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RADIOLABELED COMPOUNDS FOR THROMBUS IMAGING

BACKGROUND OF THE INVENTION

-1.  Field of the Invention

This invention relates w scintigraphic imaging agents and reagents, and
methods for producing such agents and reagents, Specifically, the invention
relates to reagents that can be radiolabeled with technetinm-99m (Tc-99m),
methods and kits for making and radiolabeling such reagents, and methods for
using such radiolabeled reagents to image sites of thrombus formation in &
mammalian body.

2.  Description of the Prior Art

“Thrombosis and thromboembolism, in particular deep vein thrombosis
(OVT) and pulmonary embolism (PE), are common clinical conditions that are
associated with significant morbidity and mortality. It has been estimated that
in the U.S. approximately 5 million patients experience one ar more episodes
of DVT per year and that over 500,000 cases of pulmonary embolism occur,
resulting in 100,000 deaths (J. Seabold, Society of Nuclear Medicine Annual
Meeting 1990). It has also been cstimated that over 90% of all pulmonary
emboli arise from DVT in the lower extremitics. Anticoagulant therapy can
effectively treat these conditions if applied carly enough. However, such
treatment is associated with risks (¢.g. intemal bleeding) that prevent
unnecessary prophylactic application.  More advanced techmiques of
thrombolytic intervention (such as the administration of recombinant tissue
plasminogen activator or streptokinase) can be used in acute cases, but these
techniques carry even greater risk. Moreover, effective clinical application of
these techniques requires that the site of the offending thrombus be identified
50 as to monitor the effect of treatment.

For these reasons, a rapid means of localizing thrombl in vivo, most
preferably using non-invasive methods, is highly desimble. Methods currently
utilized for the identification of sites of deep-vein thrombosiy are contrast
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venagraphy and compression B-mode ultrasound; the choice of which technique
isuud#epmdsohﬂwexpecwdlomﬁmofﬂxeﬁmmbm. However, the
fomuwduﬁqueis-invasivcmdbomwchniquummmfombbfo}-ﬂm
patient. In addition, these methods are in many cases either unsuitable or yield
inaccurate results,

Current methods used to diagnose PE include chest X-my,

, electrocardiogram (EKG), areterial oxygen teasion, perfusion and ventilation

lung scans, and pulmonary angiography. Apart from the latter (invasive)
procedure, none of these methods is capable of providing an unequivocal

In the field of nuciecar medicine, cextain pathological conditions are
Iocalized, or their extent is assessed, by detecting the distribution of small
quantities of internally-administered radioactively labeled tracer compounds
(called radiotracers or radiopharmaceuticals), Methods for detecting these
radiopharmaceuticals are known generally as imaging or radivimaging methods,

A variety of radionuclides are known to be useful for radicimaging,
including 9Ga, %Ga, ¥ Tc (Te-99m), ¥in, 1, 1, '*Yh and “Re. Of these
radionuclides, Tc-99m and "In are preferred single photon-emitting
radionuclides and %Ga is preferved as a positron-cmitting radionuclide. Tc-99m
is a preferred radionuclide because it amits gamma radiation at 140 keV, it has
a physical half-ife of 6 hours, and it is readily available on-site using a
molybdenum-99/technetium-99m generator.

A gamma-emitting radiotracer that binds specifically to a component of
a thrombus in preference to other tissues when administered in vivo can
provide an external scintigraphic image which defines ‘the location of the
thrombus-bound radiotracer and hence the thrombus, Thrombi are constructs
of blood cells, largely activated platelets, enmeshed in cross-linked fibein,
Activated platelets are particularly good targets for radivimaging thrombi
because they are not. normally found in circulating blood (which contains
unactivated platelets),

Activated platelets express the GPIIb/IIa receptor on their cell surfaces.

2. I
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275). Howevu, small, synthetic analogues, which may be but are not
necessarily peptides, have been developed that bind 1o this receptor (examples
include Klein ef al., 1992, U.S. Pateat No. 5,086,069 and Egbertson ¢t al.,
1992, Buropean Patent Application No. EPA 0478328A1). Although many of
these synthetic molecules bind with only Jow affinity, others have been made
that have very high affinity (see Egbertson er al., ibid.)). This invention
provides small, synthefic, radiokabeled (preferably Tc-99m, *MIn or ®Ga
labeled) compounds that bind to the GPIIb/iTIa receptor with high affinity, as
scintigraphic agents for non-invasive imaging of thrombi in vivo.

Attempts to provide radiotracers for imaging thrombi are lmown in the
pror art, These include autologous platelets, labeled with either **In or ™ Tc
(T¢-99m), and '2I- and **I-labeled fibrinogen (the latter detected with a gamms
scintillation probe as opposed to a gamma camera), Additional radiolabeled
compounds used to label thrombi include plazmin, plasminogen activators,
heparin, fibvonectin, fibrin Fragment E, and anti-fibrin and anfi-platelet
manoclonal antibodies [see Knight, 1990, Sem. Nucl, Med. 20: 52-67 for
review].

Compounds having the ability to bind to the platelet GPIIb/IIa receptor
are Ynown in the prior arnt. '

Ruoslahti & Pierschbacher, U.S. Patent No. 4,578,079 describe peptides

of seqquence X-Arg-Gly-Asp-R-Y, wherein X and Y are either H or an amino

acid, and R is Thr or Cys, the peptides being capable of binding to platelets,

Ruoslaiti & Pierschbacher, U.S. Patent No. 4,792,525 describe peptides
of sequence Arg-Gly-Asp-X, wherein X is Ser, Thr or Cys, the peptides being
capable of binding to platelets,

Kiein er al., 1992, U.S. Patent No. 5,086,069 disclose guanine
derivatives that bind to the GPIIb/IIIa receptor.

Pierschbacher ¢ al., 1989, PCT/US88/04403 disclose conformationally-
restricted RGD-containing peptides for inhibiting cell attachment 0 a
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substratum,

Nutt ¢ al., 1990, European Patent Application 90202015.5 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists.

Nutt ¢r ol., 1990, European Patent Application 90202030.4 dxsclose
cydlic RGD peptides that arc fibrinogen receptor antagonists,

Nutt ez al,, 1990, European Patent Application 90202031.2 dmlose
cyclic RGD peptides that are fibrinogen receptor antagonists,

Nutt & al., 1990, European Patent Application 90202032.0 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists.

Nuit ez al.,, 1990, European Patent Application 90311148.2 discloss
cyclic peptides that are fibrinogen receptor antagonists.

