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ABSTRACT 

Radiolabeled anneXin and modi?ed anneXin conjugates use 
ful for imaging vascular thrombi are described. Methods for 
making and using such radiolabeled anneXin conjugates are 
also provided. 
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RADIOLABELED ANNEXINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 08/351,635, ?led Dec. 7, 1994, 
Which is in turn a continuation-in-part of pending US. 
patent application Ser. No. 08/261,064, ?led Jun. 16, 1994, 
Which in turn a continuation-in-part of pending US. patent 
application Ser. No. 08/185,660, ?led Jan. 24, 1994. 

TECHNICAL FIELD 

[0002] The present invention is directed to radiolabeled 
anneXins, including anneXin-heXose conjugates such as heX 
ose moiety conjugates, and components thereof. The present 
invention is also generally directed to modi?cations of the 
anneXin components for the use in the preparation of radio 
labeled anneXins. Also contemplated by the present inven 
tion are imaging protocols Which involve the administration 
of, for eXample, a radiolabeled anneXin-heXose moietycon 
jugate. The anneXin component of the conjugate serves to 
deliver the radiolabeled active component of the conjugate 
to vascular thrombi target sites. The heXose component of 
the conjugate facilitates rapid elimination of the radiolabeled 
anneXin-heXose moiety conjugates from the circulation of a 
recipient. 

BACKGROUND OF THE INVENTION 

[0003] When patients present With chest pain, palpitations 
or any other symptoms of coronary trauma or disease, the 
presence of vascular thrombi in the heart is a potential 
signi?cant complicating factor for treatment. If a medical 
practitioner could non-invasively determine Whether one or 
more vascular thrombi Were present and, if present, the 
location of those vascular thrombi, better evaluation of 
treatment options Would be possible. Furthermore, if a 
medical practitioner could determine that no vascular 
thrombi Were present, thereby eliminating a potential com 
plication in treatment, cardiac conditions could be treated 
more safely and effectively. 

[0004] Most present techniques for determining the pres 
ence of vascular thrombi are invasive and/or cumbersome, 
and/or fail to detect such thrombi With good sensitivity and 
speci?city. Thus, an imaging agent useful for non-invasive 
vascular thrombi imaging is desirable. 

[0005] AnneXins are a class of proteins that are charac 
teriZed by calcium-mediated binding to anionic phospholip 
ids. Anionic phospholipids are about 20-fold more highly 
associated With activated platelets than quiescent platelets, 
and activated platelets are associated With vascular thrombi. 

[0006] Radioiodinated anneXin V has been shoWn to local 
iZe to vascular thrombi in vivo, but has suboptimal imaging 
characteristics, possibly due to the pronounced beta phase of 
blood clearance oWing to possible transiodination and/or 
metabolic degradation With reincorporation into serum mac 
romolecules or non-target tissues. Free radioactive iodine or 
iodine-containing metabolic degradation products eXposed 
non-target tissues, especially the thyroid gland, to radioac 
tivity. Iodine radioisotopes I-123, I-124 and I-131 With 
imagable photons suffer from various draWbacks. Iodine 
131 has particulate emission and its gamma emission is too 
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high in energy for optimal imaging. Iodine-124 emits 
positrons and high energy gamma photons. Finally, I-iodine 
123 radiolabel With superior imaging properties is expensive 
and dif?cult to obtain and is not therefore practical for Wide 
spread use. Consequently, improved radiolabeled anneXin 
compounds are desirable. 

[0007] In addition, conventional imaging and therapy are 
often plagued by the problem that the generally attainable 
targeting ratio (ratio of administered dose localiZing to target 
versus administered dose circulating in blood, or ratio of 
administered dose localiZing to target versus administered 
dose migrating to bone marroW) is loW. Improvement in 
targeting ratio is also sought. 

[0008] Thus, for the foregoing reasons there is still a need 
for a thrombus imaging product With increased sensitivity to 
image small thrombi, such as carotid thrombi or intra 
cardiac thrombi and those present in coronary arteries after 
angioplasty or during myocardial infarctions or in cerebral 
arteries during stroke. Development of a radiolabeled throm 
bus imaging agent capable of detecting intracoronary 
thrombi Would represent a breakthrough product of great 
clinical and commercial signi?cance. The present invention 
ful?lls this need and provides further related advantages. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides radiolabeled 
anneXin-heXose moiety conjugates and methods of making 
and using the same. The present invention further provides 
an anneXin component that is altered in such a Way as to 
provide an accessible sulfhydryl group and/or other amino 
acid groups for derivatiZation so as to serve to improve the 
imaging properties of anneXin. AnneXin-containing conju 
gates of the present invention are suitable for radiolabeling 
With a diagnostic imaging agent. Preferred conjugates of the 
present invention include: 

[0010] an anneXin; 

[0011] a heXose moiety; and 

[0012] an NZS2 chelating compound associated With 
the anneXin. 

[0013] Also provided by the present invention are radio 
labeled anneXin-heXose moiety-conjugates Which include: 

[0014] 

[0015] 
[0016] an NZS2 chelating compound associated With 

the anneXin; and 

[0017] a diagnostic radionuclide compleXed by the 
chelating compound. 

an anneXin; 

a heXose moiety; 

[0018] Another preferred conjugate of the present inven 
tion includes: 

[0019] a modi?ed anneXin, Wherein the modi?cation 
provides an accessible sulfhydryl group; and 

[0020] a heXose moiety recogniZed by a mammalian 
liver receptor, Wherein the heXose moiety is conju 
gated to the anneXin. 
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[0021] Another preferred conjugate of the present inven 
tion includes: 

[0022] a modi?ed anneXin, Wherein the modi?cation 
provides an accessible sulfhydryl group; 

[0023] a heXose moiety recognized by a mammalian 
liver receptor; and 

[0024] a NXSy chelating compound, Wherein the heX 
ose moiety is conjugated to the modi?ed anneXin 
directly or via the chelating compound and the 
chelating compound is conjugated to the modi?ed 
anneXin directly or via the heXose moiety. 

[0025] Another preferred conjugate of the present inven 
tion includes: 

[0026] 
[0027] a heXose moiety recogniZed by a mammalian 

liver receptor; and 

[0028] a NXSy chelating compound, Wherein the heX 
ose moiety is conjugated to the multimer directly or 
via the chelating compound and the chelating com 
pound is conjugated to the multimer directly or via 
the heXose moiety. 

an anneXin multimer; 

[0029] Another preferred conjugate of the present inven 
tion includes: 

[0030] 
[0031] an esterase-sensitive NXSy chelating com 
pound conjugated to the anneXin. 

an anneXin; and 

[0032] Another preferred conjugate of the present inven 
tion includes: 

[0033] a modi?ed anneXin, Wherein the modi?cation 
provides acessible sulfhydryl group; and 

[0034] a NXSy chelating compound conjugated to the 
anneXin. 

[0035] Another preferred conjugate of the present inven 
tion includes: 

[0036] a modi?ed anneXin, Wherein the modi?cation 
provides an accessible sulfhydrl group; and 

[0037] an esterase-sensitive NXSy chelating com 
pound conjugated to the anneXin. 

