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RADIOLABELED ANNEXIN-GALACTOSE CONJUGATES

Technical Field

The present invention is directed to radiolabeled
annexin-galactose conjugates. Also contemplated by
the present invention are imaging protocols which
involve the administration of a radiolabeled annexin-
galactose conjugates. The annexin component of the
conjugate serves to deliver the radiolabeled active
component of the conjugate to vascular thrombi target
sites. The galactose component of the conjugate
facilitates rapid elimination of the radiolabeled

annexin-galactose conjugate from the circulation of a
recipient. ‘

d L OUTICL O 1 ¢ lVer ®)e
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 significant 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 elliminating a potential
complication in treatment, cardiac conditions could be
treated more safely and effectively.

Most present techniques for determining the
presence of vascular thrombli are 1nvasive and/or

cumbersome, and/or fail to detect such thrombi with
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good sensitivity and specificity. Thus, an imaging
agent useful for non-invasive vascular thrombi imaging
is desirable.

Annexins are a class of proteins that are
characterized by calcium-mediated binding to anionic
phospholipids. Anionic phospholipids are about 20-
fold more highly associated with activated platelets
than quiescent platelets, and activated platelets are
associated with vascular thrombi.

Iodinated annexin V has been shown to localize to
vascular thrombi in vivo, but has suboptimal imaging
characteristics, possibly due to the pronounced beta
phase of blood clearance owling to possible

transiodination and/or metabolic degradation with
reincorporation into serum macromolecules or non-
target tissues. Free radioactive iodine or iodine-
containing metabolic degradation products exposed non-
target tissues, especially the thyroid gland, to
radioactivity. In addition, the iodine radiolabel
used is difficult to obtain and is not therefore
practical for wide spread use. Consequently,
improved radiolabeled annexin compounds are desirable.

g @ - e 49 30

The present invention provides radiolabeled
annexin-galactose conjugates and methods of making and
using the same. Preferred annexin-containing
conjugates of the present invention are those suitable
for radiolabeling with a diagnostic imaging agent
including:

an annexin;

one or more galactose residues; and

an N,S, chelate associated with the annexin.

Also provided by the present invention are
radiolabeled annexin-—-galactose conjugates suitable for
imaging vascular thrombi, which radiolabeled annexin-
galactose conjugates include:
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an annexin;

one oY more galactose residues;

an N,S, chelate associated with the annexin; and

a diagnostic radionuclide complexed by the
chelate.

A preferred annexin for use 1in the present
invention is annexin V. A preferred radiolabeled
annexin-galactose conjugate for use 1in the present

invention is characterized by the followlng structure:

wherein n 18 1 ©or more.

Preferred diagnostic radionuclides for use 1in 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.

Brief Description of the Drawindgs

Fig. 1 schematically represents a method of

radiolabeling annexin V.

Fig. 2 shows the blood clearance of Tc-99m-annexin

V (o) and of Tc-99m-annexin V-galactose (4).
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Prior to setting forth the invention, it may be
helpful to set forth definitions of certain terms to
be used within the disclosure.

Annexin: A class of compounds characterized by
the ability to bind with high affinity to membrane
lipids i1n 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 proteins (e.qg., PAP-1, 2, 3
and 4), lipocortins, calpactins, vascular coagulant
(alpha and beta), calphobindin I, placental protein 4
(PP4), endonexin II, anchorin CII, calcium-dependent
phospholipid binding protein, and the like. See
Crumpton et al., Nature 345:212, 1990. Annexin-V 1is a
prototypical annexin molecule used in the description
of the present invention.

N,S,_Chelates: As defined herein, the term "N,S,
chelates" includes bifunctional chelators that are
capable of (i) coordinately binding a metal or
radiometal and (i1) covalently attaching to an annexin
molecule. Particularly preferred N,S, chelates have

N.S, and N;S cores. Exemplary N,S, chelates are

described 1n Fritzberg et al., Proc., Natl. Acad. Sci.
USA 85:4024-29, 1988; 1n Weber et al., Bioconi. Chem.
1:431-37, 1990; and in the references cited therein,

for instance. For the purpose of this description,
the prototypical N,S, chelate is an N,S, chelate.

N.S, _Chelates: Diamide, dimercaptide bifunctional
chelators of the N,S, family capable of stably
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complexing a radionuclide through two nitrogen atoms
and two sulfur atoms that are appropriately
positioned. Preferred N,S, chelates are described in
U.S. Patent No. 4,897,225, for example.