Nutt & al., 1990, European Patent Application 90311151.6 disclose
cyclic peptides that are fibrinogen receptor antagonmists.

Ali &2 al., 1990, European Patent Application 90311537.6 disclose ¢yclic
peptides that are fibrinogen receptor antagonists.

Batker & al., 1991, PCT/US90/03788 disclose cyclic peptides for
inhibiting platelet aggregation.

Pierschbacher er al., 1991, PCT/US91/02356 disclose cyclic peptides
that are fibrinogen receptor antagonists.

Duggan er al , 1992, European Patent Application 92304111.5 disclose
fibrinogen receptor antagonists.

Garland er af, 1992 European Patent Applications 92103861.8 and
92108214,5 disclose phenylamide derivatives as platelet aggregation inhibitors.

Bondinell er al, 1993, Intemational Patent Application Serial No.
PCT/US92/05463 disclose bicyclic fibrinogen antagonists,

Blackbum er of, lmsmoationsl Patent Application Serial No.
PCT/US92/08788, disclose nonpeptidy! integrin inhibitors having specificity for
the GPIIb/HIa receptor. '

Egbextson e al., 1992, European Pateat Application 0478328A1 disclose
tyrosine derivatives that bind with high affinity to the GPIIb/IIIa receptor.

Ojima e al., 1992, 204th Meeting, Amer, Chem. Soc. Abst. 44
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disclose synthetic multimeric RDGF peptides useful in inhibiting platelet
aggregation.

Hartman et al,, 1992, J. Med. Chem. 35: 4640-4642 describe tyrosine
derivatives that have a high affinity for the GPIIb/IIIa receptor,

Radiolabeled peptides for radioimaging thrombi have been reported in
the prior art. _

Stuttle, 1990, PCT/GB90/00933 discloses radioactively labeled peptides
contzining from 3 to 10 amino acids comprising the sequence arginine-glycine-
aspartic acid (RGD), capable of binding to an RGD binding site in vive,

Rodwell er al., 1991, PCT/US91/03116 disclose conjugates of
*molecular recognition units* with "effector domaing™,

The use of chelating agents for radiolaheling peptides, and methods for
Iabeling peptides with Tc-99m arc known in the prior art and are disclosed
in co-pending U.S. Patemt Applications Serial Nos. 07/653,012, 07/807,062,
07/871,282, 07/886,752, 07/893,981, (07/955,466, 08/019,864, 08/073,577, and
08/ , and radiolabeled peptides for usc as scintigraphic imaging
agents for imaging thrombi are known in the prior art and are disclosed in co-
pending U.S. Patent Applications Serial Nos. 07/886,752, 07/893,981,
08/044,825 and 08/ which are hereby incorporated by reference,

There remains a need for small (to enhance blood and background tissue
clearance), synthetic (to make routine manufacture practicable and to ease
regulatory acceptance), high-affinity, specific-binding molecules radiolabeled
with a convenient radiolabel, preferably Te-99m, for use in imaging thrombi
in vivo, Small synthetic compounds that bind specifically to the GPIIb/Illa
reccptor on activated plaielets, that are radiolabeled with 2 conventient
radioisotope, preferably Tc-99m, ™In or ¥Ga, fulfill this need in the art, and
are provided by this invention.

SUMMARY OF THE INVENTION
The present invention provides scintigraphic thrombus imaging agents
that are radicactively-labeled reagents. Specifically, the invention provides
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reagents for preparing thrombus imaging agents that are radiolabeled with
technetium-99m (Tc-99m), *In or #Ga, preferably with Tc-99m. The reagents
of the invention are each comprised of a specific binding compound, including
but not imited to peptides, that binds specifically and with high affinity to the
plarelet glycoprotein /Il (GPYI/INb) reccptor, that is covalently linked to
a radiolabel-complexing moicty.

For optimal imaging, the reagent must be capable of binding to the
platelet GPTIb/IHa receptor with sufficient affinity that it inhibits the adenosine
diphosphate (ADP)-induced aggregation of human platelets in a standard platelet
aggregation assay (see Example 3 below) when present at a concentration of
no more than 0.3 gM. Also, it is of distinct commercial advantage to nse
small compounds, preferably having a molecular weight of less than about
10,000 daltons. Such small compounds can be readily maoufactured,
Moreover, they are likely not to be immunogenic and to clear rapidly from the
vasculature, thus allowing for better and more rapid imaging of thrombi, In
contrast, larger molecules such as antibodies of fragments thereof, or other
blologically-derived peptides larger than 10,000 daltons, are costly to
manufacture, and are likely to be immunogenic and clear more slowly from the
bloodstream, thereby interfering with rapid diagnoses of thrombi in vive,

The invention also provides reagents wherein the specific binding
compownds sre linear or cyclic peptides having an amino acid sequence of 4
to 100 amino acids.

One aspect of the invention provides a reagent for preparing a thrombus
imaging agent that is capable of being radiolabeled for imaging thrombi within
a mammalian body, comprising a specific binding compound that specifically
binds to the platelet GPIIb/Illa receptor, and that is covalently linked to a Tc-
99m complexing moiety of formula:

&
C(pgp)*-(aa)-Clpgp)®
whercin C(pgp)® is 2 protected cysteine and (aa) is any primary o« or f-amino
acid not containing a thiol group. In a preferred embodiment, the amino acid

This Sheet Has Been Replaced
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is glycine,

In another embodiment, the inveation provides a reagent for preparing
a thrombus imaging agent that is capable of being radiofabeled for imaging
thrombi within & mammalian body, compnsmgaspeclﬁcbmﬂmgcompound
that specifically binds to the platelet GPIb/IIa receptor, that is covalently
linked to a Tc-99m complexing moicty comprising a single thiol-containing

_moiety of formula:

.
A-CZBHCERR)-X

wherein A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
or peptide)-00C or R*; B is. H, SH or -NHR?, -N(R)-(amino acid or peptide)
or R% X is SH or -NHR", -N(®)-(amino acid or peptide) or R%; R}, R}, R?
and R* are independently H or straight or branched chain or cyclic lower alkyl;
nis 0, 1 or 2; and: (1) where B is -NHR® or -N(R®)-(amino acid ox peptide),
XisSHandnis 1 or 2; (2) whethis-NHR’ot-N(R’}—(amimadd.or
peptide), B is SH and n is 1 or 2; (3) where B is H or RY, A 1s HOOC,
H,NOC, (amino acid or peptide)-NHOC, (amino acid or peptide)-00C, X it
SH and n ix 0 or 1; (4) where A iz H or RY, then whers B is SH, X is -~
NHR? or -N(R*)-(amino acid o peptide) and where X is SH, B is -NHRY ox -
N{RY)-(amino acid or peptide); (5) where X is H or R, A is HOOC, H;NOC,
{amino acid or peptide)-NHOC, (amino acid or peptide)-O0C and B is SH; (6)
where Z is methyl, X is methyl, A is HOOC, H,LNOC, (amino acid or
peptide)-NHOC, (amino acid or peptide)-OOC and B is SH and n is 0; and (7)
where Z is SH and X is SH, n is not 0; and wherein the thiol moiety is in the
reduced form and wherein (amino acid) is any primary «- or 8-amino acid not
containing a thiol group.

