, the first aspect of the presen’t_invention provides Annexin A5 or a
functional analogue or variant thereof for use in the treatment of vascular dysfunction

and/or for restoring vascular function.

In one embodiment, a patient may be said to suffer from vascular dysfunction if the
patient displays a reduced ability to respond to a vasodilating stimulus (optionally, when
the mean average response of the patient is assessed over multiple, suchas 2, 3,4, 5, 6, 7,
8, 9 or 10, repetitions of the test) compared to the mean average ability of a control group
(10 healthy age-matched, and sex-matched, individuals, optionally wherein each member
of the control group is assessed cover muitiple, such as 2, 3, 4, 5, 6, 7, §, 9 or 10,
repetitions of the test) to respond to the same dosage of the vasodilating stimulus.
Suitable vasodilating stimuli that may be used in this assessment include stimuli selected
from the group consisting of metacholine, acetylcholine, increased blood flow rate, an
NO-generating compound such as nitroglycerine, or a functional test such as an exercise

test frequently used in angina patients.

The ahility of an individual to respond to & vasodilating stimulus can be assessed by
measuring the change in vasodilation caused by the administration of the vasodilating
stimulus by intravenous, intra-arterial, sublingual, oral or subcutaneous administration
(where the vasodilating stimulus is an agent to be administered to the test subject) or by

measuring the response fo a functional test, such as an exercise test.

Methods to measure changes in vasodilation are known in the art, and the most
apprcpriate method will be chosen depending on the nature of the vascular dysfunction

and/or the type of vasodilating stimulus vsed.

A commeon way to measure vasodilation in a test subject, for the purposes of agsessing
vascalar dysfunction, is to measure flow mediated dilatatiqn of the brachial artery
following ischaemia induced by a cuff on the upper arm [3]. Previcus reports of using
this technique have shown that, typicaily, post-ischaemic hyperemia causes an increase in

brachial artery diameter by approximately 10 % in the young and healthy individual,
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whereas in a CVD patient or a type 2 diabetic patient, this response may be e.g. 2-4 % or
even completely absent. The response can be almost compiletely inhibited by the

administration of an inhibitor of the NO generating enzyme such as WNAME,

Alternatively, vasodilation in the resistance arteries of a test subject (e.g. arteries in the
lower arm and/or hand) can be measured as changes in blood flow using the art-known
technique of plethysmography. In this experimental setting, the vasodilating stimulus
could optionally be a local (such as, an intra-arterial) administration of a vasodilating

substance, such as acetylcholine.

Coronary vascular function can be assessed by an exercise test such as a bicycle exercise
test or a treadmill walk test. In this situation, cardiac ischaemia is measured by changes in
the cardiac electrocardiogram (ECG), and/or as the amount of physical work a subject can

perform before ischaemic pain (angina) occurs.

Alternatively, large coronary artery function can be evaluated by the local injection of a
vasodilating compound during cardiac catheterisation, and the response is evaluated by

coronary angiography.

Thus, a patient suffering from vascular dysfunction may display an ability to respond to a
vasodilating stimuhss that is, at most, 95%, 90%, 83%, 80%, 70%, 60%, 50%, 40%, 30%,
20%, 10% or less than the to the mean average ability of the confrol group to respond to

the same dosage of the vasodilating stimulus.

Patients suffering from diseases such as angina pectoris, ischaemic heart disease,
peripheral artery disease, systolic hypertension, migraine, type 2 diabetes and erectile

dysfunction commonly display vascuiar dysfunction.

Thus, vascular dysfunction may be freated and/or vascular function restored hy
administering a therapeuticaily effective amount of Annexin AS or a functional analogue
or variant thereof to a patient in need thereof. A therapeutically effective amount of
Annexin A5 or & functional analo gue or variant thereof, when used in a method according
to the present invention to treat vascular dysfunction and/or restore vascular function, can

be assessed either by —
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(i)

monitoring the response, to a vasodilating stimulus, of a patient suffering from
vascular dysfunction, and comparing the observed response before, and then after

treatment with Annexin A5 or a functional analogue or variant thereof; and/or

monitoring the response, to & vasodilating stimulus, of a patient suffering from
vascular dysfunction that has been treated with Annexin A5 or a functional] analogue
or variant thereof, and comparing the observed response to the mean average ability
of the control group of healthy individuals (as defined above, wherein the members
of the control group have not been treated with Annexin A5 or a functional analogue
or variant thereof) to respond to the same dosage of the vasodilating stimulus;

