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protein fibrinogen is primarily responsible for stimulating platelet clumping.

[6)]

Platelets clump by binding to collagen that becomes exposed following rupture
of the endothelial lining of vessels. Upon activation, platelets release
25 adenosine-5'-diphosphate, ADP and TXAZ2 (which activate additional platelets),
serotonin, phospholipids, lipoproteins, and other proteins important for the
coagulation cascade. In addition to induced secretion, activated platelets

change their shape to accommodate the formation of the plug.

30 To insure stability of the initially loose platelet plug, a fibrin mesh (also called
the clot) forms and entraps the plug. Finally, the clot must be dissolved in order
for normal blood flow to resume following tissue repair. The dissolution of the

clot occurs through the action of plasmin.
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i ntpfaq’éigﬂsliglirﬁfuced by thrombin binding to specific receptors on the surface of
platelets, thereby initiating a signal transduction cascade. The thrombin receptor
25 is coupled to a G-protein that, in turn, activates phospholipase C-y (PLC-y).
PLC-y hydrolyzes phosphatidylinositol-4,5-bisphosphate (PIP2) leading to the
formation of inositol trisphosphate (IP3) and diacylglycerol (DAG). IP3 induces
the release of intracellular Ca2+ stores, and DAG activates protein kinase C
(PKC).
30
The collagen to which platelets adhere as well as the release of intracellular
Ca2+ leads to the activation of phospholipase A2 (PLAZ2), which then
hydrolyzes membrane phospholipids, leading to liberation of arachidonic acid.

The arachidonic acid release leads to an increase in the production and



Ca2+ leads to the activation of phospholipase A2
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al so hydrol yzes and activates prothronbin to thronbin.

Thrombin can then activate factors X, VIII and V
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The intrinsic pathway requires the clotting factors VI, IX, X, Xl, and XIlI. Also
required are the proteins prekallikrein and high-molecular-weight kininogen, as
well as calcium ions and phospholipids secreted from platelets. Each of these
30 pathway constituents leads to the conversion of factor X (inactive) to factor Xa
(active). Initiation of the intrinsic pathway occurs when prekallikrein, high-
molecular-weight kininogen, factor X| and factor XlI are exposed to a negatively
charged surface. This is termed the contact phase. Exposure of collagen to a

vessel surface is the primary stimulus for the contact phase.
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cleaved by thrombin and inactivated. This dual action of thrombin, upon factor
25 VI, acts to limit the extent of tenase complex formation and thus the extent of

the coagulation cascade.

As discussed supra activated factor Xa is the site at which the intrinsic and
extrinsic coagulation cascades converge. The extrinsic pathway is initiated at
30 the site of injury in response to the release of tissue factor (factor Ill). Tissue
factor is a cofactor in the factor Vlla-catalyzed activation of factor X. Factor Vlla,
a gla residue containing serine protease, cleaves factor X to factor Xa in a
manner identical to that of factor IXa of the intrinsic pathway. The activation of

factor VIl occurs through the action of thrombin or factor Xa. The ability of factor
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complex with prothrombin and factor Xa.

Prothrombin is a 72,000-Dalton, single-chain protein containing ten gla residues
in its N-terminal region. Within the prothrombinase complex, prothrombin is
30 cleaved at 2 sites by factor Xa. This cleavage generates a 2-chain active
thrombin molecule containing an A and a B chain which are held together by a

single disulfide bond.
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The inability of the body to control the circulating level of active thrombin would

lead to dire consequences. There are two principal mechanisms by which
thrombin activity is regulated. The predominant form of thrombin in the
25 circulation is the inactive prothrombin, whose activation requires the pathways
of proenzyme activation described above for the coagulation cascade. At each
step in the cascade, feedback mechanisms regulate the balance between active

and inactive enzymes.

30  The activation of thrombin is also regulated by four specific thrombin inhibitors.
Antithrombin [Il is the most important since it can also inhibit the activities of
factors I1Xa, Xa, Xla and Xlla. The activity of antithrombin Il is potentiated in
the presence of heparin by the following means: heparin binds to a specific site

on antithrombin Ill, producing an altered conformation of the protein, and the
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Thrombin-mediated release of the fibrinopeptides generates fibrin monomers

25 with a subunit structure (0-B-y)2. These monomers spontaneously aggregate in
a regular array, forming a somewhat weak fibrin clot. In addition to fibrin
activation, thrombin converts factor XlIl to factor Xllla, a highly specific
transglutaminase that introduces cross-links composed of covalent bonds
between the amide nitrogen of glutamines and e-amino group of lysines in the

30 fibrin monomers.

Dissolution of Fibrin Clots
Degradation of fibrin clots is the function of plasmin, a serine protease that

circulates as the inactive proenzyme, plasminogen. Any free circulating plasmin
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25  concentrations of <1, 8, 150, and ~4000 mg.mL-", respectively. Thus a small

signal is very quickly amplified to bring about effective hemostatic control.

Clotting must be very strictly regulated because even one inappropriate clot can
have fatal consequences. Indeed, blood clots are the leading cause of strokes

30 and heart attack, the two major causes of human death. Thus, the control of
clotting is a major medical concern. Several inhibitors have been developed
with different mechanisms of anticoagulant action. These include the heparins,
the coumarins, and the 1,3-indanediones.
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may result in excessive bleeding. Protamines, are used as anti-dote for

25 excessive bleeding complications.

Coumarin and its derivatives are principal oral anticoagulants. Warfarin is a

coumarin derivative marketed as a racemic mixture of R and S isomers.

30 Coumarins are slow to act, exerting their effect in vivo only after a latent period
of 12 to 4 hours and their effect lasts for 1.5 to 5 days. The observed slow onset
may be due to the time required to decrease predrug prothrombin blood levels,

whereas the long duration of action observed with warfarin may be due to the
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prothrombin cannot be acted upon by factor Xa.

25 The 1,3-indanediones have been known in the art to be anticoagulant since the
1940s. The onset and duration of action of anisindione are similar to those for
coumarins. The chief disadvantage of indandiones is their side effects. Some

patients are hypersensitive to it and develop a rash, pyrexia, and leukopenia.

30 Despite the overall benefits achieved, the currently used therapeutic
anticoagulants are also a major source of mortality and morbidity, caused by
limitations in efficacy and even more so by bleeding complications. In an effort
to overcome these problems, a number of new agents have been developed.