N.S Chelates: Triamide, mercaptide bifunctional
chelators of the N,S, family capable of stably

complexing a radionuclide through three nitrogen atoms
and one sulfur atom that are appropriately positioned.
Preferred N,S chelates are described in U.S. Patent No.
4,965,392, for example.

Radiolabeled Annexin: An annexin conjugated to a
chelate having a radionuclide complexed therein.

Radiolabeled Annexin-Galactose: A galactose-
derivatized annexin conjugated to a chelate having a

radionuclide complexed therein.

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

The present invention is directed to annexin-
containing conjugates, radiolabeled annexin-galactose
conjugates and the use thereof for diagnostic imaging
purposes. Radiolabeled annexins are characterized by
the following: rapid accretion to target cell sites
characterized by anionic phospholipids; short
circulating half-life; in vivo stability against
metabolic degradation or radionuclide separation from
chelate; and amenability to packaging in cold kit
format.

Radiolabeled annexin-galactose conjugates of the
present invention also exhibit the aforementioned
characteristics, albeit to different degrees. For
example, radiolabeled annexin-galactose conjugates
exhibit a shorter circulating half-life than theilr
radiolabeled annexin counterparts. Also, radiolabeled
annexin-galactose conjugates generally exhibit a lower
binding affinity for target sites than their
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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 of the
present invention provides a distinct opportunity to
achieve diagnostic images 1in a shorter time frame.

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

an annexin;

one or more galactose residues; and

an N,S, chelate associlated with the annexin.
Radiolabeled annexin-galactose conjugates suitable for
imaging vascular thrombi anywhere in the recipient
(but particularly in or near the heart) are also
contemplated, which radiolabeled annexin-galactose
conjugates incorporate an annexin, one or more
galactose residues, an N,S, chelate, and further a
diagnostic radionuclide complexed by the chelate.

A preferred embodiment of the present invention
involves annexin-containing conjugates suitable for
radiolabeling with a diagnostic imaging agent
including:

an annexin;

one oOor more galactose residues; and

an N,S. chelate associated with the annexin.
Radiolabeled annexin-galactose conjugates suitable for
imaging vascular thrombi are also contemplated, which
radiolabeled annexin-galactose conjugates incorporate
an annexin, one or more galactose residues, an N,S.
chelate, and further a diagnostic radionuclide
complexed by the chelate.

For the visualization of vascular thrombi

assoclated with a number of pathological conditions, a
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conjugate of an annexin with a chelate complexed with
an imaging radionuclide, such as Tc-99m for example,
is administered to a recipient for whom such a
diagnosis is desired. The annexin portion of the
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 significantly lengthened upon
radiolabeling), imaging of those target sites proceeds
with little exposure of non-target sites to
radioactivity.

Diagnostic imaging is dependent on signal-to-noilse
ratio. Improvements involving either target signal
accumulation or noise reduction will enhance the
efficacy of the diagnostic imaging product. For
targeted imaging, noise reduction is synonymous with
reducing background radiocactivity, particularly blood
pool activity. Annexins, including 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.

To more efficiently remove the background activity
from the blood, an improvement in liver extraction of
annexin-containing conjugates could be employed. A
preferred method to enhance liver extraction ilnvolves
derivatizing the annexin-containing conjugate with a
moiety, such as galactose, that 1s recognized by a
liver receptor. The efficiency of liver receptor
extraction of the moiety recognized thereby will
result in increased "per pass" removal by the liver of
derivatized annexin-containing conjugate (e.d.,
annexin-galactose conjugate) in comparison to the
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amount of underivatized annexin-containing conjugate
SO removed.

Annexins are generally (with the most notable
exception being annexin II) single chain, non-
glycosylated proteins of appréximately 33-72
kilodalton molecular weight. Annexins possess a
number of biological activities associated with
calcium ion-mediated binding.

Investigations have shown that annexins bind with
high affinity to anionic membrane lipids in the
presence of millimolar concentrations of calcium. 1In
the presence of calcium, these proteins have an
especially high affinity for negatively charged
phospholipids, such as phosphatidylserine,
phosphatidylglycerol, phosphatidic acid, or
phosphatidylinositol. See, for example, Funakoshi et
al., Biochem. 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).