[0038] Another preferred conjugate of the present inven 
tion includes: 

[0039] 
[0040] a NXSy chelating compound conjugated to the 

anneXin. 

an anneXin multimer; and 

[0041] Another preferred conjugate of the present inven 
tion includes: 

[0042] 
[0043] an esterase-sensitive NXSy chelating com 
pound conjugated to the anneXin. 

an anneXin multimer; and 

[0044] It Will be understood by one of ordinary skill in the 
art that Where a chelating compound is a component of the 
conjugate, any one of the above preferred conjugates further 
includes a radionuclide compleXed by the chelating com 
pound. 
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[0045] Apreferred anneXin for use in the present invention 
is anneXin V. A modi?ed anneXin is eXtended on the C-ter 
minus or N-terminus by a number of a amino acids. A 
preferred modi?ed anneXin for use in the present invention 
is eXtended on the N-terminus. This addition of the eXten 
sion results in a modi?cation to the anneXin Whereby an 
accessible sulfhydryl group is provided for. Thus, the modi 
?ed anneXin can be conjugated to a heXose moiety, such as 
a heXose cluster, (e.g., N-acetylgalactos-amine cluster; or 
provide for an endogenous radiolabel chelation site, thus 
eliminating the need for intermediate production of an 
amine-directed active ester containing the radiolabel; or 
provide for multimer production. 

[0046] The modi?ed anneXin component of the conjugate 
alloWs for rapid binding of the radiolabel to the anneXin, 
thus providing for a simpli?ed labeling procedure for clini 
cal use. In some embodiments of the present invention, the 
modi?cation to the anneXin provides for acceleration of 
blood clearance thereby reducing the background radioac 
tivity of the blood pool. 

[0047] Also, in some other embodiments of the present 
invention, an esterase-sensitive chelating compound is uti 
liZed to provide for accelerated excretion of radioactivity 
from the liver, thereby reducing background radioactivity 
adjacent to the heart and lungs. 

[0048] Preferred heXose moieties for use in the present 
invention include heXose clusters and incorporate a multiple 
of 4 galactoses. Other preferred heXose clusters for use in the 
present invention incorporate a multiple of 3 galactoses. 

[0049] The heXose moiety component may bound to the 
anneXin component and the chelating compound component 
via a trifunctional linker, such as lysine. An eXtender may be 
employed betWeen the heXose moiety and the trifunctional 
linker to promote bioavailability of the heXose moiety. This 
embodiment of the present invention is favored if the 
chelating compound is characteriZed by a single functional 
group available and suitable for conjugation. 

[0050] If the chelating compound component is charac 
teriZed by greater than one functional group available and 
suitable for conjugation to other conjugate components, a 
structure such as the folloWing is preferably employed: 
heXose moiety-bifunctional linker-chelating compound-bi 
functional linker-anneXin. 

[0051] Preferred diagnostic radionuclides for use in the 
practice of the present invention are Tc-99m, Re-186 and 
Re-188, With Tc-99m being especially preferred. Vascular 
thrombi located in or near the heart are especially amenable 
to imaging in accordance With the present invention. 

[0052] These and other aspects of the present invention 
Will become evident upon reference to the folloWing 
description and attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] FIG. 1 schematically represents a method of radio 
labeling anneXin V. 

[0054] FIG. 2 shoWs the blood clearance of Tc-99m 
anneXin V (o) and of Tc-99m-anneXin V-galactose (A) FIG. 
3 schematically shoWs the synthesis of N,N‘-bis(2-disul? 
dyl-4-carbonylphenyl)-1,3-propyldiamine. 
[0055] FIG. 4 schematically shoWs the synthesis of N,N‘ 
bis(disul?dyl-4-methylphenyl)-gamma,gamma‘-diamino-is 
ovalerate N-hydroXysuccinimide. 
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[0056] FIGS. 5a and 5b schematically show the synthesis 
of an eight galactose-containing galactose cluster. 

[0057] FIG. 6 schematically shoWs the synthesis of an 
extended eight galactose-containing galactose cluster. 

[0058] 
Map. 

[0059] FIG. 8 schematically represents pET-12a-PAP1, 
3/7/94, clone 1. 

FIG. 7 schematically represents a pET-12a plasmid 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] Prior to setting forth the invention, it may be 
helpful to set forth de?nitions of certain terms to be used 
Within the disclosure. 

[0061] Annexin: A class of compounds characteriZed by 
the ability to bind With high af?nity to membrane lipids in 
the presence of millimolar concentrations of calcium. 
Annexins have been shoWn to exhibit anti-coagulatory 
effects that are mediated by the binding of annexins to 
negatively charged surface phospholipids (e.g., on activated 
platelets). This annexin-phospholipid binding is believed to 
block the activation of clotting factors by such negatively 
charged surface phospholipids. Prior to the recognition of 
the annexin class of molecules, members thereof Were also 
referred to in the literature as placental anticoagulant pro 
teins (e.g., PAP-1, 2, 3 and 4), lipocortins, calpactins, 
vascular anti-coagulant (alpha and beta), calphobindin I, 
placental protein 4 (PP4), endonexin II, anchorin CII, cal 
cium-dependent phospholipid binding protein, and the like. 
See Crumpton et al., Nature 345:212, 1990. Annexin-V is a 
prototypical annexin molecule used in the description of the 
present invention. The term annexin includes native annexin 
puri?ed from natural sources such as eg human placenta, or 
annexin molecules containing a native sequence produced 
through e.g. genetic engineering, recombinant, or other 
means. The term annexin further includes modi?ed annexins 
as de?ned beloW, derived from or produced by any source. 

[0062] Modi?ed Annexin: An annexin molecule Wherein 
the native sequence or molecule is altered in such a Way 
Without materially altering the membrane binding affinity of 
the annexin. Such annexins can be produced by chemical, 
genetic engineering or recombinant techniques as knoW to 
those of ordinary skill in the art. The modi?cation can 
include a modi?cation of the sequence through the addition 
of several amino acid residues, and/or an addition/deletion 
of an amino acid at a single site on the native or genetically 
engineered sequence. For example, the annexin can be 
modi?ed at the N-terminus by the addition of amino acid 
residues, Wherein at least one of the amino acids provides an 
accessible sulfhydryl group. The accessible sulfhydryl group 
or groups may be utiliZed during conjugation or remain 
available for further conjugation. The term modi?ed annexin 
includes annexin multimers. 

[0063] Annexin Multimer: A combination of tWo or more 
monomeric modi?ed annexin molecules of Which the com 
ponents of the multimer may be native or recombinant, or in 
any combination thereof; resulting in similar or improved 
membrane binding af?nity over the monomeric annexin. A 
multimer composed of up to about 20 modi?ed annexins is 
useful for the present invention. The preferred multimer 
composition is betWeen 2 and about 10 modi?ed annexins. 
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One example of an annexin multimer is an annexin dimer, 
Which can be composed of tWo modi?ed annexins linked by 
disul?de bonds betWeen accessible sulfhydryl groups on the 
modi?ed annexins. The annexin dimer can be produced 
directly as a fusion protein using knoWn expression systems, 
Wherein the tWo annexin molecules can be connected by a 
peptide linker through the accessible sulfhydryl groups. A 
dimeric molecule could contain additional functional sites, 
such as an endogenous radiolabel chelation site or an 
accessible sulfhydryl group for the attachment of one or 
more hexose residues, for example. Also, as de?ned herein, 
annexin multimer is covered by the term annexin. 

[0064] Extension: A series of amino acids added to the 
N-terminus of the annexin molecule Which provides a sulf 
hydryl group Within ten amino acids from the N-terminus. 
Preferably the sulfhydryl group is Within six amino acids of 
the N-terminus. More preferably the sulfhydryl group is the 
second residue in the N-terminal extension of six amino 
acids. The sulfhydryl group is preferably provided by a 
cysteine residue. This addition of amino acids provides a 
highly ?exible means to attach functional moieties to the 
annexin terminal region. 