However, it appears that therapeutic anticoagulation inevitably comes with the
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The discussion of documents, acts, materials, devices, articles and the like is
25 included in this specification solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these
matters formed part of the prior art base or were common general knowledge in
the field relevant to the present invention as it existed before the priority date of
each claim of this application.
30

SUMMARY OF THE INVENTION
In one aspect, the present invention provides an anticoagulant agent including a

first element capable of inhibiting coagulation and a second element capable of
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screening compounds useful as anticoagulants, and methods for identifying the
presence of thrombosis, thrombotic emboli, unstable plaques, and the like using

probes directed to activated platelets.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 shows the ScFv-anti-LIBS-TAP: The Signal Peptide Sequence of
Bacterial Pectate Lyase (pelB) includes the nucleotides from position 40 to
position 105, the variable region of the heavy chain includes nucleotides from
position 106 to position 483, the Linker (YOL epitope) includes nucleotides from
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FIG 5 shows inhibition of factor Xa activity by rTAP, scFv anti-LIBS-TAP, and
25 non-targeted mut-scFv-TAP, but not by scFv anti-LIBS. The cleavage of
chromogenic substrate (spectrozyme FXa #222) by factor Xa (500 pM) was
determined at 405 nm. Bars show optical density (OD) as mean and standard

deviation of triplicate measurements of a representative experiment.

30 FIG 6 shows flow cytometry histograms of specific binding of IgG anti-LIBS,
scFv anti-LIBS, and scFv anti-LIBS-TAP to activated but not to non-activated
mouse platelets. Binding of thrombin-activated platelets is given by open
histograms; binding to non-activated platelets is given by shaded histograms.

Binding of the IgG antibody is detected by a DTAF-conjugated goat anti-mouse
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FIG 9 shows an overview of the thrombus adhesion assay. Platelets
25 immobilized on fibrinogen were targeted with the anti-LIBS bead contrast agent
via the activated GP lIb/llla receptor. Co-staining of platelets was performed
using P-selectin antibodies and fluorescein-avidin in order to demonstrate

selective binding of the contrast agent to platelets only.

30 FIG 10 Left panel: Confocal microscopy of the adhesion assay. P-Selectin and
fluorescein avidin- stained platelets appear as green conglomerates,
surrounded by the red fluorescent beads of the anti-LIBS bead contrast agent.
Right panel: 3D-reconstruction of a Z-stack from 60 images of confocal

microscopy.
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FIG 14 shows 11.7 T ex vivo MRI, 3D gradient echo sequence (TE =4 ms/
TR= 90 ms, field of view 13 x 13 x 19.5 mm, matrix size 256 x 256 x 384),
isotropic resolution of 25 ym?®. (A) shows the injured femoral artery in a LIBS-
25 MPIO perfused mouse. Black intrinsic vessel-wall signal can be observed in the
LIBS-MPIO mouse as well as in the Control-MPIO mouse (B), but attached to
the luminal side of the femoral artery signal void can be observed as an
indicator for MPIO-binding in the LIBS-MPIO mouse (A, arrows). Quantification
of MPIO-induced MRI signal-void reveals a significant difference between LIBS-
30  MPIO and Control-MPIO perfused mice (p<0.05).

FIG 15 shows histology of representative injured femoral artery segments. (A)
shows multiple bead-binding to the injured wall after perfusion with LIBS-MPIO

(arrows), whereas no binding can be observed after Control-MPIO perfusion
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information wt anatomical picture is
denmmaditst aseert, the present invention provides an anticoagulant agent including

a first element capable of inhibiting coagulation and a second element capable
of targeting an activated platelet wherein upon administration of the agent to a
25 subject the second element directs the first element to the activated platelet.
Applicants have found that by targeting anticoagulants to activated platelets the
nexus between increased anticoagulant efficacy and bleeding complications is
broken, thereby overcoming a significant problem in the art. Applicants have
found that activated platelets can be used as an effective target for efficient clot-
30 targeting. Platelets are highly abundant in particular in thrombi within the arterial
system, as with atherosclerosis-induced thrombi e.g. in myocardial infarction.
Activated platelets are highly specific for clots and are typically not found in the
circulation. Thus, both requirements for efficient clot-targeting, abundance and

specificity, are satisfied. Besides these favorable properties, the use of
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coagulatlon pathways. In a preferred form of the invention the first element acts
on the enzyme factor Xa. Direct inhibition of fXa has been proposed to be
advantageous compared to the indirect, antithrombin-Ill-mediated inhibition, e.g.
as mediated by heparins, since clot-bound fXa and prothrombinase-associated
fXa seem to be significantly better inhibited by direct fXa inhibitors. In
comparative studies investigating anti-thrombotic potency and the prevention of
re-occlusion, TAP has been shown to be advantageous to indirect fXa inhibitors
as well as to thrombin inhibitors. Despite these advantages, high bleeding rates

were expected for a therapeutic use in humans, similar to hirudin, and the
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25 specificity, the marker should be one that is expressed only on the surface of
activated platelets. However it will be understood that such an absolute
requirement is not strictly necessary, and so long as the second element is
capable of targeting predominantly activated platelets, then the invention will

provide the advantages disclosed herein.

30

There are a number of markers that are predominant on activated platelets
including activated GPIIb/llla. The marker may be one that takes an inactive
and an active form such that one form is found to predominate over the other in

activated platelets, as compared with other components of the coagulation
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platelet. The second element may then be administered, and bind to the first

25 element. Thus, the two elements are physically separate until a functional

anticoagulation agent is achieved at the site of the activated platelet.

In a preferred form of the invention the anticoagulation agent is in the form of a
single molecule, and typically a single protein molecule. A convenient means
30 for achieving the two elements in a single molecule is by including both
elements in the framework of a single-chain antibody molecule. These
molecules are particularly suitable for specifically targeting epitopes given their
inclusion of a variable region. The variable region is designed such that it has

an affinity for the targeted epitope. Single-chain antibodies are a promising
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30 specific.