In particular embodiments of this aspect of the mvmtion, the radiolabel-
complexing moiety has a formula that is:

Ifa, -{amino acid)'-(amino acidy*-{A-CZB®){CR'RY]-X},

b, -{A-CZ(B)-[C(R‘R’)]."X}‘(M acid)’-(amino acid)?,

IO¢, ~(a primary a,w- or 3,co-diammo acid)-(amino acld) -{A-CZ(B)

Sheet Has Been Reﬂlaced
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[CR'RI)L-X}, or

od. -{A-CZ(B)-[CR'R)],X}~(amino acid)'-(a primary e,u- or 8,u~
diamino acid)
wherein (amino acid)' and (amino acid)* are each independently any natoraily-
ocurring, modified, substituted or altered o~ or S-amino acid not containing a
thiol group; A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-OOC or R* B is H, SH or -NHR®, -N(R)-(amino acid or
peptide) or R X iz SH or -NHR®, -N(RY)-(amino acid or peptide) or R%; RY,
B, R’ and R* arc independently H or straight or branched chain or cyclic
lower alkyl; n is an integer that is either 0, 1 or 2; and: (1) where B is -
NHR? or -NR")-(amino acid or peptide), X is SH and o is 1 or 2; (2) where
X iz -NHR? or -N(R%-(amino acid or peptide), B is SH and n is 1 or 2; (3)
where B is H or RY, A is HOOC, H,NOC, (amino acid or peptide)} NHOC,
(amino acid or peptide)-O0C, X is SH and n is 0 or 1; (4) where A is H or
R, then where B is SH, X is -NHR? or -N(R%)-(amino acid or peptide) and
where X is SH, B is -NHR® or -N®’)-(amino acid or peptide); (5) where X
is H or R*, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
ar peptide)-00C and B is SH; (6) where Z is methyl, X is methyl, A is
HOOC, H,NQC, (amino acid or peptide)-NHOC, (amino acid or peptide)-00C
and B is SH and n is 0; and (7) where Z is SH and X is SH, 1 is not 0; and
wherein the thiol group is in the reduced form,

In another embodiment, the invention provides a reagent for preparing
a thrombus imaging agent that is capable of being radiolabeled for imaging
thrombi within 2 mammalian body, comprising a specific binding compound
that specifically binds to the platelet GPIIb/IHa receptor, and that is covalently
linked to a radiolabel-complexing moicty of formula: '

.

@-co-(mimacm)- teine - CO - peptide
X

{for purposes of this invention, radiolabel-binding moieties having this structure
will be referred to as picolinic acid (Pic)-based moieties];

eet Has Been R
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[for purposes of this invention, radiolabel-binding moieties having tiis structure
will be referted to as picolylamine (Pica)-based moieties]; wherein X is H or
a protecting group; (amino acid) is any primary o- or S-amino acid not
containing a thiol group; the radiolabel-complexing moiety is covalently linked
10 the peptide and the complex of the radiolabel-complexing moiety and the
radiolabel is clectrically neutral, In a preferred embodiment, the amino acid
is glycine and X is an scetamidomethyl protecting group. In additional
preferred cmbodiments, the peptide is covalently linked to the radiclabel-
complexing moiety via an amino acid, most prefemably glycine.

Yet another embodiment of the invention provides a reagent for
preparing a thrombus imaging agent that is capable of being radiolabeled for
imaging thrombi within a mammalian body, comprising a specific binding
eompound that specifically binds to the platelet GPIIb/Iifa receptor, and that

is covalently linked to a radiolabel-complexing moiety that is a bisamino
bisthiol radiolabel-complexing moiety. The bisamino bisthiol moiety in this
embodiment of the invention has a formula selected from the group consisting
of: V.
e,
N-A-CO-X
(CR’z). CR%),
5 (eep) -(pgp)*
wherein each RY can be independealy H, CHy or CHy; each (pgp)® can be
independently a thiol protecting group or H; m, n and p are independently 2
or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or
substituted derivatives thercof; and X is peptide; and

T




V1.
(CR’{):
NH N-A-CHE(V)NHR®
( 72 (Ck’z),
5 su sn

whmneachn’xsmdcpendmﬂyﬂ lowaalkylhavmglmémboamm,
phenyl, or phenyl substituted with lower alkyl or lower alkoxy; m, n and p are
independently 1 or 2; A is linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof; V is H or CO-(amino acid or
10 peptide); RS is H, (amino acid) or peptide; provided that when V is H, R¢ is
amino acid or peptide and when RS is H, V is amino acid or peptide, wherrin
(amino acid) is any primary o- or S-amino acid not containing a thiol group.
[For purposes of this invention, radiclabel-binding moieties having these
structures will be referred to as "BAT® moieties], In a preferred embodiment,
15 the peptide is covalently linked to the radiolabel-complexing moiety via an

amino acid, most preferably glycine.

In preferred embodiments of the aforementionsd aspects of this
invention, the specific binding compound is a peptide is comprised of between
4 and 100 amino acids. The most preferred embodiment of the radiolabel is

20 technetium-99m,

The reagents of the invention may be formed wherein the specific
binding compounds or the radiolabel-complexing moieties are covalently linked
to a polyvalent linking moiety. Polyvalent linking moieties of the invention are
comprised of at least 2 identical linker functional groups capable of covalently

25 bonding to specific binding compounds or radiclabel-complexing moieties.
Preferred linker functional groups are primary or secondary ﬁnﬂ. hydroxyl
groups, carboxylic acid groups or thiol-reactive groups, In prefered
embodiments, the polyvalent linking moieties are comprised of dis-
succinimdylmethylether (BSME), 4-(2,2-dimcthylacetybbenzoic acid (DMAB),

30 tris(succininidylethylyamine (TSEA), #is(2-chloroacetamidoethylamine, 1,2-bis-
[2-(chloroacetamido)ethoxyjethane, and  N-[2-(N',N’-bis(2-succinimidoethyl)