[0065] NXSy Chelating Compounds: As de?ned herein, the 
term “NXSy chelating compound” includes bifunctional 
chelators that are capable of coordinately binding a metal 
or radiometal and (ii) covalently attaching to an annexin 
molecule. Preferred NXSy chelating compounds have the 
N282 (generally described in Us. Pat. No. 4,897,225 or 
5,164,176 or 5,120,526), N3S (generally described in US. 
Pat. No. 4,965,392), NZS3 (generally described in Us. Pat. 
No. 4,988,496), N254 (generally described in Us. Pat. No. 
4,988,496), N3S3 (generally described in Us. Pat. No. 
5,075,099) or N4 (generally described in Us. Pat. Nos. 
4,963,688 and 5,227,474) cores. Particularly preferred NXSy 
chelating compounds have N252 and N35 cores. Exemplary 
NXSy chelating compounds are described in FritZberg et al., 
Proc. Natl. Acad. Sci. USA 85:4024-29, 1988; in Weber et 
al., Bioconj. Chem. 1:431-37, 1990; and in the references 
cited therein, for instance. For the purpose of this descrip 
tion, the prototypical NXSy chelating compound is an NZS2 
chelating compound. A chelating compound Which com 
plexes a metal or radiometal is termed a “chelate”. 

[0066] Esterase-sensitive Chelating Compound: Amide 
thiolate acetate ester chelating compounds of the NXSy 
family Wherein the esterase-sensitive chelating compound 
connects the radionuclide metal to the annexin. As de?ned 
herein, the term “esterase-sensitive chelating compounds” 
includes those described in Us. Pat. Nos. 5,112,953 and 
5,175,257. The esterase-sensitive chelating compounds is 
cleaved during the metabolism of the radiolabeled protein in 
the liver to generate radioactivity associated catabolites of 
favorable redistribution, resulting in the reduction of back 
ground radioactivity adjacent to the heart and lungs. A 
preferred esterase-sensitive chelating compound is N3S 
serylsuccinate as described in Us. Pat. No. 5,112,953. 

[0067] Radiolabeled Annexin: An annexin having a radio 
nuclide complexed therein. 

[0068] Radiolabeled Annexin-Galactose: A galactose-de 
rivatiZed annexin having a radionuclide complexed therein. 

[0069] Hexose moiety: a composition of one or more six 
carbon sugar (hexose) residues, or derivatives based upon 
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such moieties recognized by AshWell receptors or other liver 
receptors, such as the mannose/N-acetylglucosamine recep 
tor, Which are associated With endothelial cells and/or 
Kupffer cells of the liver, or by the mannose 6-phosphate 
receptor. A hexose moiety includes a hexose cluster. A 
hexose moiety also includes more than one hexose moiety 
conjugated at separate sites to another molecule such as 
annexin. 

[0070] Hexose Cluster: A construct having a plurality of 
hexose residues (including derivatives) con?gured to be 
recogniZed by a liver receptor. Such clusters are preferably 
constructed of hexose residues connected in a branched 
con?guration (via a linking moiety, Which in turn is con 
nected to a branching structure), and are attached to annexin 
or to other components of a hexose cluster containing 
conjugate via a single point of attachment (through a linking 
moiety). Preferably, the branching netWork consists of tWo 
or three pronged branches, i.e., consists of 2, 4, 8, 16, 32 or 
64 hexose residues or consists of 3, 9, 27, or 81 hexose 
residues. 

[0071] Galactose Cluster: Aconstruct having from about 3 
to about 64 galactose residues connected in a branched 
con?guration. Preferably, the branching netWork consists of 
tWo or three pronged branches, i.e., consists of 2, 4, 8, 16, 
32 or 64 galactose residues or consists of 3, 9, 27, or 81 
galactose residues. 

[0072] Radiolabeled Annexin-Galactose Cluster: A galac 
tose cluster-derivatiZed annexin having a radionuclide com 
plexed therein. 

[0073] Conjugate: A conjugate encompasses chemical 
conjugates (covalently or non-covalently bound), fusion 
proteins and the like. 

[0074] Cleavable Linker: A bifunctional linker recogniZed 
by liver enZymes in such a Way that the linker is enZymati 
cally cleavable to produce a hydrophilic catabolite. In some 
preferred embodiments of the present invention, the cleav 
able linker connects the chelating compound to the hexose 
moiety. The cleavable linker functions for enhancement of 
renal excretion and hepatobiliary excretion so as to increase 
target to background ratio enabling early detection of atrial 
and venous thrombi. Examples of this type of linker includes 
a polymer, such as monosaccharides, polysaccharides, 
polyamino acids, hydroxyalkyl acrylamides, polyethylene 
glycol based hydrophilic polymers, biodegradable polymers 
containing an ether or ester linkage, as Well as dextran and 
hemisuccinyl esters. 

[0075] It Will be evident to one of ordinary skill in the art 
that the references throughout the application to annexin 
includes modi?ed annexin, as Well as annexin multimer, 
unless otherWise speci?ed or apparent from the context. One 
of ordinary skill in the art Will also understand that, although 
galactose is described beloW as a representative example, 
any reference to galactose includes other hexose moieties, 
such as N-acetylgalactos-amine and clusters thereof. 

[0076] The present invention is directed to annexin-hex 
ose containing conjugates, and radiolabeled annexins, 
including radiolabeled annexin-galactose cluster conjugates, 
and the use thereof for diagnostic imaging purposes. Radio 
labeled annexins of the present invention are characteriZed 
by the folloWing: rapid accretion to target cell sites charac 
teriZed by anionic phospholipids; short circulating half-life; 
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in vivo stability against metabolic degradation or radionu 
clide separation from chelate; and amenability to packaging 
in cold kit format. 

[0077] Radiolabeled annexin-galactose conjugates also 
exhibit the aforementioned characteristics, albeit to different 
degrees. For example, radiolabeled annexin-galactose con 
jugates exhibit a shorter circulating half-life than their 
radiolabeled annexin counterparts. Also, radiolabeled 
annexin-galactose conjugates generally exhibit a loWer 
binding af?nity for target sites than their radiolabeled 
annexin counterparts. Successful diagnostic imaging 
involves both target site accumulation of signal and rapid 
elimination of non-targeted signal. Consequently, the 
enhanced elimination from a recipient’s circulation of the 
radiolabeled annexin galactose conjugates provides a dis 
tinct opportunity to achieve diagnostic images in a shorter 
time frame. 

[0078] Moreover, target site signal diminishes over time as 
a result of radioactive decay. In addition, metabolism of the 
target associated material also diminishes target signal. 
Consequently, shorter time frame imaging enhances the 
target:non-target ratio and total target signal, thereby gar 
nering improved diagnostic information. 

[0079] Radiolabeled annexin-galactose cluster conjugates 
of the present invention combine desirable features of radio 
labeled annexins and radiolabeled annexin-galactose conju 
gates. For example, radiolabeled annexin-galactose cluster 
conjugates exhibit a shorter circulating half-life than their 
radiolabeled annexin counterparts. Also, radiolabeled 
annexin-galactose cluster conjugates generally exhibit a 
higher binding af?nity for target sites than their radiolabeled 
annexin-galactose conjugate counterparts. Consequently, the 
enhanced elimination from a recipient’s circulation and the 
substantial binding affinity maintenance of the radiolabeled 
annexin-galactose cluster conjugates of the present inven 
tion invention offer the opportunity to achieve clear diag 
nostic images in a shorter time frame. 

[0080] An embodiment of the present invention is directed 
to annexin-containing conjugates suitable for radiolabeling 
With a diagnostic imaging agent including: 

[0081] an annexin; 

[0082] a hexose moiety; and 

[0083] an NXSy chelating compound associated With 
the annexin. 