The mAb anti-LIBS 145 expressing hybridoma cell line was used as the basis
for the cloning of an anti-LIBS single-chain antibody (scFv). mRNA of this

hybridoma cell line was prepared and reverse transcribed using an oligo-dT
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constructs was assessed by Western blot analysis (Fig. 3). The molecular

25 weight of the scFvani.uss alone was ~ 32 kDa, of the intact fusion protein
scFvani-Liss-TAP was ~ 39 kDa., and of the non-targeted mut-scFv-TAP was ~
42 kDa (Fig. 3).

In a highly preferred form of the invention, the single-chain antibody is
30 essentially as shown in Fig 1. The skilled person will understand that the
degeneracy of the genetic code and the ability to substitute amino acids for
other similar amino acids means that derivatives and equivalents of the
molecule specified by Fig 1 can be easily generated. These derivatives and

equivalents are included in the scope of the present application.
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conposi tion including an anticoagul ant agent as
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aorta, deep vein thrombosis, pulmonary embolism, and atherosclerosis or

25 thrombosis of an organ.

The preferred bi-functional fusion molecule scFvani-Liss-TAP has been evaluated
by the Applicant. The function of the single-chain antibody part of the fusion
molecule scFvani-Lss-TAP was evaluated by flow cytometry. ScFvang.Liss-TAP
30 and scFvaniuss demonstrated similar binding properties to fibrinogen-bound,
activated platelets (Fig. 2). Thus, the genetic fusion did not significantly alter the
single-chain antibody’s binding property. The factor Xa inhibitory activity of the
fusion constructs was evaluated by a chromogenic assay. Factor Xa was

incubated with a specific chromogenic substrate in the presence of scFvani-Liss-
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enoxaparin was used as a positive control representing the eurrent clinical

25 standard. Enoxaparin nearly doubled the occlusion time (Fig. 8). Equimolar
amounts of recombinant TAP, non-targeted mut-scFv-TAP and scFvang.Liss-TAP
caused significant prolongation of the occlusion time close to the effects of
enoxaparin. A reduction to 1/10 (0.03 pg/g body weight) of the original dose
delivered still caused a significant prolongation of the occlusion time (p = 0.002)

30  with the scFvani.Lss-TAP, whereas the non-targeted mut-scFv-TAP at the same
dose did not cause a significant prolongation of the occlusion time. Thus, the
scFvani-Liss-TAP delivers a strong anticoagulant effect, even at a dose at which

the direct control, the non-targeted mut-scFv-TAP does not cause significant

anticoagulation.
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25" eﬁ’ry%tfhrqlper aspect the present invention provides a method of screening for a
compound useful for targeting an anticoagulant to a clot, said method including
the steps of providing a candidate compound, exposing the compound to an
activated platelet and at least one other component of a clot, assessing whether
the compound binds to the activated platelet, and assessing whether the

30 compound binds to the at least one other component of a clot wherein the
compound is useful if it is capable of higher affinity binding to the activated

platelet as compared the at least on other component of a clot.
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25  rupture-prone plaques are not detected with coronary angiography.

In consideration of the usefulness of activated platelets as a diagnostic marker,
the present invention also provides a probe for detecting a blood vessel
abnormality including (a) a binding element capable of targeting an activated
30 platelet and (b) a label. The skilled person will understand that probes useful in
the context of the present invention are typically provided as an aqueous
composition and injected into an artery or a vein of the subject prior to or during

the diagnostic method. The probe is then transported to the site of interest in
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rreaiascrﬁhed Ihrer-:esn MR will be appreciated that for dragnostrc purposes the single-
25 chained antibody does not need to include the anticoagulant component.
Indeed, the skilled person will understand that it may be possible to use a
fragment of the single-chained antibody, so long as that fragment includes the
site responsible for binding to activated platelets. Without wishing to be limited
by theory it is thought that the compact dimensions of a single-chain antibody is
30  of particular advantage in this application. It is proposed that the antibody is
capable of penetrating beyond the surface of a thrombus into areas where a
greater number of activated platelets are present. This allows for more effective

detection of the bound antibody, and therefore higher sensitivity imaging. The
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generated by conjugating an irrelevant single- cham antibody to SP1Os using the

25 same protocol.

The skilled person will understand that any label useful in an X-Ray imaging
method could be incorporated in the probe. As a non-limiting example of the
method, a paramagnetic label could be coupled to a probe targeted to activated
30 platelets. Upon administration of the probe, the paramagnetic label would
localize at the site of a clot, embolus or unstable atherosclerotic plaque that

could then be visualised by a magnetic resonance imaging technique.
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the site of a clot, enbolus or unst ab
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| um
events following femoral wire injury in the mouse is well described and, as

25 demonstrated in Fig 15C, consistently shows confluent platelet deposition on
the denuded endothelium after 24 hours. This was used as the basis for
targeting activated platelets with single-chain antibodies against ligand-induced
binding sites on the activated GP IIb/llla receptor. This antibody confers
functional specificity since its binding is dependent upon the presence of

30 fibrinogen or its analogues. These properties make this antibody attractive as a
ligand for MPIOs to mediate imaging of platelet thrombus. Using 11.7 T MRI
and T2*-weighted MRI, signal void at the areas of strong bead binding was
detected. The histologically confirmed quantity of MPIOs bound to the vessel

wall correlated significantly to the extent of signal extinction caused by the



activated platelets being visualized using a ganma

canera. Also the labelling of activated platelets
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Wa?nsights into pathophysiological processes in various diseases. Other important

issues are the minimal immunogenicity of single chain antibodies as they only
25 consist of the variable regions, and the size which facilitates the access to

clandestine epitopes.

It will be understood that the probes described herein may be used in methods
for imaging a blood vessel abnormality in a subject by detection of an activated
30 platelet in a blood vessel. In one form of the method, the detection includes the
use of a probe as described herein. It is contemplated that probes the probes
are useful with X-ray and CT apparatus found in a standard cardiac
catheterization laboratory. The 64-slice CT or the 128-slice CT is proposed to

be suitable for the imaging methods described herein. The probes are also
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activated platelets and to platelets pre-incubated with RGD peptides (GRGDSP,
BIOMOL Research Laboratories, Plymouth Meeting, PA), eptifibatide
(Integrilin®, Essex Pharma, Muenchen, Germany), tirofiban (Aggrastat®, MSD,

25  Whitehouse Station, NJ), and abciximab (ReoPro®, Eli Lilly & Co, Indianapolis,

IN). The hybridoma was maintained in RPMI, 10% fetal calf serum, 1 mM

sodium pyruvat, 10uM mercaptoethanol, 100 units/ml penicillin, 100g/ml
streptomycin (all from Gibco), and 1 x HAT supplement (H0262, Sigma). The
lgGanti-Liss MAb was prepared by affinity purification of hybridoma supernatant

30 using ImmunoPure® IgG Protein G purification (Pierce, Rockford, IL, USA).