Annexins exert anti-coagulatory effects.
Coagulation inhibition is mediated by the binding of
annexins to negatively charged surface phospholipids
(e.g,, present on the surface of activated platelets).
This binding 1s 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 minutes). Example III
below discusses results of imaging experiments wherein
vascular thrombi were visualized in planar images at
an average time (following annexin administration) of
82 minutes.
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Because of these properties, annexins or annexins
conjugated to diagnostic or therapeutic agents may be
employed in protocols for the diagnosis or treatment
of vascular thrombi associated with a number of
indications, such as DVT (deep vein thrombosis), PE
(pulmonary embolism), myocardial infarction, atrial
fibrillation, problems with prosthetic cardiovascular
materials, stroke and the like. Exemplary diagnostic
protocols and experimentation employing radiolabeled
annexins are set forth below to further elucidate this
aspect of the present invention.

An example of a preferred annexin useful in the
practice of the present invention is Annexin V, which
was isolated by Bohn 1n 1979 from human placenta, a
rich source of annexins, and termed Placenta Protein 4
(PP4). Annexin V has been expressed in E. ¢oli.

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. 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.

Because annexin V has a plurality of calcium
binding sites, and because annexin V binding to
negatively charged phospholipids is mediated by
calcium, an engineered 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
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positions different from the domain boundaries to
provide an engineered molecule capable of calcium-
mediated binding of anionic phospholipids. Also,
annexin V may be altered at one or more amino acid
residues, so long as the affinity of annexin V for
anionic phospholipids is not significantly impaired.
The degree of annexin binding to phospholipids may be
quantified by fluorescence quenching as described by
Tait et al., J. Blol, Chem, 264: 7944-49, 1989,

Among annexins, annexlin V has the strongest
binding affinity (Ky < 107°° M) for phospholipid
vesicles contalning 80% phosphatidylcholine and 20%
phosphatidylserine under conditions comparable to
plasma and extracellular fluid (1.2 mM ionized
calcium, 0.15 M 1onic strength). This binding is
reversible and calcium dependent.

To decrease the background radiolabel activity,
annexins may be derivatized with hexose or hexose-
based moieties. More specifically, annexins may be
derivatized to 1ncorporate one or more hexoses (six
carbon sugar moileties) recognized by Ashwell receptors
or other liver receptors, such as the mannose/N-
acetylglucosamine receptor, which are associated with
endothelial cells and/or Kupffer cells of the liver,
or by the mannose 6-phosphate receptor. Exemplary of
such hexoses and hexose-based moleties are galactose,
mannose, mannose 6-phosphate, N-acetylglucosamine,
pentamannosyl phosphate, and the like. Other moieties
recognized by Ashwell receptors, including glucose, N-
galactosamine, N-acetylgalactosamine, thioglycosides
of galactose and, generally, D-galactosides and
glucosides or the like, may also be used in the
practice of the present invention.

Galactose is the prototypical hexose employed for
the purposes of this description. Galactose
thioglycoside conjugation to a protein is preferably
accomplished 1n accordance with the teachings of Lee
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et al., "2-Imino-2-methoxyethyl 1-Thioglycosides: New
Reagents for Attaching Sugars to Proteins,"
Biochemistry 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, "

Biochemistry 15(18): 3963, 1976. Annexin-galactose

conjugation is also discussed in the Examples set
forth herein.

Hexose conjugation to the annexin via chemical
methods can occur either prior to (post-formed
approach) or following (pre-formed approach)
conjugation of the chelate to the annexin. Hexose
chemical conjugation is preferably conducted prior to
chelate conjugation, however.

The number of galactose residues on the product
conjugates will range from 1 to the maximum number of
galactoses that do not significantly diminish the
binding affinity of annexin for 1its target. For
example, galactose derivatization that preserves at
least 20% of native annexin binding activity 1is
preferred, with the preservation of at least 50% of
native annexin binding activity more preferred. The
theoretically possible maximum number of galactose
residues located on the annexin molecule 1s 22 (i.e.,
the number of lysine residues within the annexin
structure). An exemplary number of galactose residues
on radiolabeled annexin-galactose conjugates of the
present invention ranges between 1 and about 5.

Annexin V is radioclabeled with an imaging
radionuclide for use in the present invention.
Radionuclides useful within the present invention
include gamma-emitters, positron-emitters, Auger
electron-emitters, X-ray emitters, fluorescence-
emitters and the like. Radionuclides sultable for use
in the present invention are known in the art and
include %‘cu, '°°re, '"*re, '’pd, “**Bi, **Pb, P4, °'Cu,
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gngc, 94TC, 95Ru, 105Ru’ gth, 105Rh' 1111n’ 1535m' 177Lu,
ora, ¥’pt, 'Ppt, '*’Au, 'Hg and the like.