[0084] Radiolabeled annexin-galactose cluster conjugates 
suitable for imaging vascular thrombi anyWhere in the 
recipient (but particularly in or near the heart) are also 
contemplated, Which radiolabeled annexin-galactose cluster 
conjugates incorporate an annexin, a cluster of galactose 
residues, an NXSy chelating compound, and further a diag 
nostic radionuclide complexed by the chelating compound. 

[0085] A preferred embodiment of the present invention 
involves annexin-containing conjugates suitable for radio 
labeling With a diagnostic imaging agent including: 

[0086] an annexin; 

[0087] a cluster of galactose residues; and 

[0088] an NZS2 chelating compound associated With 
the annexin. 
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[0089] Radiolabeled anneXin-galactose cluster conjugates 
suitable for imaging vascular thrombi are also contemplated, 
Which radiolabeled anneXin-galactose conjugates incorpo 
rate an anneXin, a cluster of galactose residues, an NZS2 
chelating compound, and further a diagnostic radionuclide 
compleXed by the chelating compound. 

[0090] Another preferred conjugate of the present inven 
tion includes: 

[0091] a modi?ed anneXin, Wherein the modi?cation 
provides an accessible sulfhydryl group; and 

[0092] a heXose moiety recogniZed by a mammalian 
liver receptor, Wherein the heXose moiety is conju 
gated to the anneXin. 

[0093] Radiolabeled modi?ed anneXin-heXose moiety 
conjugates suitable for imaging vascular thrombi are also 
contemplated, Which radiolabeled anneXin-heXose moiety 
conjugates incorporate a modi?ed anneXin, a heXose moiety, 
and further a diagnostic radionuclide conjugated to the 
modi?ed anneXin. 

[0094] Another preferred conjugate of the present inven 
tion includes: 

[0095] a modi?ed anneXin, Wherein the modi?cation 
provides an accessible sulfhydryl group; 

[0096] a heXose moiety recogniZed by a mammalian 
liver receptor; and 

[0097] a NXSy chelating compound, Wherein the heXose 
moiety is conjugated to the modi?ed anneXin directly or via 
the chelating compound is conjugated to the modi?ed 
anneXin directly or via the heXose moiety. 

[0098] Radiolabeled modi?ed anneXin-heXose moiety 
conjugates suitable for imaging vascular thrombi are also 
contemplated, Which radiolabled modi?ed anneXin-heXose 
moiety conjugates incorporate a modi?ed anneXin, a heXose 
moiety, an NXSy chelating compound and further a diagnos 
tic radionuclide compleXed by the chelating compound. 

[0099] Another preferred conjugate of the present inven 
tion includes: 

[0100] 
[0101] a heXose moiety recogniZed by a mammalian 

liver receptor; and 

an anneXin multimer; 

[0102] an NXSy chelating compound, Wherein the heXose 
moiety is conjugated to the multimer directly or via the 
chelating compound and the chelating compound is conju 
gated to the multimer directly or via the heXose moiety. 

[0103] Radiolabeled anneXin multimer conjugates suitable 
for imaging vascular thrombi are also contemplated, Which 
radiolabeled anneXin multimer conjugates incorporate an 
anneXin multimer, a heXose moiety, an NXSy chelating com 
pound, and further a diagnostic radionuclide compleXed by 
the chelating compound. 

[0104] Another preferred anneXin conjugate of the present 
invention is those suitable for radiolabeling With a diagnos 
tic imaging agent including: 

[0105] 
[0106] an esterase-sensitive NXSy chelating com 
pound conjugated to the anneXin. 

an anneXin; and 
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[0107] Radiolabeled anneXin conjugates suitable for imag 
ing vascular thrombi are also contemplated, Which radi 
olabled anneXin conjugates incorporate an anneXin, an 
esterase-sensitive NXSy chelating compound and further a 
heXose moiety and a diagnostic radionuclide compleXed by 
the chelating compound. 

[0108] Another preferred conjugate of the present inven 
tion includes: 

[0109] a modi?ed anneXin, Wherein the modi?cation 
provides acessible sulfhydryl group; and 

[0110] a NXSy chelating compound conjugated to the 
anneXin. 

[0111] Radiolabeled modi?ed anneXin conjugates suitable 
for imaging vascular thrombi are also contemplated, Which 
radiolabled modi?ed anneXin conjugates incorporate a 
modi?ed anneXin, an NXSy chelating compound and further 
a diagnostic radionuclide compleXed by the chelating com 
pound. 
[0112] Another preferred conjugate of the present inven 
tion includes: 

[0113] a modi?ed anneXin, Wherein the modi?cation 
provides an accessible sulfhydrl group; and 

[0114] an esterase-sensitive NXSy chelating com 
pound conjugated to the anneXin. 

[0115] Radiolabeled anneXin conjugates suitable for imag 
ing vascular thrombi are also contemplated, Which radi 
olabled anneXin conjugates incorporate an anneXin, an 
esterase-sensitive NXSy chelating compound, and further a 
diagnostic radionuclide compleXed by the chelating com 
pound. 
[0116] Another preferred conjugate of the present inven 
tion includes: 

[0117] an anneXin multimer; and 

[0118] a NXSy chelating compound conjugated to the 
anneXin. 

[0119] Radiolabeled anneXin multimer conjugates suitable 
for imaging vascular thrombi are also contemplated, Which 
radiolabeled anneXin multimer conjugates incorporate an 
anneXin multimer, an NXSy chelating compound, and further 
a diagnostic radionuclide compleXed by the chelating com 
pound. 
[0120] Another preferred conjugate of the present inven 
tion includes: 

[0121] 
[0122] an esterase-sensitive NXSy chelating com 
pound conjugated to the anneXin. 

an anneXin multimer; and 

[0123] Radiolabeled anneXin multimer conjugates suitable 
for imaging vascular thrombi are also contemplated, Which 
radiolabeled anneXin multimer conjugates incorporate an 
anneXin multimer, 

[0124] an esterase-sensitive NXSy chelating compound, 
and further a diagnostic radionuclide compleXed by the 
chelating compound. 
[0125] It Will be evident to one of ordinary skill in the art, 
that Where a conjugate of the present invention has three 
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components (e.g., an annexin, a hexose moiety, and chelat 
ing compound), a component my be bonded to one another 
in a variety of orientations. For example, the hexose moiety 
and a chelating compound my be bonded at different sites on 
an annexin, or bonded to one another and only one is bonded 
to the annexin directly. 

[0126] For the visualization of vascular thrombi associ 
ated With a number of pathological conditions, a radiola 
beled annexin such as a conjugate of an annexin With a 
chelating compound complexed With an imaging radionu 
clide, such as Tc-99m for example, is administered to a 
recipient for Whom such a diagnosis is desired. The radio 
labeled annexin or annexin portion of the radiolabeled 
conjugate localiZes rapidly to target sites characteriZed by 
negatively charged surface phospholipids, such as vascular 
thrombi. The radionuclide is selected for its ability to be 
visualiZed via one of the various techniques therefor, e.g., 
gamma camera imaging. Because of the rapid accretion of 
annexins to the target site and the short serum half-life 
(generally less than 30 minutes) of annexins (Which is not 
signi?cantly lengthened upon radiolabeling), imaging of 
those target sites proceeds With little exposure of non-target 
sites to radioactivity. 

[0127] Diagnostic imaging is dependent on signal-to-noise 
ratio. Improvements involving either target signal accumu 
lation or noise reduction Will enhance the ef?cacy of the 
diagnostic imaging product. For targeted imaging, noise 
reduction is synonymous With reducing background radio 
activity, particularly blood pool activity. Annexins, includ 
ing annexin V, are rapidly removed by the liver; hoWever, 
only a fraction of the activity is removed With each pass of 
the circulating conjugate through the liver. 