For single-chain antibody cloning, cDNA of the hybridoma was prepared using
mRNA purification columns (oligo-dT) and M-MuLV (both Amersham-

Pharmacia, Freiburg, Germany). Amplification of the antibody variable regions



for imaging a bl ood vessel abnormality in a subject by
detection of an activated platelet in a blood vessel.
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Example 2: Expression and purification of scFv constructs in E. coli

E. coli (TG1) cells were transformed with the pHOG21 plasmids described
above and individual colonies from a freshly streaked agar plate were grown in
25 LB media containing 100ug/mL ampicillin and 100 mM glucose at 37°C in 500
mL flasks. Cultures were shaken at 200 rpm for approximate 4 — 6 hours until
an OD (600nm) of ~ 0.8 was reached. Bacteria were pelleted by centrifugation
at 5000 rpm for 10 min at 4°C and resuspended with LB media containing
100ug/ml ampicillin and 0.4 M sucrose. IPTG was added to a final concentration
30 of 0.25 mM for induction of scFv production and incubated at room temperature
(22 -24°C) with 200 rpm for 16 - 20 hours. For purification of soluble protein
from whole cell extract, bacteria were harvested by centrifugation at 5000 rpm
for 10 min at 4°C. Pelleted bacteria were resuspended in 5 mL 1X BugBuster®

(Novagen, Madison, USA) solution/g pellet and incubated for 15 min at room
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25 Blood preparation
Human blood was collected by venipuncture with a 21-gauge butterfly needle
from healthy volunteers and anticoagulated with citric acid. Platelet-rich plasma
was obtained by centrifugation (GS-6R centrifuge, Beckmann Coulter,
Gladesville, NSW, Australia) at 100 x g in plastic tubes at room temperature for

30 10 minin a centrifuge.

Mouse Blood was collected by intracardial puncture with a 27-gauge needle
from C57BL/6 mice and anticoagulated with unfractionated heparin (20 U/mL).

A volume of 50 ul was resuspended with 1 mL modified Tyrode’s buffer (150



LB nedi a containing 100 ng/nL anpicillin and 100 nM

gl ucose at 37°C in 500 nL flasks. Cultures were shaken
wW@e0020@Bonpm f or approxi mate 4 - 6 hours until BET/®D2006/000943

(600nm of ~ 0.8 was reached. Bacteria were pelleted

by centrifugation at 5000 rpmfor 10 mn at 40C and

resuspended with LB nedi a corg3ai ning 100 ng/ m
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ag'ﬁgﬁ'ﬁﬁ?{?ﬁg?rﬁg’wﬁgs QVs: 3%3‘@% settle for 30 nin

bef ore washed vvith buffer (50 mM NaH2PO4, 300 niM NaCl,

20 i m dazol e, Thi s tch shing pr ure ,
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o
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Cor poration, Bedford SA) for 1 munoblotting.
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buf ' Tween)
o A R R e B AR BTy
20( Roche Mannhei m Ger many) was added (dilution 1:500)
an%' % I é é ﬁg Al gnterrperature. The
e xah Pﬁ. ggntf? ct rkg%{c?lv 589 With PBS Tween
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addi er Sl nesc bstrate.
(Plsgt)%t ate Rs&?gﬁg %%) #%? égﬁ rhr)Bl F?Ej If?(%' éreenwmh
Connectlcut USA). Probes were dialyzed against modified Tyrode’s buffer (150
25 mM NaCl, 2.5 mM KCI, 12 mM NaHCQOj3, 2 mM MgCl,, 2 mM CaCl,, pH 7.4)

and adjusted to get 100 nM of scFvang.Liss, SCFVani-Liss-TAP and non-targeted

mut-scFv-TAP, or free recombinant TAP in a final volume of 165 pl. After adding
10 pl 0.1% human albumin, probes were mixed with 10 yuL of 500 pM fXa
(Haemochrom, Enzyme Research Laboratories) and compared to fXa alone as
30 positive control. After incubation at room temperature for 10 min, 15 pL
chromogenic substrate solution (5 mM) was added and plates were incubated
for 15 minutes at room temperature. Finally, reaction was terminated by adding
50 ul stop-solution and absorption was measured at 405 nm in an ELISA reader

(Victor3®, Perkin Elmer, Melbourne, Australia).



(Bi oRad, Regents Park, NSW Australia). As a size

mar ker and Hi s(6)-tag positive control a 6xH s protein
wo awdeoion) (Q AGEN) was used. Exanple 3 : I n WECT/AU2006/000943

Functi onal Characterization of the scFv Anti-LI BSTAP
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veni puncture with a 2 1-gaugedbutterfly needle from
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system as specified by the manufacturer.

N

One minute prior the ferric chloride treatment, mice were infused through the tail
25 vein with saline (negative control) (0.9% sodium chloride) 100 pl, enoxaparin
(positive control) (Clexane® Sanofi Aventis, Paris, France) with 1 mg/kg BW
diluted with saline to volume of 100 ul, and with various doses of purified
recombinant scFvangi.Lss-TAP, sCFVani-Liss, non-targeted mut-scFv-TAP, and
rTAP. All doses of used scFvs and rTAP were dissolved to a volume of 100 pl.
30 To ensure that all drugs were infused in mice the aditus was flushed with 100 ul

saline.