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 specific
activity (0.53 wCi/ug - 101.2 wCi/ug). Adequate
radiochemical yields and good radiochemical purities
were obtalned. Activated platelet binding studies
were also conducted, and the radiolabeled annexin V
conjugates bound to activated platelets well.

N,S. and N,S chelates are known in the art. For
example, preferred N,S. chelates are described in U.S.
Patent No. 4,897,225, and preferred N.S chelates are
described 1n U.S. Patent No. 4,965,392. The present
inventors have applied this stable chelation
technology to exploit the thrombus-targeting ability
of annexin molecules, thereby providing an imaging
agent which is able to rapidly visualize vascular
thrombi in vive. The radiolabeled annexins and
radiolabeled annexin-galactose conjugates of the
present invention can be used to obtain thronbus
images which reduce or eliminate the high level of
background radioactivity that results from
metabolically degraded radiolabeled conjugate. The
radiolabeled annexins and radiolabeled annexin-
galactose conjugates also avoid clinically

unacceptable toxicity to non-target cell sites. Tc-

99m radiolabeled annexin V performed better than I-123

in the pl1g studies set forth in Example III hereof.
Radiolabeling of annexin V with a radionuclide
using an N,S, or N.S chelate may be conducted using
either a pre-formed or a post-formed approach. That
is, the radionuclide 1is either complexed within the
chelate prior to (pre-formed) or following (post-
formed) conjugation of the chelate to annexin V. The

pre—formed approach 1s preferred and suitable

PCT/US9S/07599
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procedures therefor are set forth in Examples I, II,
and IV.

Annexin molecules may be modified by the addition
of from about 2 to about 6 terminal amino acid
residues to facilitate the conjugation reaction
between the annexin molecule and the chelate or
between the annexin molecule and a galactose residue.
For example, terminal amino acid residues may be added
to provide a sulfhydryl group or to provide a group
capable of derivatization to a maleimide group, with
such sulfhydryl and maleimide groups available for the
conjugation reaction. This modification may be made
by protein chemistry methods or via production of an
appropriate fusion protein or other techniques useful
therefor.

Radiolabeled annexins and radiolabeled annexin-
galactose conjugates of the present invention offer an
additional advantage over the previously prepared I-
123-labeled annexins, in that they are amenable to
packaging in a cold kit. That is, the annexin or
annexin~galactose and chelate components may be
individually vialed and provided separately from the
Tc-99m component (and, possibly, vialed separately
from each other). When a patient requiring a
thrombus image is identified, a cold kit may be
ordered or retrieved from storage; Tc-99m may be
obtained from a radiopharmacy or other source thereof;
the pre-formed or post-formed chelation/complexation
process is performed; the radiolabeled annexin or
radiolabeled annexin-galactose conjugate 1is
administered to the patient; and the patient 1is
subsequently imaged. For radiolabeled annexin-
galactose conjugates, an annexin-galactose conjugate
is preferably prepared and vialed in the kit.

Lyophilization and vialing in a sterille, pyrogen-
free environment of the conjugate components may be

accomplished via techniques, known to persons skilled
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in the art of good manufacturing practices,
particularly as such practices relate to biological
materilials.

Radiolabeled annexins and radiolabled annexin-
galactose conjugates of the present invention are
administered in such amounts as to deliver a
diagnostically effective amount of radionuclide to
target sites. Appropriate administered doses depend
on a variety of factors that are largely patient
specific, and practitioners in the art will consider
such factors in the practice of the present invention.
The components of the radiolabeled annexin or
radiolabeled annexin-galactose conjugates also impact
dose amounts in ways that are known to or routinely
ascertalnable by practitioners in the art. In
general, radiolabeled annexin or radiolabeled annexin-
galactose conjugate is administered to large mammals
at a dose ranging between about 0.3 and about 300
ug/kg body welight of the recipient, with from about 3
to about 10 ug/kg preferred, depending upon the
physiological characteristics of the patient and the
allment 1nvolved or suspected. A practitioner in the
art is capable of identifying an appropriate dose and
administration route for a given recipient with a
given allment.