[0128] To more ef?ciently remove the background activity 
from the blood, an improvement in liver extraction of 
annexin-containing conjugates could be employed. A pre 
ferred method to enhance liver extraction involves deriva 
tiZing the annexin-containing conjugate With a hexose moi 
ety, such as galactose, that is recogniZed by a liver receptor. 
The ef?ciency of liver receptor extraction of the moiety 
recogniZed thereby Will result in increased “per pass” 
removal by the liver of derivatiZed annexin-containing con 
jugate (e.g., annexin-galactose conjugate) in comparison to 
the amount of underivatiZed annexin-containing conjugate 
so removed. 

[0129] Further improvement in signal-to-noise ratio can 
be achieved by derivatiZing radiolabeled annexin or an 
annexin-containing radiolabeled conjugate With a cluster of 
galactose molecules recogniZed by a liver receptor. The 
ef?ciency of liver receptor extraction of the moiety recog 
niZed thereby Will result in increased “per pass” removal by 
the liver of derivatiZed annexin-containing conjugate (e.g., 
annexin-galactose cluster conjugate) in comparison to the 
amount of underivatiZed annexin-containing conjugate so 
removed. In addition, the multiple galactose residues 
arranged in a cluster are bound to the annexin conjugate 
component via a single point of attachment. Consequently, 
less or no reduction in annexin target binding affinity result 
ing from galactose cluster derivatiZation may be achieved in 
comparison to annexin-galactose conjugates. 

[0130] Annexins are generally (With the most notable 
exception being annexin II) single chain, non-glycosylated 
proteins of approximately 33-72 kilodalton molecular 
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Weight. Annexins possess a number of biological activities 
associated With calcium ion-mediated binding. 

[0131] Investigations have shoWn that annexins bind With 
high af?nity to anionic membrane lipids in the presence of 
millimolar concentrations of calcium. In the presence of 
calcium, these proteins have an especially high af?nity for 
negatively charged phospholipids, such as phosphati 
dylserine, phosphatidylglycerol, phosphatidic acid, or phos 
phatidylinositol. See, for example, Funakoshi et al., Bio 
chem. 26: 5572-78, 1987; and Tait et al., Biochem. 27: 
6268-76, 1988. Such negatively charged phospholipids are 
associated With vascular thrombi (e.g., are located on the 
surface of activated human platelets). 

[0132] Annexins exert anti-coagulatory effects. Coagula 
tion inhibition is mediated by the binding of annexins to 
negatively charged surface phospholipids (e.g., present on 
the surface of activated platelets). This binding is believed to 
block the activation of clotting factors by such negatively 
charged surface phospholipids. Annexins localiZe to target 
sites bearing anionic phospholipids rapidly, i.e., in a matter 
of approximately 5 to 30 minutes depending on circulating 
levels thereof, but remain circulating in the serum for a 
someWhat longer time period (circulating half-life<30 min 
utes). Example III beloW discusses results of imaging 
experiments Wherein vascular thrombi Were visualiZed in 
planar images at an average time (folloWing annexin admin 
istration) of 82 minutes. 

[0133] Because of these properties, annexins or annexins 
conjugated to diagnostic or therapeutic agents may be 
employed in protocols for the in vivo diagnosis or treatment 
of vascular thrombi associated With a number of indications, 
such as DVT (deep vein thrombosis), PE (pulmonary embo 
lism), myocardial infarction, atrial ?brillation, problems 
With prosthetic cardiovascular materials, stroke and the like. 
Other indications associated With accumulation of activated 
platelets, for Which the annexin conjugates of the present 
invention are useful, include the folloWing: abscess imaging, 
restenosis post balloon angioplasty (PCTA), in?ammation of 
joints (i.e., Rheumatoid arthritis), damaged endothelial cells 
(i.e., AlZheimer’s disease), imaging of clots in cerebral 
arteries, occlusions in peripheral arteries, atrial thrombosis 
imaging, and imaging of coronary and carotid artery 
thrombi. 

[0134] It is also important to characteriZe platelet popu 
lations in clinical, in vitro diagnostic, and basic research 
disciplines. Of the cell surface markers currently available to 
characteriZe platelets, many are not cross-reactive betWeen 
species and may recogniZe all platelets as opposed to just the 
activated platelet population. It is believed that annexin 
selectively binds to activated platelets in many species. Thus 
annexin conjugates of the invention can be utiliZed as an 
alternative cell marker in research and diagnostics disci 
plines such as immunohistochemistry and How cytometry. 
For example, conjugates of the present invention can be used 
to detect activated platelets in ?xed tissues/tumors, blood 
smears, in animals With coagulopathies, and in situ in 
platelet activation assays in response to various chemical or 
infectious stimuli as Well as to detect activated platelets in 
blood, cell culture assays and platelet response assays. It Will 
be appreciated by one of ordinary skill in the art that the 
conjugates of the present invention are useful for any 
purpose or indication, in Which the targeting or binding of 
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activated platelets Would be desirable, Exemplary diagnostic 
protocols and experimentation employing radiolabeled 
annexins are set forth beloW to further elucidate this aspect 
of the present invention. 

[0135] An example of a preferred annexin useful in the 
practice of the present invention is Annexin V, Which Was 
isolated by Bohn in 1979 from human placenta, a rich source 
of annexins, and termed Placenta Protein 4 (PP4) Annexin V 
has been expressed in E. coli, IWasaki et al.,]. Biochem, Vol 
102, No.5, 1261-1273 (1987). Also, a full length cDNA 
clone of annexin V has been obtained and subcloned in 
expression vectors, thereby facilitating the production of 
fusion proteins containing annexin V (see generally, Tait et 
al.,]. Biol. Chem, Vol. 270, No. 37, pp 21594-21599 (1995). 
Annexin V consists of four domains (four tandem, imperfect 
repeats of about 75 amino acid residues, Funakoshi et al., 
Biochem, 26: 8087-92, 1987), Wherein each domain is made 
up of 5 alpha helices. From the side, the annexin V molecule 
appears croWn-like With at least four calcium binding sites 
on its convex surface, through Which annexin-phospholipid 
interactions are mediated. Other annexin molecules are also 
useful in the practice of the present invention, and the 
discussions relating to annexin V herein apply generally to 
annexin molecules. 

[0136] Because annexin V has a plurality of calcium 
binding sites, and because annexin V binding to negatively 
charged phospholipids is mediated by calcium, an engi 
neered molecule consisting of one or more individual 
annexin V domains may be employed in imaging protocols 
of the present invention. Also, the annexin molecule may be 
partitioned at a position or positions different from the 
domain boundaries to provide an engineered molecule 
capable of calcium-mediated binding of anionic phospho 
lipids. Also, annexin V may be altered at one or more amino 
acid residues, so long as the af?nity of annexin V for anionic 
phospholipids is not signi?cantly impaired. For example, the 
cysteine (position 316) amino acid residue of annexin V can 
be either deleted or replaced With alanine or other non-sulfur 
containing amino acids knoWn to those of ordinary skill in 
the art; Wherein, upon labeling, a monomerically radiola 
beled annexin V is produced. 

[0137] In another example, a native annexin can be modi 
?ed at the N-terminus by adding amino acid residues to 
provide for an accessible sulfhydryl group or groups. This 
can be accomplished With the addition of at least a single 
cysteine residue near the N-terminus. The accessible sulf 
hydryl groups may be available after initial conjugation or is 
for further conjugation depending on the embodiment of the 
invention utiliZed. 