Mouse bleeding time was measured as described previously by Xinkang. The

anesthetized mice were placed under the dissecting microscope. About 1-2 mm



Exanple 4 : Anti-Factor Xa Activity Assay Inhibition

of fXa was determ ned by the degradation of the
w@hooseyeni ¢ substrate spectrozyne fXa #222 ( APET/AT2006/000943

Di agnostica Inc., Geenw ch, Connecticut, USA). Probes
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Functional Evaluation of Antithronbotic Efficacy and
Protection fromBleeding in a Mouse Mdel C57BL/6 nice

wi Bxammlefi:s U8e 3¢f dabéltedt |SénglBiGharin [Autibvadies ifes Diagnostic
W | m'an ton, MA, USA) were used for the present study.
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di ssected and a segnment of the right ‘common caroti
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slip by incubating the platelets for 30 minutes at 37°C. After washing of the

25  cover slips, the fibrinogen-platelet matrix was exposed to the contrast agent for
30 minutes. In order to exclude unspecific binding and to demonstrate binding
of the contrast agent to platelets only, a co-staining of platelets was performed
using P-selectin antibodies and secondary staining with fluorescein-avidin (Fig
9). Using confocal microscopy, binding of the red-appearing auto-fluorescent

30 contrast agent to platelets was demonstrated by simultaneous green
fluorescence of the P-selectin-stained platelets. A 3D-reconstruction using the

z-stack from confocal microscopy is shown in Fig 10.



i nduced by applying a piece of filter paper (1x2 nm
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areas with platelets. These results indicate successful binding of the designed
contrast agent to activated platelets in vitro, which can be detected with

clinically relevant field strengths by MRI.

25 Example 7: Use of Labelled Single-Chain Antibodies for Diagnostic

Imaging in a Mouse Model.

Single-chain antibody generation and conjugation to 1 ym iron oxide

microparticles

The LIBS epitope on GPIIb/llla represents an abundant and highly specific
30 target for activated platelets. The mAb anti-LIBS 145 binds to GPIlIb/llla only in

its active conformation and it demonstrates strong binding to ADP-activated

platelets in the presence of fibrinogen (Schwarz JPET 2004). The mAb anti-

LIBS 145 expressing hybridoma cell line was used as the basis for the cloning

of an anti-LIBS single-chain antibody (scFv). mRNA of this hybridoma cell line
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procedure was repeated twice. Finally, the scFv was eluted at high imidazole

atc washmg

25 concentrations (250 mM) and dialyzed. Functionality of the scFv preparations

were evaluated in flow cytometry.

Autofluorescent cobalt-functionalized MPIOs (1pum) were conjugated to the
histidine-tag of the LIBS single-chain antibody referring to the protocol of the
30  manufacturer (Dynal Biotech, Oslo, Norway). In brief, after washing 1mg of
beads was incubated with the LIBS antibody for 10 min at room temperature
(RT) to bind approximately 10ug of histidine-tagged antibody. The tube
containing the suspension was then placed on a magnet until the beads had

migrated to the side of the tube and the supernatant discarded. This washing
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25 Mice
Wire injury was performed in male C57BL/6 mice weeks (Jackson Laboratories,
UK), mean age of 10+0.8 weeks. Mice received water and standard chow diet
ad libitum. All procedures were performed in accordance with the UK Home
Office Animals (Scientific Procedures) Act 1986.

30
Femoral wire injury, bead perfusion and sample preparation
Single-sided femoral wire injury was performed under general anesthesia, using
a combination of Hypnorm (25 mg/kg, Bayer, Germany) and Hypnoval (25

mg/kg, Bayer, Germany) administered subcutaneously, as described previously
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20t i PE3rog8i (FGMBreN. MPHQF‘%%E/Ml ng buffer containing
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LI BS-MPI O binding to activated platel ets An adhesi on
assaxywivaMRber f ormed to denonstrate binding of the

LI %%J)%' I\Sﬂﬂ Ras performed at 11.7 T using a 13 mm "H birdcage radiofrequency
coil (RAPID Biomedical, Wurzburg, Germany). A 3D gradient echo sequence

25 (TE=4 ms/TR=90 ms, field of view 13 x 13 x 19.5 mm, matrix size 256 x 256 x
384, two averages, imaging time ~ 7 h per sequence) was used in an unattended
overnight run. Data reconstruction was performed off-line with a final isotropic

resolution of 25 um?®.

30 Histology and quantification of MPIO binding in the injured femoral artery
After MRI, specimens were decalcified in 10% Formic Acid overnight,
dehydrated through graded ethanol solutions and Neo-clear (VMR, UK), paraffin
embedded and serially sectioned (8 um thick). Specimens were stained for iron

(Accustain, Sigma, Germany) referring to the manufacturers protocol. The



activated platelets. Blood froma healthy vol unt eer

taki ng no nedi cation was anticoagulated with citric
wa@edod/oagedo centri fuged at 1000 rpm for 10 m n. HECEAU2006/000943

resulting platelet rich plasma was diluted with PBS (

1 :10) and 100 ml added onto fibrinogen-covered cover

slips, which had been prei ncufpat ed with 20nmg/ m

fibri t,38°C, and bl ocked with 1%
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perfusion and sanpl e preparation Single-sided fenoral
wire injury was perfornmed under general anesthesia,

usMRJOLipding indbe fameral agfeiyddnex soRRk g, Bayer,

Ce IqmRAY caBBSl of e i) bnﬁ@ﬁ? Wk lﬁ@ﬁorﬁﬂédedllndgﬁ rARRBYdy-conjugated
adm ni st ered subcut aneous as descri bed

20pr MR |@L@P@(‘@M’@§@eﬂﬂ\#d aed c@pr CirquRiSioNFbYRd oBfthg kg surface
R ke A
sustelttmsavere counted only once. Segmented images were reconstructed in
three dimensions using the 3D Constructor plug-in for ImagePro Plus to
visualize the distribution of MPIO binding throughout the femoral artery.
25
Statistical methods
Data are expressed as mean * standard deviation. Parametric data were

compared using Ktests. Statistical significance was assigned to P <0.05.

30 Results
LIBS-MPIO detects activated Glycoprotein llb/llla receptors on platelets
In Fig 13, human platelet thrombi labeled with anti-P-selectin antibody
fluorescence bright green. Superimposed on the platelet thrombi are red areas

corresponding to autofluorescent LIBS-MPIO (Panel A). The MPIOs are confined



recrui tment of neutrophils. Arterioscler Thronb Vase

Biol, 2000. 20(2): p. 335- 42). Under a surgi cal
wor@rosmope, a groin incision was nmade. The f eP@T/aU2006/000943

artery was exposed, and an arteriotony was made di st al

to the epigastric branch using 30G injection cannul a
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MPIO binding was confirmed in histology (Fig 15), with significantly higher
MPIO-binding in LIBS-MPIO injected animals (9.98 vs. 0.5 beads per section,
25 P<0.01; Fig 15D). Colocalization of MPIOs and platelet adhenerce to the arterial
wall was confirmed by immunohistochemistry. In Fig 15C, MPIOs are
demonstrated to be present in association with positive immunostaining for the

platelet marker CD61.