10
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aminoethyl)}-M, N-bis(2-methyl-2-mezcaptopropyl)-6,9-diazanonanamide (BAT-
BS). .
The invention also comprises scintigraphic imaging agents that are
complexes of the reagents of the invention with Te-99m, MiIn or *Ga, ‘most
preferably Tc-99m and methods for radiolabeling the reagents. Te-99m
radiolabeled complexes provided by the invention are formed by seacting the
reagents of the invention with Tc-99m in the preseace of a reducing agent.
Preferred reducing sgents include but are not limited to dithionite ion, stannous
jon and ferrous jon, Complexes of the invention are also formed by labeling
the reagents of the invention with Tc-99m by ligand exchange of a prereduced
Tec-99m complex as provided herein,

The invention also provides kits for preparing scintigraphic imaging
agents that are the reagents of the invention radiolabeled with Te-99m. ™ Kits
for labeling the reageats provided by the invention with Te-99m are comprised
of a sealed vial containing a predetermined guantity of a reagent of the
invention and a sufficient amount of reducing agent to lahel the reagent with
Tc-99m. '

This invention provides methods for prepating peptide reagents of the
invention by chemical synthesis in vitro. In a preferred embodimeant, peptides
are synthesized by solid phase peptide synthesis.

This invention provides methods for using scintigraphic imaging agents
that are Te-99m labeled reagents for imaging thrombi within a mammalian
body by obtaining in viw gamma scintigraphic images. Thess methods
comprise administering an effective diagnostic amount of Tc99m Ilabeled
reagents of the invention ang detecting the gamma radiation emitted by the Te-
99m label localized at the thrombus site within the mammalian body.

Specific preferred cmbodiments of the present invention will become
evident from the following more detailed description of certain preferred
embodiments and the claims.

« (B
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DRETAILED DESCRIPTION OF THE INVENTION
The present invention provides reagents, including peptide reagents, for
preparing radiolabeled thrombus imaging agents for imaging a thrombus within
a mammalian body, The reagents provided by the invention comprise 2
radiolabel binding moiety covalently linked to a specific binding compound that
binds a platelet receptor that is the platelet GPIIb/IIa receptor and is capable

.of inhibiting human platelet aggregation in platelet-rich plasma by 50% when

present at a concentration of no more than 0.3zM. For purposes of the
invention, the term thrombus imaging rcagent will refer to embodiments of the
invention comprising a specific binding compound covalently linked to a
radiolabel-complexing moicty and radiolabeled, prefersbly with Tc-99m, "'n
or #Ga, most preferably with Tc-99m.

Labeling with Tc-99m is an advantage of the present invention because
the nuclear and radicactive properties of this isotope make it an ideal
scintigraphic imaging agent, This isotope has a single photon energy of 140
keV and a mdicactive half-life of about 6 hours, and is readily available from
a PMo-""Tc generator. Another advantage of the present invention is that
none of the preferred radionuclides are toxic, in contrast to other radionuclides
known in the art (for example, ™). '

In the Tc-99m complexing moieties and compounds covalently linked to
such moieties that contain a thiol covaleatly linked to a thiol protecting groups
[(pep)®] provided by the invention, the thiol-protecting groups may be the same
or different and may be but are not limited to:

-CHy-aryl {aryl is phenyl or alkyl or alkyloxy substituted phenyl);

~CH-(aryl);, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);

-C-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);

_ “CHy(4-methoxyphenyl);

-CH-(4-pyridyl)(phenyl),;

-C(CHy)

-S-phenylfluorenyl;

~CH,NHCOR (R is unsubstituted or substituted alkyl or aryl);

2. ‘This Sheet Has Been Re’ili:[:ed
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~CH,-NHCOOR (R is unsubstituted or snbstituted alkyl or aryl);

-CONHR (R is unsubstituted or substituted alkyl or aryl);

~CH;-S-CHy-phenyl .

Prefersed protecting groups bave the formula -CH,-NHCOR wherein R
is a lower alkyl having 1 and 8 carbon atoms, phenyl or phenyl-substituted
with lower alkyl, hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl.
The most preferred protecting group is an acetamidomethyl group.

Each specific-binding peptide-containing embodiment of the investion is
comprised of a sequence of amino acids. The term amino acid as used in this
invmﬁonisinmdedwinghldembandb-,pﬁmatyu-mﬂminoadds.
naturally occurring and otherwise. Specific-binding peptides provided by the
invention include but are not limited to peptides having the following sequences
(the amino acids in the following peptides are rL-amino acids except where
atherwise indicated):

?H,COéY.,. Apc‘GD(,:GGG
C.tH,CO.Yb.Apc.GD(EKG

S
CB,CO. Y, Ape.GDCGG
s

CH,CO.Yp. Ape.GDC
)

CH,CO. ¥y Apc.GDCK
s

€H,CO.Yp. Amp.GDC
S

CH,CO.Y,, Anip.GDCK
Si

and O-(4-piperdinyl)buty] tyrosine,

Specific-binding peptides of the present invention can be chemically
synthesized in vitro.  Peptides of the present invention can generally
advantageously be prepared on an pepiide synthesizer. The peptides of this
invention can be synthesized wherein the radiofabel-binding moiety is covalently
linked to the peptide during chemical synthesis in vitro, using techniques well
known to those with skill in the art. Such peptides covalently-linked to the
radiolabel-binding molety during synthesis are advantageous becanse specific

13 "~ This Sheet Has Been Reﬂll
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sites of covalent linkage can be determined.

Radiolabel binding moictics of the inveantion may be introduced into the
taxget specific peptide during peptide synthesis. For embodiments comprising
picolinic acid [(Pic); e.g., Pic-Gly-Cys(protecting group)-], the radiolabel-
binding moiety can be synthesized as the last (i.e., amino-terminal) residue in
the symthesis, In addition, the picolinic acid-containing radiclabel-binding
moiety may be covalently linked to the e-amino group of lysine to give, for
example, aN(Fmoc)-Lys-eN[Pic-Gly-Cys(protecting group)]l, which may be
incorporated at any position in the peptide chain, This sequence is particulady
advantageous as it affords an easy mode of incorporation into the target binding
peptide.

* Similarly, the picolylamine (Pica)-containing radiolabel-binding maiety
[-Cys(protecting group)-Gly-Pica] can be prepared during peptide synthesis by
including the sequence {-Cys(protecting group)-Gly-] at the carboxyl terminus
of the peptide chain. Following cleavage of the peptide from the resin the
carboxyl terminus of the peptide i3 activated and coupled to picolylamine. This
synthetic route requires that reactive side-chain functionalities remain masked

(protected) and do not react dux{ng the conjugation of the picolylamine.