and/or

monitoring the tesponse, to a vasodilating stimulus, of a patient suffering from
vascular dysfunction that has been treated with Annexin A5 or a functional analogue
or variant thereof, and comparing the observed response to the mean average ability
of a control group of condition-matched individuals (10 condition-matched, age-
matched, and sex-matched, individuals, optionally wherein each member of the
control group is assessed over multiple, such as 2, 3, 4, 5, 6, 7, 8, 9 or 10, repetitions
of the test), wherein the members of the control group have not been treated with
Annexin A5 or a functional analogue or variant thereof, to respond to the same

dosage of the vasodilating stimulus.

The ability of an individual to respond to a vasodilating stimulus can be assessed by

measuring the change in vasodilation caused by the administration of the vasodilating

stirnetus as set out above.

Where the therapeutic effect of the Annexin A5 or a functional analogue or variant thereof

is determined as in (1) above, then the level of vasodilating stimulus-induced

vasodilatation achieved in the patient prior to treatment with Annexin A5 or a functional

analogue or variant thereof may be improved by at least 10%, 20%, 30%, 40%, 50%,

60%, 70%, 80%, 85%, 90%, 95% or at least 100% or even higher values, such as at least

150%, 200%, 250%, 300% or more, by treatment with a therapeutically effective amount

of Annexin AS or a functional analogue or variant thereof in accordance with the present

8
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inventior, compared to the pre-treatment level of wvasodilating stimulus-induced

vasodilatation achieved in the patient.

Where the therapeutic effect of the Anmexin AS or a functional analogue or variant thereof
is determined as in (i) above, then the level of vasodilating stimulug-induced
vasodilatation achieved in the patient following treatment with Amnexin AS or a
functional analogue or variant thercof may be improved to a level that is at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, &0%, 85% 50%, 95%, 98%, 99%, substantiaily abouf
100% or more compared to the mean average level of vasodilating stimulus-induced

vasodilation observed in the control group.

Where the therapeutic effect of the Annexin A3 or a functional analogue or variant thereof
is determined as in (iii}) above, then the level of vasodilating stimulus-induced
vasodilatation achieved in the patient following treatment with Amnexin AS or a
functional analogue or variant thereof may be improved to a level that is af greater than
100%, such as at least 150%, 200%, 250%, 300%, or more, compared to the mean

average level of vasedilating stimulus-induced vasodilation observed in the control group.

The wvascular dysfunction may be associated with impaired endothelium mediated
vasodilatation and/or may be associated with a reduced eNOS activity and/or a reduced

NO bioavailability.

The present invention also provides, as a second aspect, a method for reducing ischemic
pain, such as angina pectoris or pain associated with peripheral arterial disease (PAD), by
administering a therapeutically effective amount of Annexin A5 or a functional analogue

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

Put another way, the second aspect of the present invention provides Annexin A5 or a

Tunctional anslogue or variant thereof for use in reducing ischemic pain.

The patierit treated by the first or second aspect of the invention may, or may not, be a
subject suffering from a disesse selected from angina pectoris, ischaemic heart disease,

peripheral artery disease, systolic hyperteﬁsion, migraine, type 2 diabetes and erectile
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dysfunction, and thus the vascular dysfunction and/or ischemic pain may be associated

with any one or more of these diseases.

Where the patient is suffering from angina pectoris, it may, or may not, be caused by any
one of atherosclerotic plaques in the coronary vessels, local spasm m the coronary
vasculature, valve diseése, severe anaemia, aorfic stenoses, and/ or tachyarrythmias. The
patient may, or may not, be suffering from effort angina, spasm-angina (variant or
Prinzmetal’s angina), sudden angina, or syndrome X. The patient may, or may not, be

suffering from stable, or unstable, angina.

Treatment of vascular dysfunction andfor restoring vascular fupction in patients with
conditions such as angina pectoris it accordance with the present invention may also
reduce the risk of the onset of acute myocardial infarction {AMI) and its following
complications such as those listed by the international classification of disease (ICD) at
http:/fwww. who.int/classifications/apps/icd/icd1 Oonline/, under category 123 which
inclodes haemopericardium following AMI (123.0), atrial septal following AMI
(123.1),ventricular septal defect following AMI (I123.2), rupture of cardiac wall without
haemopericardivm following AMI (123.3), rupture of chordas tendineae following AMI
(123.4), rupture of papillary muscle following AMI (123.5), thrombosis of atrium,
auricular appendage, and ventricle following AMI (123.6) and other current complications

following AMI {123.8).