[0138] Apreferred modi?ed annexin molecule, as de?ned 
herein, is a monomeric form of annexin V With an N-ter 
minal extension of an amino acid sequence, Wherein the 
sequence is selected so that it contains amino acids adjacent 
to an amino acid countacy an accesible sulfhydryl group 
cysteine. The selected sequence Will improve target to 
normal organ ratios and superior clot imaging potential. The 
use of hydrophilic amino acids, in the sequence such as 
serine, glycine, theonine, aspartate, glutamate and others 
facilitates renal excretion of chelate products of catabolism 
folloWing uptake of the radiolabeled annexin in normal 
organs, such as the liver. One preferred amino acid sequence 
added to at the N-terminus of annexin V is Ala-Cys-Asp 
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His-Ser-Met. An advantage of this particular con?guration is 
that With the cysteine near the N-terminus, the sulfhydryl 
and neighboring amide groups provide for stable chelation 
of the technetium resulting in an N3S-like stable chelate, as 
in endogenous radiolabeling of the annexin molecule. 

[0139] Other model peptides that vary the sequence at the 
N-terminus of modi?ed annexin V (for example, the 
sequence of George et al. in Proc. Natl. Acad. Sci. USA, 
92:8358-62, 1995) can be prepared. These peptides are 
subjected to the same conditions of in vitro labeling With 
Tc-99m as described above. Peptides With suitable labeling 
characteristics can be chosen, and the sequence can be 
engineered into the recombinant annexin V molecule Suc 
cess is indicated by preparation of a derivative With speci?c 
activity as high or higher than the current derivative as 
reported by Stratton et al, in Circulation, 92: 3113-3121, 
1995; that is stable in vitro and in vivo; that retains mem 
brane and thrombus binding activity; and that is not 
adversely altered With respect to blood clearance or biodis 
tribution. If the above-identi?ed criteria is met, the modi?ed 
Annexin V molecule or dimer of the modi?ed annexin V 
molecule is used according to the invention. 

[0140] An annexin multimer composed of tWo or more 
modi?ed annexin molecules Which are limited by disul?de 
bonds betWeen one or more of the accessible sulfhydryl 
groups on the respective annexins. A preferred annexin 
multimer, is an annexin dimer. Aprototypical annexin mul 
timer is an annexin dimer. The dimer is intended to have a 
higher af?nity for the platelet membrane resulting from a 
sloWer dissociation rate. The dimer can then be accreted to 
a higher level or retained longer in the thrombus in vivo, thus 
improving the target-to-background ratio at any given time. 
The annexin multimer, as Well as the annexin dimer can be 
produced as a fusion protein using knoWn expression sys 
tems With the modi?ed annexins connected by a peptide 
linker through the accessible sulfhydrl groups. Amultimeric 
molecule can also contain additional functional sites, such as 
an endogenous radiolabeled chelation site or a free sulfhy 
dryl to alloW for attachment of a hexose moiety. Where an 
annexin dimer is produced and includes a hexose moiety and 
a chelating compound, this dimer can then be used for 
generating stabiliZed monomers for further radiolabeling 
procedures via reduction of the disul?de bonds of the dimer. 

[0141] The degree of annexin binding to phospholipids 
may be quanti?ed by ?uorescence quenching as described 
by Tait et al., J. Biol. Chem, 264: 7944-49, 1989. 

[0142] Among annexins, annexin V has the strongest 
binding af?nity (Kd<10_1O M) for phospholipid vesicles 
containing 80% phosphatidylcholine and 20% phosphati 
dylserine under conditions comparable to plasma and extra 
cellular ?uid (1.2 mM ioniZed calcium, 0.15 M ionic 
strength). This binding is reversible and calcium dependent. 

[0143] To decrease the background radiolabel activity, 
annexins (including modi?ed annexins) may be derivatiZed 
With hexose moieties or hexose-based moieties. More spe 
ci?cally, annexins may be derivatiZed to incorporate one or 
more hexoses (e.g. six carbon sugar moieties) recogniZed by 
AshWell receptors or other liver receptors, such as the 
mannose/N-acetylglucosamine receptor, Which are associ 
ated With endothelial cells and/or Kupffer cells of the liver, 
or by the mannose 6-phosphate receptor. Exemplary of such 
hexoses are galactose, mannose, mannose 6-phosphate, 
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N-acetylglucosamine, pentamannosyl phosphate, and the 
like. Other moieties recognized by AshWell receptors, 
including glucose, N-galactosamine, N-acetylgalac 
tosamine, thioglycosides of galactose and, generally, D-ga 
lactosides and glucosides and the like, may also be used in 
the practice of the present invention. Thus, hexose moieties 
useful in the practice of the present invention include a 
variety of galactose, mannose and glucose sugars recogniZed 
by liver receptors. Preferred hexose moieties are hexose 
sugars, such as galactose and galactose clusters. It should be 
understood that galactose and galactose clusters are encom 
passed by the term hexose moiety. It should also be recog 
niZed that the use of the term galactose in the discussion is 
understood to encompass not only galactose, but N-galac 
tosamine, N-acetylgalactosamine, thioglycosides of galac 
tose and generally, D-galactosides as Well; the term mannose 
is understood to encompass mannose, mannose-6-phos 
phate, pentamannosyl phosphate, and the like; the term 
glucose, is understood to encompass glucose, glucosides, 
and the like. For purposes of the invention the most pre 
ferred galactose is N-acetylgalactosamine. 
[0144] Galactose is the prototypical hexose employed for 
the purposes of this description. Galactose thioglycoside 
conjugation to a protein is preferably accomplished in 
accordance With the teachings of Lee et al., “2-Imino-2 
methoxyethyl 1-Thioglycosides: NeW Reagents for Attach 
ing Sugars to Proteins,”Bi0chemistry, 15(18) 3956, 1976. 
Another useful galactose thioglycoside conjugation method 
is set forth in DrantZ et al, “Attachment of Thioglycosides to 
Proteins: Enhancement of Liver Membrane Binding,”Bi0 
chemistry, 15(18): 3963, 1976. Annexin-galactose conjuga 
tion is also discussed in the Examples set forth herein. 

[0145] Hexose moiety conjugation to the annexin via 
chemical methods can occur either prior to (post-formed 
approach) or folloWing (pre-formed approach) conjugation 
of the chelating compound to the annexin. Hexose moiety 
chemical conjugation is preferably conducted prior to 
chelating compound conjugation, hoWever. 

[0146] The number of galactose residues on the product 
conjugates Will range from 1 to the maximum number of 
galactoses that do not signi?cantly diminish the binding 
af?nity of annexin for its target, see Example IV. For 
example, galactose derivatiZation that preserves at least 20% 
of native annexin binding activity is preferred, With the 
preservation of at least 50% of native annexin binding 
activity more preferred. The theoretically possible maxi 
mum number of galactose residues located on the annexin 
molecule is 22 (i.e., the number of lysine residues Within the 
annexin structure). An exemplary number of galactose resi 
dues on radiolabeled annexin-galactose conjugates of the 
present invention ranges betWeen 1 and about 5. 