Radiolabeled annexins or radiolabeled annexin-
galactose conjugates of the present invention may be
administered in any convenient manner therefor. For
example, intravenous infusion may be employed to
administer radiolabeled annexins or radiolabeled
anhexin-galactose conjugates. Other routes of
administration also find utility in the practice of
the present invention. Exemplary additional
administration routes are injection by the arterial
(e.dg,, coronary artery), 1lntracoronary,
intralymphatic, intrathecal, or other intracavity
routes, and the like.
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After administration of the radionuclide,
depending upon the nature of the radionuclide and the
purpose of the administration, the recipient may be
subject to various procedures for detection of
radioactive emissions from the site or sites at which
the radionuclide localizes. For example, conjugates
containing Tc~99m are imageable by a gamma camera.

The invention is further described through
presentation of the following examples. These

examples are offered by way of 1i1llustration, and not
by way of limitation.

Example I

Procedure for Radiolabeling an Annexin - N,8, Chelate
Conjugate

Annexin V can be isolated from a variety of tissue
extracts, such as liver, lung and placenta, 1n
accordance with procedures set forth in Funakoshi et
al., Biochem. 26: 8087-92, 1987); Tait et al.,
Biochem, 27: 6268-76, 1988; and U.S. Patent No.
4,937,324, for example. 1In addition, annexin V can be
expressed in E, ¢oli, as described by Tait et al.,

: hilves ¢ 3lochemis: and Bioph lcs 288: 141-44,
1991.

Annexin V was radiolabeled with Tc-99m by using a
diamide dimercaptide N,S, chelate in accordance with
the OncoTrac® Small Cell Lung Cancer Imaging Kit
labeling procedure described in J, Nucl. Med, 32:
1445-51, 1991.

A preferred method for radiolabeling annexin V
with Tc-99m constitutes a modified OncoTrac® kit
procedure using C-18 Baker purified Tc-99m-N,S,-TFP.
In this procedure, an acidified active ester solution
was prepared by adding 0.16 ml of 0.2M hydrochloric
acid: glacial acetic acid (14:2 ratio) to 0.6 ml of
2,3,5,6,-tetrafluorophenyl 4,5-bis-(S-1-ethoxy-ethyl-
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mercaptoacetamido)pentancate (0.3 mg, 0.0005 mole

freshly dissolved in 0.9 ml of isopropyl alcohol).
Then 0.5 ml of this solution was added to 1.1 ml of

Tc-99m-gluconate (prepared from 0.12 mg SnCl, 2 H,0,
5.0 mg sodium gluconate at pH 6.1-6.3, and 100 mCi/ml
of [Tc-99m] pertechnetate, i1,e., the first step in the

oncoTrac® kit labeling procedure). The reaction
mixture was heated at 75°C for 15 minutes followed by

cooling on ice. The resulting Tc-99m transchelated
tetrafluorophenyl active ester derivative of Tc-99m-
4,5-bis(thiocacetamido)pentanocate was, optionally and
preferably diluted with 2 ml water and purified by
loading the reaction mixture on a conditioned C-18
cartridge (J.T. Baker), washing with 2.0 ml water
eight times followed by drying the column for 5
minutes, and eluting with 100% acetonitrile. The
solvent was evaporated under a steady stream of N,.
Then 0.15 ml of phosphate buffered saline (PBS), 0.15
ml of annexin V at 2.35 mg/ml, and 0.2 ml of 0.2 M
bicarbonate (pH 10.0) were added for conjugation to
Tc-99m-N,S.. After 20 minutes at room temperature, the
Tc-99m=N,S,-annexin V conjugate was purified by passage
through a G-25 SEPHADEX® (PD-10) column (available
from Pharmacia) equilibrated with PBS. Fractions (1.0
ml) were collected, and those fractions containing
annexin V were pooled. Protein concentration was
determined by UV absorption at 280 nm. Tc-99m-annexin
V (300 -350 mg) conjugate solution was diluted and
stored in PBS containing bovine serum albumin (BSA) at
a final concentration of 15-20 mg BSA/ml PBS prior to

injection.
Example I1

Procedure for Radiolabeling an Annexin - N.,8 Chelate
Conjugate

S~-benzoylmercaptoacetylglycylglycylglycine (S-
benzoyl MAG,) is prepared in accordance with the
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procedures described in U.S. Patent No. 4,965,392,
Then 25 micrograms of S-benzoylmercaptoacetylglycyl-
glycylglycine is dissolved in 0.10 ml of 1.0 M
carbonate buffer (pH 12). Then 75 mCi of Tc=-99m
pertechnetate 1s added in about 1.0 ml followed by 1.0
mg of freshly dissolved sodium dithionite (10 mg/ml).
This mixture 1s heated at 100°C, plus or minus 4°C, for
3 minutes, then is cooled in an ice bath for 5 minutes
to give Tc-99m-MAG; as determined by ITLC (CH,CN
solvent); anion exchange HPLC (Beckman AX, 10 micron
0.01M Na,S0,/0.01M Na;PO,, pPH 7.0); and reverse phase
HPLC (Beckman ODS, 5 micron 2% CH,CN/0.01lM Na,PO,, pH
7.0).