Where the patient is suffering from ischemic heart disease, the patient may, or may not,

suffer from atherosclerosis, or angina without overt atherosclerosis.

The patient may, or may not, be a human. The patient may, or may not be a non-human
animal, such as a domestic animal (for example, catl, dog, rabbit, cow, sheep, pig, mouse

or other rodent).

In a third aspect, the invention provides a method for the treatment, prevention, or
reduction of risk of onset of a vascular disease comprising administering & therapeuticaily
effective amount of Annexin A5 or a functional analogue or variant thereof to a patient in

need of such treatment.

16
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Put another way, the third aspect of the present invention provides Annexin A5 or a
functional analogue or variant thereof for use in the treatment, prevention, or reduction of

risk of onset of a vascular disease.

The vascular disease treated by the third aspect of the invention can be associated with
impaired endothelium mediated vasodilatation, reduced eNOS activity and/or reduced NO
bicavailability. The vascular disease treated by the third aspect of the invention may, or
may not, be a disease selected from angina pectoris, ischaemic heart disease, peripheral
artery disease, systolic hypertension, migraine, type 2 diabetes and erectile dysfunction,
such as those conditions discussed above in more detail in respect of the first and second

aspects of the invention.

Treatment of conditions such as angina pectoris in accordance with the present invention
may also reduce the risk of the onset of acute myocardial nfarction (AMI) and its
following complications such as those listed by the international classification of disease
(ICD) at hitp:/fwww, who.int/classifications/apps/icd/icd10online/, under category 1.23
which includes haemopericardium following AMI (I123.0), atrial septal following AMI
(123.1),ventricular septal defect following AMI (I123.2), rupture of cardiac wall without
haemopericardium following AMI (123.3), rupture of chordae tendineae following AMI
(123.4), rupture of papiliary muscle following AMI (I123.5), thrombosis of atrium,
auricular appendage, and ventricle following AMI (123.6) and other current complications

following AMI (123.8).

Thus, the third aspect of the present invention includes a method for reducing the risk of
ouset of AMI or its following complications by the treatment of a vascular disease
comprising administering a therapeutically effective amount of Annexin AS or a

functional analogue or variant thereof to a patient.

The AnnexinAS3 or the functional analogue or variant thereof can be administered in
conjunction with (that is, separately, simultaneously, or sequentiaily with) one or more
further active ageni(s), such as —

s a thrombolytic therapeutic, such as tissue piasminogen activator, urokinase, or a

bacterial enzyme,

i1
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« an antiplatelet agent, such as aspirin or clopidogre! (Plavix), and/or

e nitroglycerin and/or morphine,

In a fourth aspect, the invention provides a pharmaceutical composition comprising a
therapeutically effective amount of Ammexin A5 or a fiunctional analogue or variant
thereof for the treatment of a vascular disease selected from angina pectoris, ischaemic
heart disease, peripheral artery disease, systolic hypertension, migraine, and erectile
dysfunction, as discussed above in respect of the first and second aspect of the invention.
The vascular disease can be associated with (in other words, a patient with the vascular
disease may display) impaired endothelivm mediated vasodilatation, a reduced eNOS

activity and/or a reduced NO bioavailability.

In a fifth aspect, the invention provides a pharmaceutical composition comprising a
therapeutically effective amount of Annexin A5 or & functional analogue or variant
thereof for the treatment of a vascular dysfunction and/or restoring vascular function. The
vascular dysfunction can be associated with (in other words, a patient with the vascular
dysfunction may display) impaired endothelivm mediated vasodilatation, a reduced eNOS
activity, and/or a reduced NO bioavailability, The vascular dysfunction can be associated
with a disease sclected from angina pectoris, ischacmic heart disease, peripheral artery
disease, systolic hypertension, migraine, type 2 diabetes and erectile dysfunction, as

discussed above in respect of the first and second aspect of the invention.