[0147] Hexose clusters are preferably employed in the 
practice of the present invention. Galactose clusters are the 
prototypical hexose clusters employed for the purposes of 
this description. A cluster containing the galactose, N-acey 
lgalactosamine, is a preferred galactose clusters of the 
present invention. Design of hexose clusters of the present 
invention is conducted With the folloWing criteria in mind, 
as set forth in the context of the design of a galactose cluster: 

[0148] 1) Number of Galactoses in a Cluster; 
[0149] 2) Distance BetWeen Galactoses in the Clus 

ter; and 
[0150] 3) Distance BetWeen Galactose Cluster and 

the Annexin Conjugate Component. 
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[0151] With regard to criteria number 1, literature indi 
cates that galactose receptors on the surface of human 
hepatocytes are grouped as heterotrimers and, perhaps, 
bis-heterotrimers. See, for example, Hardy et al., Biochem 
istry, 2: 22-8, 1985. For optimal af?nity to such receptors, it 
is contemplated Within the present invention that each 
galactose cluster should preferably contain at least three 
galactose residues. In general, the greater the number of 
galactose residues in a cluster, the greater the propensity for 
the cluster to be recogniZed by liver receptors. 

[0152] Increased galactose cluster siZe may impair 
annexin binding to target. If signi?cant impairment in 
annexin binding to target (e.g. reduction to <20% of native 
annexin binding) is observed, a longer linker betWeen the 
tWo moieties may be used or such large clusters should not 
be employed in radiolabeled annexin-galactose cluster con 
jugates of the present invention. 

[0153] With respect to criteria number 2, the galactose 
receptors Within each trimer are separated from each other 
by distances of 15, 22 and 25 angstroms. Consequently, it is 
contemplated Within the present invention that the galac 
toses Within a cluster should preferably be separated by 
?exible linkers alloWing separation of at least 25 angstroms. 
The spacing betWeen galactose residues is likely to be more 
important if the number of galactose residues is small. With 
larger constructs, appropriate spacing is likely to occur With 
respect to galactose residues that are not immediate neigh 
bors (i.e., sugar residues that are farther apart than those that 
are immediate neighbor). Assuming an average bond length 
of 1.5 angstroms, preferred galactose clusters of the present 
invention are characteriZed by separation of neighboring 
galactose residues by about 10 bond lengths or more. Other 
preferred constructs involve galactose clusters characteriZed 
by separation of neighboring sugar residues by about 25 
bond lengths or more. 

[0154] Regarding criteria number 3, the distance betWeen 
the annexin and the galactose cluster should be suf?cient to 
obviate any adverse steric effects upon annexin binding to 
target caused by the siZe or orientation of the galactose 
cluster. This distance is preferably greater than about 7 bond 
lengths or about 10 angstroms. If necessary, an extender 
molecule is incorporated betWeen the galactose cluster and 
the linker (Which joins the galactose cluster and the annexin 
component) or betWeen the annexin and the linker to provide 
the requisite distance. 

[0155] While the foregoing parameters appear to be opti 
mal for galactose, it should be noted that these factors may 
vary With other hexoses or mixtures thereof, Which may or 
may not bind to the same receptors, or may bind differently. 
Given the teachings in this application, one of ordinary skill 
in the art can, using available synthesis techniques, attach an 
annexin and an active agent to other hexose clusters and 
identify those constructs Which provide optimal perfor 
mance. 

[0156] Any branched sugar structures that meet the criteria 
described above may be employed in the practice of the 
present invention. Preferred galactose clusters of the present 
invention are of the folloWing structures: 



US 2003/0220233 A1 

NHAc 

H 

[0157] wherein X is preferably H or methyl, resulting in 
galactose clusters bearing 4, 8, 16 and 32 galactose residues, 
respectively. Further iteration in the branching scheme 
allows expansion of the galactose cluster to include 32, 64, 
etc. galactose residues. In addition, the linker moiety 
betWeen the heXose itself and the branching structure 
(shoWn as —S—(CH2)4—NX—) may be variable in length. 

0 

H O O 

OH 

X 2 

OH 

[0158] Alternative branching structures may also be 
employed in the design of galactose clusters in accordance 
With the present invention. For eXample, other constructs 
Wherein the branching results in a doubling of the number of 
galactose residues may be employed. In addition, constructs 
Wherein branching results in a tripling or other convenient 

0 
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2 

2 

multiplying of the number of galactose residues are also 
contemplated by the present invention. 

[0159] Another potential branching construction is based 
upon the molecule bis-homotris: (HO—CH2)3—C—NH2. 
The sulfhydryl-containing derivative of this molecule may 
also be used. In this embodiment of the present invention, 
each arm of the bis-homotris molecule is extended and 
terminated in a carboXylic acid: (HO2C—(CH2)y—Z— 
(CH2)3—C—NH2), Where Z is S or O and y ranges from 1 
to about 10. For this embodiment of the present invention, 
a preferred galactose cluster is characteriZed by the folloW 
ing structures: 
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-continued 

O 

O 

[0160] wherein X is preferably H or methyl; y ranges from 
1 to about 10; and Z is O or S. The above structures bear 3, 
9 and 27 galactose residues, respectively. Further iteration of 
the branching allows expansion to include 81, etc. galactose 
residues. 

[0161] Also, X may be a loWer alkyl moiety (composed of 
tWo to tWelve carbons) different from methyl, such as ethyl, 
t-butyl and the like. X may also be a loWer alkyl group 
bearing a heteroatom, such as a loWer alkyl acid, ester, 
aldehyde, ketone or ether. 

[0162] In embodiments of the present invention Wherein 
the chelating compound is characteriZed by a single func 
tional group available and suitable for conjugation, the 
annexin, chelating compound and galactose cluster compo 
nents are preferably joined via a trifunctional linker. Func 
tional groups that are “available” for conjugation are those 
that are not prevented by steric constraints from conjugate 
formation. Functional groups that are “suitable” for conju 
gation are those that are capable, in a chemical sense, of 
reacting With available functional groups associated With 
other conjugate components. In addition, conjugation of 
“suitable” functional groups does not substantially impair a 
necessary function of the component With Which the func 
tional group is associated. For example, a functional group 
located in the complementarity determining region of an 
antibody targeting moiety Will generally not be “suitable” 
for conjugation, because the targeting ability of the antibody 
is likely to be substantially impaired by such binding. 

[0163] Useful trifunctional linkers are amenable to bind 
ing With functional groups available on the three conjugate 
components or any extender moieties employed in conjugate 
construction. Auseful trifunctional linker is lysine, Wherein 
the alpha-amino, epsilon-amino and carboxyl functional 
groups are used. One of ordinary skill in art the could 
identify other trifunctional linkers and use the same in the 
practice of the present invention as set forth herein. 

[0164] The folloWing variations for the order of compo 
nent (speci?cally the modi?ed annexin, hexose moiety and 
chelating compound) conjugation, are contemplated Within 
the present invention: 

[0165] the hexose moiety conjugated to the modi?ed 
annexin, through an accessible sulfhydryl group or 
groups, and the chelating compound conjugated to 
the modi?ed annexin through a lysine residue on the 
modi?ed annexin; a chelating compound conjugated 
to the modi?ed annexin, through accessible sulfhy 
dryl group or groups, and the hexose moiety conju 
gated to the modi?ed annexin through a lysine 
residue on the modi?ed annexin; chelating com 
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pound conjugated to hexose moiety, Which in turn is 
conjugated to the modi?ed annexin through acces 
sible sulfhydryl group or groups; the hexose moiety 
conjugated to the chelating compound, Which in turn 
is conjugated to the modi?ed annexin through acces 
sible sulfhydryl groups; chelating compound conju 
gated to the hexose moiety Which in turn is conju 
gated to the modi?ed annexin through the lysine 
residues of the modi?ed annexin, thus leaving the 
accessible sulfhydryl groups available for further 
conjugation; hexose moiety conjugated to chelating 
compound Which in turn is conjugated to the modi 
?ed annexin through lysine residues, again leaving 
the accessible sulfhydryl groups available for further 
conjugation; and other like variations. 