Exampies of small synthetic peptides containing the Pie-Gly-Cys- and -
Cys-Gly-Pica chelators are provided in the Examples hereinbelow. This
invention provides for the incorporation of these chelators into virtually any
peptide capable of specifically binding to a thrombus ## wvo, resulting in a
radiolabeled peptide having Tc-99m held as neutral complex.

This invention also provides specific-binding small synthetic peptides
which incorporate bisamine bisthiol (BAT) chelators which may be labeled with
Tc-99m. This invention provides for the incorporation of thess chelators into
virtually any peptide capable of specifically binding to a thrombus in viw,
resulting in a radiolabeled peptide having Tc-99m held as neutral complex, An
example of a small synthetic peptide containing a BAT chelator as radiolabel-
binding moiety is provided in the Examples hereinbelow.

In forming a complex of radioactive technetium with the reagents of this

14 . This Sheet Has Been Rs laced
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juvention, the technetium complex, preferably a salt of Te-99m pertechnetate,
ix reacted with the reagent in the presence of a reducing agent. Preferred
reducing agents are dithionite, siannousandfenbuimx;ﬂwmostpmf_med
reducing ageat is stannous chloride, Means for preparing soch complexes are
conveniently provided in a kit form comprising a scaled vial containing a
predetermined quantity of a reageat of the invention to be labeled and a
sufficient amount of reducing agent % label the reagent with Te-99m.
Altematively, the complex may be formed by reacting a reagent of this
invention with a pre-formed labile complex of technetium and another
compound known as a transfer figand. This process is known as ligand
exchange and is well known to those skilled in the art. The labile complex
may be formed using such transfer ligands as tartrate, citrate, gluconate or
mannitol, for example. Among the Te-99m pertechnetate salts useful with the
present invention are included the alkali metal salts such as the sodium salt,
or ammoanium salts or lower alkyl ammonium salts,. In a preferrﬁ
embodiment of the invention, a kit for preparing technetium-labeled peptides
is provided. An appropriate amount of the reagent is introduced into a vial
containing a reducing agent, such as stannous chloride, in an amount sufficient -
to label the reagent with Tc-99m. An appropriate amount of a transfer ligand
as deseribed (such as tartrate, citrate, gluconate or mannitol, for example) can
also be included. ‘The kit may also contain conventional pharmaceutical adjunct
matetials such as, for example, pharmaceutically acceptsble saits to adjust the
ozmotic pressure, buffers, preservatives and the like, The components of the
kit may be in liquid, frozen or dry form, In a preferred -embodiment, kit
components are provided in lyophilized form.

Radiolabeled thrombus imaging reagents according to the present
invention may be prepared by the addition of an appropriate amount of Tc-99m
or Tc-99m complex into the vials and reaction under conditions described in
Example 4 hereinbelow.

‘Radioactively-labeled scimigraphic imaging agents provided by the
present invention are provided having a suitable amount of radioactivity. In
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forming T¢-99m radicactive complexes, it is gensrally preferred to form
radicactive complexes in solutions containing radicactivity at concentrations of
from about 0.01 millicuric (mCi) to 100 mCi per mL. |
The thrombus imaging reagents provided by the present invention can
be used for visualizing thrombi in a mammalian body when To-99m labeled,
In sccondance with this invention, the Tc-99m labeled reagents are administered
in a single unit injectable dose. The Tc-99m labeled reagents provided by the
invention may be administered intravenously in any conventional medium for
intravesons injection such as an aqueous saline medium, or in blood playma
medium. Generally, the unit dose to be administered has a radioactivity of
about 0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution

'to be injected at unit dosage is from sbout 0.01 mL to about 10 mL. After

fntravenous administration, imaging of the thrombus in viw can take place in
a matter of a few minutes, However, imaging can tals place, if desired, in
hours or even longer, afier the radiolabeled peptide is injected into a patient,
In most instances, a sufficient amount of the administered dose will accumulate
in the area to be imaged within about 0.1 of an hour to permit the taking of
scintiphotos. Any conventional method of scintigraphic imaging for diagnostic
purposes can be utilized in accordance with this inveation.

It will also be recognized by thase having skill in the relevant arts that
thrombi are commonly found at sites of atherosclerotic plague; that integrin
receptors that may bind 1o the scintigraphic imaging agents of the invention
may be found in certzin tumors; and that such integrin receptors are involved
in cell adhesion processes that accompany or initiate leukocyts localization at
tites of infection. Thercfore it will be recognized (hat the scintigraphic
imaging agents of this invention have additiona) utility s imaging agents for
imaging sites in which the GPHW/IIIa receptor is expressed, including |
atherosclerotic plaques, tumors and sites of infection,

The methods for making and labeling these compounds are more fylly
fllustrated in the following Examples, These Examples illustrate certain aspects
of the above-described method and advantageous results. These Examples are
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shown by way of illustration and not by way of limitation,

EXAMPLE 1
Syntmsls of BAT-EM (V-12-(N", N'-ma—mle:midoemynmmeﬂaym-

BAT-BM was prepared as follaws. BAT acid (N-(t—bumxywbonyl)-

.N* NP-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanoicacid)(10.03g,

10.89 mmol) and 75mL of dry methylene chioride (CH,CL) wers added to a
250mL round-bottomed flask equipped with magnetic stir bar and argon
balloon. To this solution was added diisopropyl-carbodiimide (3.40mL, 21,7 .
mmol, 199 mole%), followed by N-hydroxy-succinimide (3.12g, 27.1 mmol,
249 mole%). This solution was observed to become cloudy within 1h, and
was further incubated with stirting for a total of 4h at room temperature. A
solution of sris(2-aminoethyl)amine (30mL, 200 mmol, 1840 mole%) in 30mL.
methylens chloride was then sdded and stiring continued overnight, The
reaction mixture was then concentrated under reduced pressure, and the residue
partitioned between ethylacetate (150ml) and 0.5M potassium carbonate
(K;CO,; 150mL). The organic layer was separated, washed with brine and
concentrated to give the crude product N-[2-(N',.N'-bis(2-aminocthyllamino