A pharmaceutical composition according to the fourth or fifth aspects of the invention
may thus comprise Annexin AS or a functional analogue or variant thereof in admixture
with a pharmaceutically or veterinarily acceptable adjuvant, diluent or carrier, which will
typically be selected with regard tc the mtended route of administration and standard
pharmaceutical practice. The composition may be in the form of immediate-, delayed- oz
controlled-release applications. Preferably, the formulation is a unit dosage containing a

daily dose or unit, daily sub-dose or an appropriate fraction thereof ofthe active ingredient,
The pharmaceutical composition according to the invention may, or may not, be intended

for, and, thus formulated in a manner suitable for, parenteral, intravenous, intra-arterial,

intraperitoneal, intra-muscular or subcutaneous administration, or they may be

iz
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administered by infusion techniques. They may be best used in the form of a sterile
aqueous solution which may contain other substances, for example, enough salts or
glucose to make the solution isotonic with blood. The aqueous solutions may be suitably
buffered (preferably to a pH of from 3 to 9}, if necessary. The preparation of suitable
pharmaceuntical formulations under sterile conditidns is readily accomplished by standard

pharmaceutical techniques well-known to those skilled in the art.

Such formulations may include aqueons and non-aqueous sterile injection solutions which
may contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or multi-dose containers, for example sealed
ampoules and vials, and may be stored in a freeze-dried (Iyophilised) condition requiring
only the addition of the sterile liquid carrier, for example water for injections,
immediately prior to use. Extemporaneous injection solutions and suspensions may be

prepared from sterile powders, granules and tablets of the kind previously described.

A therapeutically effective amount of Annexin A5 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 & functional analogue or
variant thereof per adult (for example, from about 0.001 to 20 mg per kg of the patient’s
body weight, such as 0.01 fo 10 mg/kg, for example greater than 0.1 mg/kg and less than
20, 10, 5, 4, 3 or 2 mg/kg, such as about 1 mg/kg), administered in single or divided

doses,

The physician in any event will determine the actual dosage which will be most suitable
for any individual patient and # 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

13
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determine the dosing regimen and route of administration which will be most appropriate

for a particular animal.

In a sixth aspect, the invention provides use of Annexin A5 or a functional analogue or -
variant thereof in the manufacture of a medicinal product for the treatment, prevention or
reduction of risk of onset of a condition defined above in the context of any one of the

first, second or third aspects of the preéent invention,

The Annexin A5 or the functional analogue or variant thereof according to the invention
can be human Annexin A5 {SEQ ID NO:1), an allelic or genetic variant thereof, a
mammalian orthologue thereof, or an allelic or genetic variant thereof. Preferably the
functional analogue or variant of Annexin AS according to the invention is more than
50%, 60%, 70%, 75%, such as more than 80% or 85%, more than 90%, or preferably
more than 95% or 99% identical to human Annexin A5, SEQ ID NO:1.

The percent identity between two amino acid sequences is determined as follows, First,
an amino acid sequence is compared to, for example, SEQ ID NO:1 using the BLAST 2
Sequences (Bl2seq) program from the stand-alone version of BLASTZ containing
BLASTN wversion 2.0.14 and BLAST? version 2.0.14. This stand-alone version of
BLASTZ can be obtained from the U.S. government’s National Center for Biotechnology
Information web site at ncbinlmnib.gov. Instructions explaining how to use the Bi2seq
program can be found in the readme file accompanying BLASTZ. Bl2seq performs &
comparison between fwo amino acid sequences using the BLASTP algorithm. To
compare two amino acid sequences, the options of Bl2seq are set as follows: -lissettoa
file containing the first amino acid sequence to be compared (e.g., Ciseql.txt); -j is set to
a file containing the second amino acid sequence to be compared (e.g., Cllseq2.txt); -p is
set to blastp; -0 is set to any desired file name (e.g., Cloutput.txt); and all other options
are left at their default setting. For example, the following command can be used to
generate an output file containing a comparison between two amino acid sequences:
C:\BEseq —i ciseql.txt ~i ciseq2.txt —p blastp ~o clloutput.txt. If the two compared
sequences share homology, then the designaied output file will present those regioné of
homology as aligned sequences. If the two compared sequences do not share homology,
then the designated ouwiput file wiil not present aligned sequences. Once aligned, the

number of matches is determined by counting the number of positions where an identical
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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 multiplying the resulting value
by 100. For example, if a sequence is compared to the sequence set forth in SEQ ID
NO:1 (the length of the sequence set forth in SEQ ID NO:1 is 320) and the number of
matches is 288, then the sequence has a percent identity of 90 (i.e., 288 + 320 * 100 = 90}
to the sequence set forth in SEQ ID NO:1.