30  An analysis of bead quantification in histology compared to quantification by ex
vivo MRl revealed a strong correlation (R?=0,7219, P<0.001; Fig 17). Therefore,
MPIO signal quantity determined by MRI directly reflected the quantity of MPIOs

bound to the injured vessel wall.



enbedded and serially sectioned (8 mmthick).

Speci nens were stained for iron (Accustain, Sigm
w@eommmplo referring to the manufacturers prot oPOI/AU2006/000943

Thenunber of conjugated MPI Os bound to the injured

| um nal vessel wall was quantified and averaged in

20- 25 sections per ani nal fr(nnthe i njured vessel site

e e e B AERRE SO e LR el P Bretons

r ehyaajﬁ Bt afladee Qlithoutsdepirtthgs bmr tieesbiiitnofl tfeHa@sémtr indéhtion as
d%ﬁd to simmering citrate buffer and boiled for

4 RPW”P &®Br essure cooker for antigen retrieval.

Speci nens were washed in PBS Tween, incubated with

protein bl ock sol ution (Dakocytonation, Hanbur g,

CGermany) for 4 hours, and incubated overni ght at 40C

with rat anti-nouse CD61 anti body ( 1 :8000, InterCel

Technol ogi es, FI/USA). After washing with PBS,

bi oti nyl ated goat anti-hanster 1gG ( 1 :200, Vector,

Burl i ngame, CA/USA) secondary anti body. Slides were

washed with PBS, and peroxi dase reaction was perfornmed

usi ng Vectastain RTU Elite ABCreagent and Vector

NovaRed (both Vector, Burlingane, CA/USA). Finally,

sections were deyhdrated, nounted w th Pernount

(Bi omeda, Foster City, CA/USA) and bead binding to

pl atel ets was evaluated on a |ight mcroscope. MPIO

binding in the fenoral artery by ex vivo M

Quantification of the MPI O bindi ng was perforned

bl i nded. Anti body-conjugated MPI O bi ndi ng was defi ned

as a clear circular signal void on the |lum nal surface

of the fenoral artery in 32 consecutive slices. MIGCs

appearing in nmultiple sections were counted only once.

Segnent ed i mages were reconstructed in three

di mensi ons using the 3D Constructor plug-in for

| magePro Plus to visualize the distribution of MPIO

bi ndi ng throughout the fenoral artery. Statistica

net hods Data are expressed as nmean + standard

devi ation. Paranetric data were conpared using

f-tests. Statistical significance was assigned to P

<0.05. Results LIBS-MPI O detects activated

A ycoprotein Il b/Illa receptors on platelets



In Fig 13, human platelet thronbi |abeled wth

anti-P-selectin anti body fluorescence bright green.
wEapeniiposed on the platelet thronmbi are red BCEAB2006/000943

correspondi ng to autofl uorescent LIBS-MPI O (Panel A).

The MPIGs are confinedto the platelet thronmbi w thout

non-speci fic background retem3 on. By contrast, in

Panel A|M§ere is conpl ete absence of binding of

cont r%lr O conjugated to an irrel evant single chain

anti body. A 3D z-stack reconstruction in confocal

m croscopy shows LI BS-MPl O bj ndi (red) to A

P. sel bkt rrUPSACHAT! F0aTE NGEintgR dBsi) oloRph aralleg! nhibiting
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bound to wal | - adher ent cﬁ'pat el ets detected ex vivo
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were perfused with LIBS-MPIO and 6 with control- MPIO
via the left ventricle. One control animl was
excl ude
Vari 201 A NABeLIEn MR pocdidhg BBt LI AR P SEROKf Goment
obser veissapgbie of lvlodlmq*to a wsirggitoadhaveuriase of ap aciégted platelet.

oarterial segment often dempnstrated intrinsic |ow
signal areas within the arterial wall (Fig 14B).

Di st idctAr ranficadgugnivegenthaceappratarntamo® vdiareinl the marker is

si gnal ' i thjn t I '
the vesEBreSieldnliih. e KETRE L OB BHbuash g Rlrdc of an
Wi r e- i naaiived@daidtelei.es of all mce injected with
LIBS-MPIO (Fig 14A). In quantitative analysis |umn nal
areas of | ow signal suggesting MPI O accunul ati on were
15si gni4.i Aardritigodyulineragent btdriMpIt® diairect edclaim rBalvdierein the
than in_cgntrol - MPLO ersted an ﬁg@bg (23.72 1/5. 6. 2;
P<0, 01 Mapkeyispygand fsiuess Rdingg" bnfirmed in
hi st ol ogy (Fig 15), with significantly higher
MPI O-binding in LIBS-MPIO injected animals (9.98 v
0.5 bRals ap aglapi ggent wr@qg {0 qﬂygonfg[f))clalm 2to4where|n the
Col ocal et RrGaPfin/MBl Cs and pl atel et adhenerce to the
arterial wall was confirmed by inmmunohistochem stry.
20ln Fig 15C, MPIOs are denonstrated to be present in
assoct a
orate e{-\h %gpitﬂephlaﬂﬁbbéﬁ‘[eacw?@w%& Sa’ﬁ‘fg%% mts B0 5 wherein
quant i fiheaparkser is theractivaipd fyymedaiitdblat o quanti fi cati on
by ex

7. An anticoagulant agent according to any one of claims 2 to 6 wherein

25 around 60 000 to 80 000 of the marker molecules are found on the
surface of each platelet.