- ethyD)}-N-(r-butoxycarbonyl)-N*, N-bis(2-methyl-2-triphenylmethylthiopropy))-6,9-

diazanonanamide as a foam/oil,

This crude product was added to a 1000ml. round-bottomed flask,
equipped with magnetic stir bar, containing 300mL THF, and then 30mlL
saturated sodium bicarbonate (NaBCOy), 100mL water and N-methoxycarbonyl
maleimide (6.13g, 39.5 mmol, 363 mole%) were added. This heteropeneous
mixture was stired ovemight at room temperature, THF was removed from
the mixture by rotary evaporation, and the aqueous residue was twice extracted
with ethylacetate 2X 75mL). The combined organic layers of these extractions
were washed with brine, dried over sodium sulfate, filtered through a medium
frit and concentrated to about 12g of crude product, Purification by liquid
chromatography (250g silicon dioxide/ eluted with a gradient of chloroform —»

i
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2% methanol in chloroform) afforded $.3g of pure product (N-[2-(N',N"-bix(2-
maieimidoethyl)aminocthyl)]-A*~(-butoxycarbonyl)-NF, N*-bis(2-methyl-2-
triphenylmethylthiopropyl)-6,9-diazanonanamide) {equivaleat to 40% yield),
along with approximately 5g of crude product that can be re-purified to yield
pure product. Chemical analysis of the purified product confirmed its identity
as BAT-BM sas follows:

'H NMR (200 mHz, CDCly): 5 0.91 (12H,5), 1.38 (9H,5), 1.2-1.6 (4H,m),
2.06 (2H,s), 2.18 (2H,t,1=7), 2.31 (4H,m), 2.55 QH,4,I=5), 2.61 (4H,t,T=6),
2,99 (2H.s), 3.0-3.3 (4H,m), 3.46 (4H,t,J=6), 6.49 (-NH,t,T=4), 6.64 (4H,s),
7.1-7.3 (18H,m), 7.6 (12H,4,Y=17).

2ris(2- annnoemyl)amme (1.49 mL, 10 mmol) dissolved in 50 mlL
saturated aqueous sodium bicarbonate and cooled in an ice'bath, was treated
with N-carbomethoxymaleimide (4.808 2. 31 mmoD). The mixture was stivved
for 30 min on ice and then for another 30 min at room temperature. The
mixture was then partitioned between dichloromethane and water, dried over
magnesivm sulfate, filtered and evaporated to give 3.442 g of product,
Reverse phase thin-layer chromatography (RP-TLC) yielded essentially 1 spot
(R= 0.63 in I:1 acetonitrile : 0.5 M sodium chloride), 3.94 mmal (1.817g)
of this product was dissolvad in 20 mil. tetrahydroferan and 20 ml, saturated
sodium bicarbonate and mixed for 2 h. The reaction mixture was then
partitioned between ethyf acetate and water. The organic phase was washed
with saturated sodium chloride, dried over magnesium sulfate, and filtered.
The ethyl acetate solution was diluted with hexanes and cooled. Solid TMEA
was collected by filtration and dried to a yield of 832 mg, Chemical analysis
of the product confirmed its identity as TMEA as follows:

IH NMR (CDCL,): 2.65 (ir. 2 H), 3.45 (ir.2 H). 6.64 (s. 2 H).
“C NMR (CDCly), 35.5, 51.5, 133.9, 170.4.
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m.s[Z-(Z-chlomaceumldo)ethyl]amine was pmpared as follows. To a

" solution of sris(2-aminoethyl)amine (1.49mL, 10 mmol) in dichloromethane

(50mL) was added powdered K,CO, (6.9g, 50 mmol) followed by chioroacetyl
chléride (2.6mL, 33 mmol) dropwise. Vigorous boiling resulted. ‘The mixture
was cooled and 50ml. water added. The organic layer was separated, dried
over MgSO, and evaporated to give the title compound as a crystalline solid
(2.5¢g, 6.6 mmol, equal to 66% yicld). Thin layer chromatography, performed
using C18 reverse phase chromatography plates and a 50:50 mixtore of
acetonitrile and 0.5M NaCl in water, showed a single spot with R, equal to
0.62. The melting point of the crystals of the title compound so produced was
determined to be between 116-119°C.

1,2-bis(2- (2-chlomacetanudo)eﬂxoxy]ethane was prepued as follows, To
a mixture of 1,2-bis(2-aminoethoxy)ethane (1.5g, 10 mmol) in dxd:lommethane

- (100mL) and 1M Na,CO, (S0mL) cooled in an joe bath was aided chlaroacetyl

chloride (2.6mL, 33 mmol) dropwise. After stirting for 10 minutes, the
organic layer was separated and evaporated to give the title compound (2.6g,
cual to 92% yield). HLPC analysis revealed a single peak using ultraviolet
{220nm) absorbtion spectrometry.

EXAMPLE 5
Synthesis of Ne-(Na,Ne-bis-chloroacetyllysyl)lysyl-glyeyl
{S-trityDeysteinamide

Ne-(Na, Ne-bis-chloroacetyllysyDlysyl-glycyl-(S-tzityl)cysteinamide  was
prepared as follows, The protected peptide was synthesized using SPPS
methodology as described in Example 7 using Rink amide resin,

19
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(Fmoc)Cys(Tr)), (Fmoc)Gly, (Boc)Lys(Fmoc), (Fmoc)Lys(Fmoe) and
chloroacetic acid. The peptide was cleaved from the resin, deprotected and re-
S-tritylated to give the title compound which was then purified by reverse
phase HPLC. Synthesis was comfirmed using FABMS; MH* was found to be
828 and 830 for a peptide having a theoretical molecular weight of 829
(average).

EXAMPLE 6
Synthesis of No-Fmoc)-4-(N-pentamethylchromansuifonyl)amidino
phenylalanine [Fmoc-Amp(Pme)l

Title compound Fmoc-Amp{Pmc) was prepared as follows. D,L-acetyl-4-
cyanophenylalanine was prepared from a-bromotoluonitrile and diethy]
acetamidomalonate using conventional techniques (see Marvel, 1955, Org. Syn.
Cell, 3: 705-708) and resolved by selective hydrolysis ofthe L-epimer using hog
renal acylase (see Greenstein e al., 1961, in Chemistry of the Amino Acids,
Kreiger & Malabar, eds., pp. 2172-2174).

t~4-cyanophenylalanine was converted to the N-o-Boc, #-butyl ester using
conventional techniques, The N-q-Boc-4-cyanophenylalanine, #-buty] ester was
converted into the 4-amidino derivative using the method of Voigt e al, (1988,
Pharmazie 43: 412-414). The resulting N-o-Boc-4-amidinophenylalanine, ¢
butyl ester was converted into the N-amidinopentamethylchromansulfouyt (Pme)
derivative essentially as described for arginine {seec Ramage et al., 1987,
Tetrahedron Lent. 28: 2287-2290). The Boc and rbutyl groups were then
removed  using  BF,.OEvacetic  acid, The resulting 4-
pentamethylchromasulfonyl-amidinophenylalanine was converted to the title
compound using N-(fluorenylmethoxycarboxy)succinimide (PmocOSu).