Thus, a functional analogue or variant of Annexin A5 may be a protein wherein at one or
more positions there have been amino acid insertions, deletions, or substitutions, either
comservative or non-conservative, 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 stiil be different but would not be unobvious over

the ones of the original protein.

By “conservative substitutions” is intended combinations such as Gly, Ala; Val, lle, Leu;

Asp, Ghy, Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.

Such variants may be made using the methods of protein engineering and site-directed

mutagenesis which are well known in the art.

The functional analogue or variant of Annexin A3 according to the invention may, or may
not, be a dimer of Annexin A5 or a functional analogue or variant thereof, or may or may
not, be a PEGylated Amnexin A5 or & functional amalogue or variant thereof

DiAnnexinAS5 and PEGylated AnnexinAS are disclosed in WO 02/067857.

PEGylation is 2 method well known to those skilled in the art wherein a polypeptide or
peptidomimetic compound (for the purposes of the present invention, Annexin A5 or the
functional analogue or variant) is modified such that one or more polyethylene glycol
(PEG) molecnles are covalently attached to the side chain of one or more amino acids or

derivatives thereof, It is one of the most important melecule altering structural chemistry
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technigues (MASC). Other MASC technigues may be used; such technigues may improve
the pharmacodynamic properties of the molecule, for example extending its half life in
vive. A PEG-protein conjugate is formed by first activating the PEG moiety so that i 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 less) mPEG to a lysine amino acid
(although PEGylation can be extended to the addition of PEG to other amino acids) that is
further reacted to form a branched structure that behaves like a linear mPEG of much
greater molecular weight (Kozlowski 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) Pharmarie 57, 5 — 29, Kozlowski et al., (2001) J Control Release 72, 217 — 224,

and Veronese (2001) Biomaterials 22, 405 — 417 and references referred to therein.

The advantages of PEGylation to 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 (Harris et al., (2001) Clin Pharmacokinet 40, 539 — 551). Further
advantages can include reduced immunogenicity of the therapeutic compound (Reddy,
(2001) Ann Pharmacother 34, 915 — 923), and lower toxicity (Kozlowski et al., (2001),
Biodrugs 15, 419 — 429).

The functional analogue or variant of Annexin A5 according to the invention can be a
fusion protein comprising the sequence of Annexin AS or a variant thereof Thus, for
example, Annexin AS or a variant thereof can be fused to.one or more fusion partner
polypeptide sequence(s) so as to extend the half-life of the molecnle within a patient’s

circulatory system and/or add further functionality to the molecule.

By a “functional” analogue or variant of Annexin A5 iz meant & protein capable of
binding to phosphatidylserine on a biclogical membrane, preferably to a level that is at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or about 100% of
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that displayed by human Amnexin AS (SEQ ID NO:1) under the same conditions. A
suitable method for measuring Annexin A5 binding fo phosphatidylserine on a biological

membrane is known in the art [29].

A “functional” analogue or variant of Annexin AS may, additionally, or alternatively, also
possess at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or about
1060% of the therapeutic activity human Annexin AS (SEQ ID NO:1) when used at the
same (Le, molar equivalent) desage, for treatment of vascular dysfunction, for restoring
vascular function, for reducing ischemic pain and/or for the treatment of a vascular

disease in accordance with any of the first, second or third aspects of the invention.

In this context, the therapeutic activity of a “functional” analogue or variant of
Annexin A5 may be determined, compared to that of human Annexin A5 (SEQ ID NO:1),
by comparing the ability of a molar equivaient amount of the functional analogue or
variant and of human Annexin A5 to treat vascular dysfunction as described above, and/or
to restore the ability of apoE™? mice kept on a diet of high lipid and cholesterol for 4
months to display endothelium mediated dilation in response to intraperitoneal
administration of 3 pg/kg bw {(10ulg) metacholine (Sigma), when the mice are
administered, by intraperitoneal injection, molar eguivalent amount of either Annexin AS
or the analogue or variant in question once a day in the morning for 3 consecutive days,
the final injection being approximately 2-3 hours before the administration of
metacholine, and wherein the extent of endothebium mediated dilation in the test subjects
is measured by assessing blood pressure via catheterisation of the left carotid artery, such

as using the methodology set out in the following example.

“Vascular disease associated with a reduced eNOS activity or a reduced NO
bioavailability” as used hersin refers to a vascular disease which is caused by, causes or
leads to, has a common cause with, or is co-existing with a reduced eNOS activity or a

reduced NO bioavailability.