The Tc-99m-MAG, complex 1n carboxylate form i1s then
esterified; 0.20 ml 1N HCl, 0.30 ml of 0.2M phosphate
buffer pH 6.0, 10.0 mg 2,3,5,6~tetrafluorophenol (TFP)
in 0.01 ml 90% CH,CN, and 12.5 mg of EDC (1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride) in 0.10 ml of 90% CH,CN are combined,
and the reactants are mixed at room temperature (25°C,
plus or minus 2°C) for 1 hour. At this point, a yield
of Tc-99m—~-MAG,-TFP ester as determined by ITLC (CH,CN
solvent); anion exchange HPLC (Beckman AX, 10 micron
0.01M Na,S0,/0.01M Na;PO,, PH 7.0); and reverse phase
HPLC (Beckman ODS, 5 micron 34% CH,CN/0.01M Na,PO,, pH
7.0). The preparation is purified using a C-18 Baker
column. The reaction mixture is, optionally and
preferably diluted with 2 ml water and loaded in the
column, washed two times with water and then eight
times with 10% C,H.:OH/0.01M Na.PO,, pH 7.0. The product
is eluted with CH.CN, and the solvent 1s removed prior
to conjugation with annexin V.

The conjugation of the active ester to annexin V
is carried out by adding annexin V in a phosphate
buffer, pH 9.5, to the Tc-99m-MAG,~-TFP ester. The
reaction is carried out for at least 30 minutes, and
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the desired radiolabeled annexin product is obtained
by passage through a PD-10 gel filtration column.

Example III
Thrombus Imaging With a Radiolabeled Annexin

s Anlme repars on_ -~ LA - = nrombi .
Fasting 25-30 kg Yorkshire swine were sedated with
intramuscular Telagﬁi (5-10 mg/kg) (commercially
available from AVECO Co.) and commercially available
Atropige (1 mg, Elkins-Sinn, Inc., Cherry Hill, NJ).
Surital (200 mg) (commercially availakle from Abbott
Laboratories) anaesthesia was administered
intravenously. The animals were intubated and given
inhalation anaesthesia of 1.5-2% halothane
(commercially available from Abbott Laboratories) and
O, sufficient to obtain a deep level of anesthesia and
physiologic arterial blood gases. Continuous
electrocardiographic monitoring was instituted using
alligator clip electrodes. A cut down in the neck
region was conducted, and an 8 french catheter (USCI
Co, Billerica, MA) was placed in the right common .
carotid artery for blood pressure and arterial blood
gas monitoring as well as for blood sampling.

The swine were placed in a right lateral decubitus
position,'and a lateral thoracotomy was performed to
expose the heart. The incision was held open by a

thoracotomy retractor. The pericardium was opened,

and the left atrial appendage was isolated from the
left atrium by a vascular cross- clamp. Rubber tipped
forceps were used to gently crush the appendage. Five
minutes later, ricinoleate (1 mg, ICN Pharmaceuticals,
Costa Mesa, CA) and thrombin (50 mg, Johnson and
Johnson Co., Arlington, Texas) were injected into the
LAA (left atrial appendage) using a 27 Ga needle. The
cross-clamp was removed 10 minutes later.

*Trademark
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One hour after the crush injury, Tc-99m-annexin V,
prepared in accordance with Example I above, was
administered as an intravenous bolus dose in an ear
vein. The intravenous line was then flushed with
saline. In 7 animals, I-125 labeled ovalbumin was
administered as a non-specific control preparable, for
example, by the procedure described by Fraker et al.,
3iochen. Bionh RE Dmmun. 80: 849-57, 1978).
Briefly, I-l125-radioclabeled ovalbumin was prepared by
the Iodogen method, employing 600 wug ovalbumin (Sigma
Chemical Co., St. Louis, Missouri) and NalI-125 (2mCi,
0.92 nmol).

Image acquisition was performed as described

below. At the end of the experimental procedure
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