The fitle compound was anmalyzed by HPLC and found to have a
retention time of 10.4 minutes using a waters Nova-Pak C18 reverse phase
radial compression column and eluted at 3mL/min with a gradient of 100%
©.1% TFA/water) 10 100% (0.1% TRA/I0% water/acetonitrile) over 10
minutes, The title compound was analyzed by 'H NMR spectrometry and
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found to have the following 'H NMR spectrum (sample dissolved in CDCly):

5 1.25 (s, 6ED), 1.72 (¢, 2H), 2.1 (s, 3H), 2.5 (m, 8H), 3.1 (m, 2H), 4.05-
4.7 (m, 4, 5.5 (d, 1H) and 7.0-8.0 (m, 1SH).

EXAMPLE 7
Solid Phase Peptide Synthesls

Solid phase peptide synthesis (SPPS) was carried out on a 0.25
millimole {(mmole) scale using an Applied Biosystems Model 431A Peptide
Synthesizer and using 9-fluorenylmethyloxycarbonyl (Fmoc) amino-texminus
protection, coupling with dicyclohexylearbodiimide/hydroxybenzotriazole or 2-
(1H-benzotriazol-1-y1)-1,1,3, 3-tetramethyluronium hexafluorophosphate/
hydroxybenzotriazole (HBTU/HOBT), and using p-hydroxymethylphehoxy-~
methyl-polystyrene (HIMP) resin for carboxyl-terminus acids or Rink amide
resin for carboxyl-terminus amides. Resin-bound products were routinely
cleaved using a solution comprised of trifluorcacetic acid or 50/50
trifluoroacetic acid/dichloromethane, optionally containing water, thicanisole,
ethanedithiol, and triethylsilane, prepared in ratios of 100 : 5 : § ¢ 2.5 : 2 for
1.5 - 3 h at room temperature.

Where appropriate, N-terminal acetyl groups were introduced by treating
the free N-terminal amino peptide bound to the resin with 20% wv/v acetic
anhydride in NMP (N-methylpymrolidinone) for 30 min, For preparing
branched-chain peptide reagents involving peptide chain synthesis from both the
- and e-amines of lysine, Na(Fmoc)Ne(Fmoc)-lysine was used during SPPS.
Where appropriate, 2-chiorcacetyl and 2-bromoacetyl groups were introduced
either by using the appropriate 2-halo-acetic acid as the last residue to be
coupled during SPPS or by treating the N-terminus free amino peptide bound
to the resin with either the 2-halo-acetic acid/ diisopropylcarbodiimide/ N-
hydroxysuccinimide in NMP of the 2-halo-acetic  anhydride/
diisopropylethylamine in NMP.  Where appropriate, HPLC-purified 2-
haloacetylated peptides were cyclized by stirring in a 0.1 - 1.0 mg/mL solution
at pHS optionally containing phosphate, bicarbonate or 0.5-1.0 mM EDTA for
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0.5 - 48 hours, followed by acidification with acetic acid, lyophilization and
HPLC purification. Where appropriate, Cys-Cys disulfide bond cyclizations
wexe performed by treating the precursor cysteine-free thiol peptides ar
0.1mg/mL in pH 7 buffer with aliquots of 0.006 M K,Fe(CN), until a stable
yellow color persisted. The excess oxidant was reduced with excess cysteine,
the mixture was lyophilized and then purified by HPLC.

Where appropriate, peptide thiol-chloroacetyl derived sulfides were

prepared by reacting single thiol-containing peptides at & concentration of 2 to

50 mg/mL in water and acetonitrile or THF or DMF at' pH 10 with the
appropriate number (e.8., 0.5 molar equivalents for preparing dimers and 0.33
molar equivalents for preparing trimexs) of the chioroacetyl polyvalent linker
moiety for 0.5 to 24 hours, The solution was then nentralized with acetic
acid, evaporated to dryness, and, if nccessary, deprotected using 10 mL TRA
and scavengers such as 0.2 mL trethylsilane for 30 to 90 minutes. The
solution was concentrated and the product was precipitated with ether,
Products were purified by preparative HPLC.

‘Where appropriate, BSME adducts were prepared by reacting single
thiol-containing peptides (5 to 50 mg/mL in 50 mM sodium phosphate buffer,
pH 7 to 8) with 0.5 molar equivalents of BMME (bis-maleimidomethylether)
pre-dissolved in acetonitrile at room temperature for approximately 1-18 hours.
The solution was concentrated and the product was purified by HPLC,

Where appropriate, TSEA adducts were prepared by reacting single
thiol-containing peptide (at concentrations of 10 to 100 mg/ml peptide in
DMF, or 5 10 50 mg/mL peptide in 50mM sodium phosphate (pH 8)/
acetonitrile or TIIF) with 0.33 molar cquivalents of TMEA {fris(2-
maleimidoethyl)amine; Example 2) pre-dissolved in acetonitrile or DMF, with
or without ! molar equivalent of tricthanolamine, at room temperature- for
approximately 1-18h. Such reaction mixtures containitig adducts were
concentrated and the adducts were then purified wsing HPLC,

Where appropriate, BAT-BS adducts were prepared by reacting single
thiol-containing peptide (at concentrations of 2 to 50 mg/mL peptide in S0mM

2
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sodium phosphate (pH 8)/ acetonitrile or THF) with 0.5 molar equivalents of
BAT-BM (N-[2-(N", N*-bis(2-malcimidoethyl)aminoethyD)]-N-{t-butoxycarbonyl)-
N N-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanamide; Example
1) pre-dissolved in acetonitrile or THF, at room temperature for approximately
1-18h. The solution was then cvaparated to dryness and [BAT-BS]}-peptide
eonjugat@; deprotected by treatment with 10mE TRA and 0.2ml triethylsilane
for 1h. The solution was concentrated, the product adducts precipitated with
ether, and then purified by HPLC.

Crude peptides were purificd by preparative high pressure liquid
chromatography (HPLC) using a Waters Delta Pak C18 column and gradient
elution using 0.1% tifluoroacetic acid (TFA) in water modified with
acetonifrile. Acetonitrile was evaparated from the eluted fractions which were
then lyophilized. The identity of each product was confirmed by fast atom
bombardment mass spectroscopy (FABMS) or electrospray mass Spectroscopy
(BSMS).