“Vascular dysfunction associated with a disease™ as used herein refers to a vascular
dysfunction, such as a loss of endothelium mediated vasodilatation, which is caused by,
causes or leads lo, has a common cause with, or is co-existing with the disease in

question. Examples of such diseases are provided above.
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Example.

Mice that are made deficient in apolipoprotein E by gene targeting (apoE®™ mice) are
hyperlipidemic and develop atherosclerosis. This process is accelerated by feeding the
mice a so called Western diet, e.g. Harlan Teklad TD.82137. This is a purified diet with
21% anhydrous milkfat (butterfat), 34% sucrose, and = iotal of 0.2% cholesterol which,
compared to normal mouse diets, contains extra lipids and some cholesterol. We gave a
such diet to male apoE("/ “ mice for at least 4 months, after which we evaluated the effects
of Annexin AS on endothelium mediated dilatation. In this way, the mice will develop
vascular disease including an impairment of endothelivm mediated dilatation that is

typical for patients with £.g. angina pectoris, hypertension, diabetes and hyperlipidemia.
Evaluation of endothelium mediated dilatation in anaesthetized mice.

Anaesthesia was induced by 4.5% Isofluran (fsoba®vet, Schering-Plough Animal Health,

Denmark) and then maintained by supplymg Isofluran as needed (normally 1.5-2%).

For blood pressure measurements we performed a catheterisation (Samba Sensor preclin
420 LP, Vistra Frolunda, Sweden) of the left carotid artery. Thereafter the catheter was
genily moved into aortic arch. The Samba sensor was connected to a Samba 3200 unit,
from which the data was transferred to and stored in the Powerlab sofiware (AD

Instrument, version 3) at 2 kHz,

Mice were then allowed fo stabilise for approx. 15 minutes. Endothelium mediated
dilatation was then induced by the intraperitoneal (ip) administration of 3 pglkg bw
(10ul/g) metacholine (Sigma), and blood pressure was measured for 5 minutes. When
endothslium mediated dilatation is stimulated systemically, total peripheral vascular
resistance is reduced, and the vasodilatation can be measured as a reduction in arterial
blood pressure. Metacholine causes a fransient stimulation of the arterial endothelium to
release NO, which in turn will cause endothelium mediated vasodilatation in a normal,
healthy mouse. After the effect of metacholine. has disappeared and bassline pressure is
again established, an ip dose of 50 mg/kg bw L-NAME (NG—nitro—L-argmine methyi ester)

(Sigma) was given. This is an inhibitor of the enzyme eNOS, which converts arginine to
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NO (and citrulline), and thus responsible for the endothelium mediated dilatation. Rlood
pressure was then followed until 2 new plateau was reached (12-15 minutes), after which

metacholine 3ug/kg was again administered and blood pressure measured for 5 minutes.
Results.

Normal mice will respond to metacholine injections by a reduction in both systolic and
diastolic blood pressure. After 4 months on the western diet, 2 pilot study of some apoE™™
mice was performed to verify that the normal response to a metacholine injection was
absent. When this had been established, mice received ! mg recombinant human
Annexin AS (Bender Medsystems, Vienna, Austriaykg bw or its vehicle (saline) in the
morning for 3 days by intraperitoneal injection. On the 3™ day, and approximately 2-3
hours afier the final injection of Annexin AS/vehicle, endothelium mediated dilatation

was investigated as described above. Figure 1 is an example of a typical experiment:

Figure 1 shows representative recordings of blood pressure in a control apoBE™™ mouse
(upper trace) and an Annexin AS treated mouse (lower trace). Metacholine was injected as
indicated by the dotted line. The mouse treated with Annexin AS responded with a
profound vasodilatation, a marked improvement compared to the control mouse, that
hardly responded at all (lefi panels). The panel t¢ the right shows that this response was
inhibited by previous administration of the inhibitor of eNQS, I-2NAME, verifying that the
effect of Annexin A5 on endothelium mediated dilatation was mediated by NO. The
reduction in systolic blood pressure was larger than the reduction in diastolic blood

pressure.

Figure 2 summarises the effects of Annexin A5 on endothelium mediated dilatation in this
model of anging pectoris and shows that i the untreated apoE{“'") mice injection of
metacholine did not reduce mean blood pressure. In contrast, Annexin A5 treated apoE(" )
mice responded to metacholine with a significant reduction in blood pressure. As this
effect was blocked by -NAME we concluded that the effect was mediated by eNOS/

nitric oxide.