8. An anticoagulant agent according to any one of claims 1 to 7 wherein the
second element is capable of binding to a new epitope formed upon
30 activation of the GP llb/llla receptor.



vivo MRl reveal ed a strong correlation (R2=0, 7219,
PO. 001 ; Fig 17). Therefore, MPIO signal quantity
waledogioodomed by MRI directly reflected the quane@€T/xuado6/000943
MPI Gs bound to the injured vessel wall.Finally, it is
to be understood that various other nodifications
and/ or alterations rmy be made W t hout departing from

the s th r invention aso i ne .
hor el B aiksdoy BnRaE8fi dech BT o 8, Bie, B PRI 4t @ herein
first dew:aéreazdmmmbh %) afsfub]ébl todsl Mg sapaghticaty ilrwﬂ%@@CbI@eding
second el enent ca of t etin activate

ool M s b s G A g B bl agent 1o a
subj ect the second el enent d| rects the first el ement

to the activated platel et. . An anti coagul ant agent
Saccor ng @Bt'%aap'ﬁﬂtlagﬁ{‘éra@Pdeﬁetos‘%%@n%l vaeER pleeddg time is

capabl edé%farn‘ﬂhé@b)ﬂ&er@aﬂaﬁﬁéﬂ@ctl&ﬂlnti‘ﬁo%ﬂface of an

activated platelet. . An anti coagul ant agent

according to claim?2 vvher ein the marker is expressed

only @n e

of it achT el QgBURCaRATaBiRARGIOBRE bl QP ipiser RL1G BRGrein

accor di wgen @drolnatereQ tooa sdvjestprdongseacsiugiontignena theesubjast.
108 ligand induced binding site (LIBS). 5 . An

anti coagul ant agent according to any one of clains 2

t o 4 VheAranticohgulaslragent ascoGing o ¢laimal 1 &heremocclusion time is

To 5 wn e ’*?@ﬁﬁﬁi@k@ggiﬁ BrBO PR ca Form ot

GPlIb/llIla. . An anticoagul ant agent according to
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i's capa aso?"r'i‘&l?%‘i@‘il WEN e AdIRISH RURO! A1PRBIV LGN O
activation of the GP IIb/llla receptor.9 . An

anti coagul ant agent according to any one of clains

to 8 WhetAnticpRe¥arRidgeni a¢oerdig oRAny G Mubbio }T’i,yvherem

subst anfnieadrbisngatonestsecRIsRRKMS id kifflar & of #SEkdesk bf dhat for
bl eedi ng conplication in the subject.
20 enoxaparin.

15. An anticoagulant agent according to any one of claims 1 to 14 wherein
the first element has a low molecular weight such that the first element is
capable of effectively localizing at the site of the activated platelet.

25
16. An anticoagulant agent according to claim 15 wherein the first element
has a molecular weight of about 7,000 Daltons or less.
17. An anticoagulant according to any one of claims 1 to 16 wherein the
30 first element is a peptide anticoagulant.

18. An anticoagulant agent according to claim 17 wherein the peptide
anticoagulant consists of about 60 amino acid residues or less.



10. An anticoagul ant agent according to claim9

wherein bleeding tinme is determ ned by surgical tail

WO e@i®esdid on i n a nouse.

11. An anti coagul ant BQBAU2006/000943

according to any one of clainms 1 to 10 wherei n when

adm nistered to a subject prolongs occlusion tine in
the subject. 12. An anticoagusant agent according to
claim 11 whe

ous % b RaBGRQu BRI B0 A B PR T R ne

accor di pgptide apticdagulbht iedeaved ord 2 toker ei n when

adm nistered to a subject occlusion tine is at |east
approxi mat el y doubl ed as conpared with the

adm racst ARtdrliBodulamt @At iacordPt tolclairh419 Atherein the tick is
anti coagul ant agent according to any one of clains 11
Sto 13 é!?'@ioﬁoﬁog

&9%P8idongat i on of occlusion tine is

simlar to or in excess of that for enoxaparin. 15. An

anti coagul ant agent according to any one of clains 1

to 14Wwhdh aniiropaeant aaent aceaiding ihary ene BFIABIScL LA & wherein
vel ght @G tdlort Betsonchly b fERAY(xd, o capabl e of

effectively loca
platel et. 16. An anticoagul ant agent according to
10cI ai
we
ant i coadjtdciyntnhinite daaddrmXa indheaalysevne obé cefaations 1 to 16

I ZI ng at e site of the activated
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wherein the first elenment is a peptide anticoagul ant.

18. An anticoagul ant agent according to claim 17

wher 230 Amenfipguldet sgent acagdihgud acyooss et daiofs alwo22 whbrein

ues

o 0 R BICHERY o 5 e e UFRBON Al 05 o

15ant i coagidlegole. i s derived froma tick. 20. An

anti coagul ant agent according to claim19 wherein the

tick is Onithodoros noubata. 2 1. An anti coagul ant

agent2ack®rghtioGaduar Nagedh acebrdflg@itdriclaimt 23 2@haverRr i single

the first el enment acts on enzyne factor Xa. 22. An

20

25

30

ant i coadQIesHe g eHCHMAIPWhg to claim 2 1 wherein the
first element directly inhibits factor Xa in the
absence of a cofactor.

25. An anticoagulant agent according to any one of claims 1 to 24 wherein
the first and second elements are in the framework of a single-chain
antibody molecule.

26. An anticoagulant agent according to claim 25 wherein the single-chain
antibody is essentially as shown in Fig 1 herein, or a derivative or
equivalent thereof.

27. A pharmaceutical composition including an anticoagulant agent
according to any one of claims 1 to 26 and a pharmaceutically
acceptable salt.

28. A method for treating or preventing a coagulation disorder, the method
including the steps of administering to a mammal in need thereof an
effective amount of a composition according to claim 27.



23. An anticoagul ant agent according to any one of

clains 1 to 22 wherein the first and second el enents
wae@7/pipsd cal |y |inked to form of a single nol BCTIAB2006/000943

24. An anticoagul ant agent according to claim 23

wherein the single nolecule is a protein nolecule. 25.

An anti coagul ant agent accordisng to any one of clains

1 to 24 wherein the first and second el enents are in

the framework of a single-chain antibody nol ecul e. 26.