[0166] Cleavable linkers may be employed in the present 
invention. Such linkers are bifunctional moieties capable of 
binding With the trifunctional linker in such a Way as to 

connect the chelating compound to the trifunctional linker, 
Which in turn is connected to the annexin component and 
cluster component. Examples of suitable cleavable linkers 
include monosaccharides, polysaccharides, polyamino 
acids, hydroxyalkyl acrylamides (e.g. HPMA), polyethylene 
glycol based hydrophilic polymers, biodegradable polymers 
Which contain an ether or ester linkage, as Well as dextran 

and hemisuccinyl esters, and the like. 

[0167] Extender molecules useful in the present invention 
are bifunctional moieties capable of binding With either the 
annexin component and the linker or the galactose cluster 
component and the linker. Suitable extender molecules 

include aminocaproate moieties, HS—(CH2)nCOOH or an 
activated ester form thereof Wherein n ranges from 2 to 

about 5, and the like. One of ordinary skill in the art is 
capable of identifying and using other suitable extender 
molecules as described herein. Alternatively, the extender 
function can be served by an appropriately constructed 
linker. 

[0168] Also, binding facilitation moieties may also be 
employed in the present invention. Such moieties are bifunc 
tional and facilitate binding the conjugate components, e.g., 
galactose cluster, annexin, chelating compound, linker, and 
extender. Examples of such binding facilitation moieties 
include urea functionalities, thiourea functionalities, succi 
nate bridges, maleimides and the like. Such binding facili 
tation moieties are amenable to identi?cation and use by 
those of ordinary skill in the art. 
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[0169] An example of a linker-eXtender-binder facilitation 
system is shown below: 

[0171] Wherein the alpha-amine of the lysine linker is 
bound via a urea or thiourea functionality to an amino 

caproate spacer (Which, in turn, binds to a galactose cluster 
that is not shoWn); the lysine carboXylate is available for 
linkage to a chelating compound (not shoWn); and the 
epsilon-amine of the lysine linker is available for linkage to 
a lysine residue of the anneXin component (not shoWn) via 
a succinate bridge. Other amino acid residues of the anneXin 
component, such as cysteine, may also be employed for 
binding purposes. Alternatively a maleimide-S— 
(CH2)nCO— binding facilitation moiety-extender combina 
tion may be employed to link the sugar residue With the 
lysine. An eXample of a conjugate joined by a trifunctional 
linker is discussed in Example VII. 

[0172] When the chelating compound component of the 
conjugate is characteriZed by greater than one functional 
group available and suitable for conjugation, the galactose 
cluster may be linked to the chelating compound component 
Which, in turn, is linked to the anneXin component of the 
conjugate via tWo or more bifunctional linkers. Alterna 

tively, the heXose cluster, such as N-acetylgalactosamine, is 
linked to the accessible sulfhydryl group of the modi?ed 
anneXin and the chelating compound component is linked to 
the anneXin component via the lysine residue on the anneXin. 
In another possible con?guration, the chelating compound is 
linked to a heXose cluster through a trifunctional linker, 
Wherein the heXose cluster conjugated to the chelating 
compound is then linked to the accessible sulfhydryl group 
of the modi?ed anneXin through a binding facilitation moi 
ety. The above possible con?guration can also include a 
cleavable linker betWeen the chelating compound and the 
linker attaching the cluster to the anneXin. Preferably, the 
anneXin component of the conjugate is attached last in the 
formation of a galactose cluster-chelating compound-an 
neXin conjugate. Suitable bifunctional linkers and linking 
methodologies can be identi?ed and employed by one of 
ordinary skill in the art. An eXample of such a chelating 
compound and such a conjugation methodology is set forth 
in Example V. 

[0173] AnneXin V modi?ed With a heXose moiety, such as 
a galactose cluster containing, for eXample, a N-acetylga 
lactosamine sugar, is intended to clear faster from the blood 
by the liver, alloWing one to achieve optimal thrombus-to 
background ratios soon after administration of radiolabeled 
agent. Attachment of the cluster near the N-terminus of the 
modi?ed anneXin intended to not affect the binding of the 
anneXin moiety to thrombi. 

[0174] AnneXin conjugation to the heXose moiety and the 
chelating compound via chemical methods can occur either 
prior to (post-formed approach) or folloWing (pre-formed 
approach) compleXation of a radiometal With the chelating 
compound. In a preferred embodiment, a heXose moiety is 
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attached to the anneXin component prior to the addition of 
the radiolabel. The chemical conjugation is preferably con 
ducted folloWing radiometal compleXation, unless the 
chelating compound employed in the conjugate is capable of 
binding the radionuclide With rapid kinetics at room tem 
perature. AnneXin V is radiolabeled With an imaging radio 
nuclide for use in the present invention. 

[0175] Radionuclides useful Within the present invention 
include penetrating photon emitters including gamma-emit 
ters and X-ray emitters. These rays accompany nuclear 
transformation such as electron capture, beta emission and 
isomeric transition. Radionuclides useful include those Woth 
photons betWeen 80 and 400 keV and positron producers, 
511 keV annihilation photons and acceptable radiation dose 
due to absorbed photons, particles and half life. Radionu 
clides suitable for use in the present invention are knoWn in 

the art and include 18F, 64Cu, 186Re, 188Re, 100Pd, 212Bi, 
212Pb, 109Pd, svcu, 67Ga, 68Ga, QQrnTC, 94TC, 95Ru, 1O5Ru, 
QQRh, 1O5Rh, 111m, 1231, 1251 153Sm, 177Lu, 170Lu, 189m, 
193Pt, 199Au, 197Hg and the like. 

[0176] Tc-99m is a preferred radionuclide for the practice 
of the present invention. Tc-99m has been stably bound to 
anneXin V in accordance With the present invention at both 
loW and high speci?c activity (0.53 ptCi/ptg-1012 pCi/ug). 
Adequate radiochemical yields and good radiochemical 
purities Were obtained. Activated platelet binding studies 
Were also conducted, and the radiolabeled anneXin V con 
jugates bound to activated platelets Well. 

[0177] NXSy chelating compounds include bifunctional 
chelating compounds that are capable of coordinately bind 
ing a metal or radiometal and covalently attaching to an 
anneXin molecule. Preferred NXSy chelating compounds 
have the N252 (generally described in US. Pat. No. 4,897, 
225 or 5,164,176 or 5,120,526), N35 (generally described in 
US. Pat. No. 4,965,392), NZS3 (generally described in US. 
Pat. No. 4,988,496), N254 (generally described in Us. Pat. 
No. 4,988,496), N353 (generally described in Us. Pat. No. 
5,075,099) and N4 (generally described in US. Pat. Nos. 
4,963,688 and 5,227,474) cores. Particulary preferred NXSy 
chelating compounds have the N252 and N35 cores. N252 
and N35 chelating compounds are knoWn in the art. For 
eXample, preferred NZS2 chelating compounds are described 
in US. Pat. No. 4,897,225, and preferred N35 chelating 
compounds are generally described in US. Pat. No. 4,965, 
392 and US. Pat. No. 5,112,953. 

[0178] The NZS2 chelating compound are diamide, dimer 
captide bifunctional chelators of the NXSy family capable of 
stably compleXing a radionuclide through tWo nitrogen 
atoms and tWo sulfur atoms that are appropriately posi 
tioned. NZS2 chelating compounds are generally described in 
US. Pat. No. 4,897,225. 

[0179] Preferred chelating compounds With an NZS2 core 
also include diamine dimercaptide chelating compounds 
having the folloWing biphenyl backbone, Which are 
described in Us. patent application Ser. No. 08/463,232: 












































