Figure 3 shows that Annexin AS treatment for 3 days significantly improved the

endothelium mediated reduction in both systolic (A) and diastolic (B) blood pressures.
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Treatment with Annexin A5 restored not only the function of resistance arteries as
indicated by the reduction in diastolic blood pressure, but as the effect on systolic blood
pressure was larger than effects on diastolic blood pressure, the drug treatment also

increased compliance of the central arteries.

This study shows for the first time that Annexin A5 can restore normal function of the
endothelium in a mouse model of artery disease/ angina pectoris. The effect was mediated
by restoration of the NO metabolism in the endothelium, The findings show the potential
of Annexin A5 to exert anti-ischaemic effects. The most commmoen treatment of angina
pectoris is restore blood flow to ischaemic myocardial tissue by the administration of
exogenous NO, normally in the form of organic nitrates such as nitroglycerin, As repeated
use of exogenous organic nitrates is associated to development of nifrate tolerance, this
treafment iz normally Hmited to acute ischaemic situations. Here we have shown the
potential of Annexin A5 as an alternative anti-ischaemic treatment in vascular diseases in

which normal NO metabolism is hampered.

Summary. Arterial vasomotion abnormalities due to impaired endothelivm mediated
dilatation is common n most patients with ischaemic vascular disease. In & model of such
disease, it was surprisingly found that Annexin AS restored the impaired endothelium

mediated function through a NO dependert mechanism.
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Claims

Use of a therapeutically effective amount of Annexin AS or a functional analogue or
variant thereof in the manufacture of a medicament for use in the treatment of vascular
dysfunction associated with impaired endothelium mediated vasodilatation, a reduced
endothelial nitric oxide synthase (eNOS) activity, and/or a reduced nitric oxide (NO)
bioavailability, wherein the functional analogue or variant of Annexin A5 comprises a

protein which is more than 90% identical to human Annexin A5, SEQ ID NO:1.

Use of Annexin A5 or a functional analogue or variant thereof in the manufacture of a
medicament for use in reducing ischemic pain, wherein the functional analogue or
variant of Annexin A5 comprises a protein which is more than 90% identical to human
Anmnexin A5, SEQ ID NO:1.

The use of claim 1 or 2, for use in reducing the risk of the onset of acute myocardial

mnfarction (AMI).

The use of claim 1, 2 or 3, wherein the patient treated is suffering from a disease
selected from angina pectoris, ischaemic heart disease, peripheral artery disease,

systolic hypertension, migraine, type 2 diabetes and erectile dysfunction.

Use of a therapeutically effective amount of Annexin A5 or a functional analogue or
variant thereof in the manufactare of a medicament for use in the treatment, prevention,
or reduction of risk of onset of a vascular disease that is associated with impaired
endothelium mediated vasodilatation, a reduced eNOS activity, and/or a reduced NO
bioavailability, wherein the functional analogue or variant of Annexin A5 comprises a

protein which is more than 90% identical to human Annexin A5, SEQ ID NO:L

The use of claim 5, wherein the treatment reduces the risk of the onset of acute

myocardial infarction (AMI).

The use of claim 5 or 6, wherein the vascular disease is sclected from angina pectons,
ischaemic heart disease, peripheral artery discase, systolic hypertension, migraine, type

2 diabetes and erectile dysfunction.

The use of any of claims 5 to 7, wherein the Annexin A5 or the functional analogue or

variant thereof is to be administered in conjunction with a thrombolytic therapeutic
23
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11.

such as tissue plasminogen activator, urokinase, or a bacterial enzyme.

The use of any of claims 5 to 8, wherein the Annexin AS or the functional analogue or

variant thereof is to be administered in conjunction with an anti-platelet agent such as

clopidogrel or aspirin.

The use of any of the preceding claims, wherein the Annexin A5 or the functional

analogue or variant thereof is selected from;

a)
b)
c)
d)

human Annexin A3 (SEQ ID NO:I),

amammalian orthologue of human Annexin AS,

an allelic or genetic variant of a} or b),

a functional analogue of Annexin AS which is a protein which is more than 95%
identical to human Annexin AS, SEQ 11 NO: 1,

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

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

The use of any of the preceding claims, wherein the therapeutically effective amount

of Annexin AS or the functional analogue or variant thereof is to be admimistered

parenterally, intravenously, intra-arterially, intra-peritoneally, intramuscularly or

subcutancously.
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