An argg. cmagt.dtrmt at@enungaqoordhumg 240 vmeaeum er whﬁemwsmon is

t he S|n%Ie chain anti g IS essentj al sﬂ@
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27. A pharmaceutical conposition |nclud|ng an

antlcoagulant agent accordln%hto any one of cla
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di sorder, the nethod including the steps of

adni ni s@kaut A0 My iraemilisteredneed t her eof an effective
anount of a conposition according to claim?27.29. A

nmet hod according to claim24 wherein the conmposition

i s adihi. fhsmeihed adcarding: ¢ ranyaeeedefsclaigist @8ofo 30 wherein the
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accor di O clarm or clarm
ant i coagrttermdiseagse reicufescagionary swidioma ithhkigemybcdsdinhietanction,

about 3 /K 0,.nolka..l s injis ed

T8 moriy aRueBaRiath, SnyBh sdlyr °afy B SATES b vein
wher ei nthtdrebastsaguiradnaoy edibsiisroleand atherdseletasts o thnorhibasis of
group consisting of coronary artery di sease, acute

cor onar §" &¢8r one i ncludi ng myocardi al infarction,
15stroke, atherosclerosis of the carotid artery or

aort d vein thronbosis ul nonary enbol i s
o her T e A Ayl R g e P IaY toragnecss e dg 26 i
an ant i geagrepaatiorr@eat magiegnehinGr tthe PReAtiéh of nehhdit of a

1to 26 in
coagulation disorder.

20 33. Use according to claim 32 wherein the coagulation disorder is selected
from the group consisting of coronary artery disease, coronary infarction,
acute coronary syndrome including myocardial infarction, stroke,
atherosclerosis of the carotid artery or aorta, deep vein thrombosis,

pulmonary embolism, and atherosclerosis or thrombosis of an organ.

25
34. A probe for detecting a blood vessel abnormality including (a) a binding
element capable of targeting an activated platelet and (b) a label.
35. A probe according to claim 34 wherein the binding element is capable
30 of binding to a marker on the surface of an activated platelet.

36. A probe according to claim 35 wherein the marker is expressed only on,
or predominantly on, the surface of an activated platelet.



the preparation of a nedicanent for the prevention or
treatnment of a coagul ation disorder. 33. Use according

wao eoocloadomo 32 wherein the coagul ati on di sorder PGI/AU2006/000943
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sel ected fromthe group consisting of coronary artery
di sease, coronary infarction, acute coronary syndrone
i ncl udi ng nyocardi al infarcti4m, stroke,
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a bi ndi H§€8lenent capabl e of targeting an activated
platelet and (b) a | abel. 35. A probe according to
claim34 wherein the binding elenent is capable of =
bi ndidfy 2 PPNBIWREF NG ?%OS%M ey B4 4 A cviherainghe binding
pl at el eblem3Rt is QirBEte R Afgddhdiibel RirdliRy SHeIBIBE)BR Thdplatelet.
the marker is expressed only on, or predom nantly on,
the surface of an activated platelet.37. A probe

accor4l n 0 L, W& r :
50 000 15 HAPOESRanlo BT B0 cldtny S WL QngaRer i
t he sur©GRUe/lItsf. each platelet. 38. A probe according to

1pany one of clains 34 to 37 wherein the binding el enent
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is directed to a ligand i nduced binding site (LIBS) on
t he pllat &lpeibe @ordgpioctny arecd ratbimg 37 do élavhergs tioar marker is

claim Bﬁsv%eg\yag%@f&rq%fé@mgﬁﬁa_i s GPlIb/lIlla. 40. A probe

accordi one aims 37 to 40 wherein the
marker is the activated formof GPlIIb/llla. 4 1. A

25 K AT BT AL LA TP e s

epi t opeclbmenEid cdpatie atbinviay it®a nefv dpitepé&hdrinkb/ubbh activation of

receptor. robe according to any one of clains
34 to 41¢ #EP@I‘?&%%OH nding el enent and | abel are in

the framework of a single-chain antibody nol ecul e. 43.

A probe according to any one of clains 34 to 42 o
wher étn A peolesggiording to any one of claims 34 to 41 wherein the binding

element and label are in the framework of a single-chain antibody

molecule.

43. A probe according to any one of claims 34 to 42 wherein the label is
paramagnetic, radioactive, or detectable with an X-ray imaging method..

44. A probe according to claim 43 or claim 44 wherein the label includes
technetium-99m, rubidium-82, thallium 201, F-18, gallium-67, or indium-
111,

45. A probe according to any one of claims 34 to 44 wherein the label

includes super-paramagnetic iron oxide or gandolinium.

46. A probe according to any one of claims 34 to 45 wherein the label

includes micron-sized paramagnetic iron oxide.



par amagnetic, radioactive, or detectable with an X-ray
i magi ng nmethod.. 44. A probe according to claim43 or

W@ k@7 003040 wher ei n t he | abel includes techneti uP€PADR006/000943
rubi dium82, thallium201 , F-1 8, gallium67, or
indium 111. 45. A probe according to any one of
clains 34 to 44 wherein the l4bel includes
super ;.p netic.irpon oxide gan inium 46
o1 b ok S PG b0 ofPaftResSle b Wikreliietirabe is
thedl ago;dpaRtECMﬂg@énema@h%mbéVohdd tmarmg@febi lclherblbgi vessel
oxi de obe acc in 0 any o of cl ai ns to
26 wher &0 ALY BreBETisTetDabt sldce Ring P1agd frs*Blyond
the surface of the bl ood vessel abnormality and/or
adheres to the surface of the bl ood vessel

48
Smet hdt$- of MeREH ) iBagiNgod W%%%é‘?s%%r?&”ﬁﬁ?ﬁ‘"lt)y in g gub]ect the

subj ect metrag |ﬁ@&dh%the”d%té@ioﬂg)f taheacﬂ%t%bla@éiet% a3t5lood vessel
activated platelet”in a blood vessel of the subject

49. A nettheaukiedor ding to claim 47 including the step

of exposing a bl ood vessel of the subject to a probe

according to any one of clains 34 to 47. 50. A nethod
accor4f. iy mashasl a¢aerdigy tsvrclalrraﬂ?nrwmdmetheistept ¢ieexposing a blood

joabnor ”avdés‘s§|r]df§he5§}bi§<:té fdj ‘B@atc@@rd%bcfb‘ JBnf e bEAAIRE 39ffto 7.

rupture er osc aque or at her oscl eroti
pl aque that is prone to rupture, a thronbus, an

enbol 56> A%qh@dqa@c%?d‘fﬁﬁj {oaél.éiﬂmg for 818”1 X@t\lﬁ%re% ‘ﬁ{eeét%o?mality is
selected from the group consisting of a ruptured atherosclerotic plaque or
an atherosclerotic plaque that is prone to rupture, a thrombus, an

15 embolus, and an accumulation of activated platelets.