EXAMPLE 8

A General Method for Radiolabeling with Tc-99m
0.1 mg ofapepﬁdsprcparedasinEmmpchwasdissolvedinQ.lmL

- of water or 50 mM potassium phosphate buffer, 0.1 M bicarbonate buffer or

10% hydroxypropyleyclodextrin (HPCD), each buffer at pH of 5-10, Tc-99m
giuceplate was prepared by reconstituting a Glucoscan vial (E.I, DyPont de
Nemours, Inc.) with 1.0 mL of Tc-99m sodium pertechnetate containing up to
200 mCi and allowed to stand for 15 minutes at room temperature. 25 pl of
Te-99m gluceptate was then added to the peptide and the reaction allowed to
proceed at room temperature or at 100°C for 15-30 min and then filtered
through a 0.2 pm filter.

The Tc-99m labeled peptide purity was determined by HPLC using the
following conditions: a Waters DeltaPure RP-18, Su, 150mm x 3.9mm
analytical column was loaded with cach radiolabeled peptide and the peptides
eluted at 2 solvent flow rate equal to | mL/min. Gradient elution was

23 This Sheet Has Been Reﬂl,
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performed beginning with 10% solvent A (0.1% CF3COOR/H,0) to 40%
solvent By, (0.1% CF;COOR/90% CH,CN/H,0) over the course of 20 min.
The Tc-99m labeled peptide purity was determined by HPLC using the
conditions described in the Footnotes in Table I. Radioactive components were
detected by an ip-line radiometric detector linked to an integrating recorder.
Te-99m gluceptate and Tc-99m sodium pertechnetats elute between 1 and 4
minutes under these conditions, whereas the Tc-99m labeled peptide eluted after
a much greater amount of time.
The following Table illustrates successful Tc-99m labeling of
peptides prepared according to Example 1 using the method described herein,
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TABLE I

FABMS Radiochemical HPLC F

CH.CQ. Y RGDCC, o GC, namide® 1057 9P 10.0, 10.4, 10.6*
CH.LCO,Y,RGDCOGCpuGCyamide 1un 99? 1.8
CHLO. Yo APeGDCGGOC A GC s amide 1233 100* 17.1, 18.12
GRGDVRGDFKC o GC,pamide 1510 9P 16.2, 16.8*
GRGDVRGDFC, . GC,uamide 1382 94? 16.4?
CHL0, Y5 ADC, GDCGGCA G GGEPRPG.NH, 1845 . 90* 16.6, 16.9*
(CHLO, YoARS GDCGGC, 0 GC ,w GGC. amide)-BSME 3020 9! 9.3*
{CH.20.Y 0. APS.GDCGGC, GC ) GG . amide)y-TSEA 4596 994 "9.2,11.6
(CBL0. YoADS. GDCOGC 100Gl s GOC amide)y-[BAT-BS]  3409* . 98* 10.3
C1uGCraRRRRRRRRRGDY . 2100 100* 2.4
(CH.C0. YpApe.GDCKGC, o GC,  GGC. amide),-BSME 3163 98¢ 9.6*
CH00Yn APE. GDCGGC ) GC) o GOCaimide),(CH,CO) 3298 96* 12.0¢
K(¥e-K)GCamido
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* Superscripts refer to the following labeling conditions:

1. The peptide was dissolved in 50 mM potassium phosphate buffer (pH
7.4) and labeled at room temperature,

2 The peptide was dissolved in 50 mM potassium phosphate buffer (pH
7.4) and lsbeled at 100°C.

3. The peptide was dissolved in water and labeled at room

4, The peptide was dissolved in water and labeled at 100°C,

5.  The peptide was dissolved in 50 mM potassium phosphate buffer (pH

6.0) and labeled at 100°C.

6 The peptide was dissolved in 50 mM potassium phosphate buffer (pH

5.0) and labeled at room temperature,

7. The peptide was dissolved in a 50:50 mixture of ethano)/watcr and
labeled at 100°C.

8. mepepndewasdxssolvedmOQ%sodmmcmondesoluMnandhheled
at room temperature.

.

** HPLC methods (indicated by superscript after Ry):

general: solvent A = 0.1% CR,COOH/H,0
solvent By, = 0.1% CF,COOH/70% CH,CN/H,0
solvent B, = 0.1% CF,COOH/90% CH,CN/H,O
solvent flow rate = 1 mL/min

Vydak column = Vydak 218TP54 RP-18, Sum, 220mm x 4.6mm analytical
column with guard column

Brownlee columa = Brownlee Spheri-5 RP-18, Spm, 220mm x 4.6mm column
Waters column = Waters Delta-Pak C18, Sum; 150mm x 3.9mm column
Waters column 2 = Waters Nova-Pak C18, Sum, 100mm x 8mm radial
compression column

Method 1:  Brownlee column 100% A to 100% By in 10 min
Method 2:  Vydak column 100% A to 100% By in 10 min
Method 3:  Vydak column 100% A to 100% By in 10 min
Method 4:  Watars column 100% A to 100% B,, in 20 min
Method 5:  Waters column 100% A to 100% By in 10 min
Method 62 Waters 2 column 100% A to 100% By, in 10 min

wx* Confirmed by sodium dodecy! sulfate-polyacrylamide gel electrophoresis

Single-letter abbreviations for amino acids can be found in G. Zubay,
Blochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33;
underlining indicates the formation of a thiol linkage between the linked amino
acids of derivative groups; peptides are linked to BSH, ETAC, BSME, TSEA,
[BAT-BS} or (CH,CO)-containing linkers wia the free thiol moiety of the
unprotected cysteine residuc (C) in cach peptide; Ac = goetyl; Bz = beazoyl;
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zc - p;cohn?lA(pyndmea-arbouyl), Acm = acetamidomethyl; Mob
-mn-phmbm pc = L—[s-(3—annnopropyl)cystune Hly = homolysine; -
et ylalmnezm Yy, = D-tyrosine; ma = 2-mercaptoacetic acid; y o
pto- ylpropionic acid; BAT = N N-$is2 mmapﬁo—’ capin-d.
methycys mlpmpy);:,:h-dimnm onanoic acid; EBTAC =~ HO-CH,CO-G. 1-612.
;3 BAT-BS = N-{2-N',N* -mcdnimidoethy A
a:n:;ethyl]-ﬂ‘ N’Mawz-mmylpm;%)ﬁ'gﬁw BSMB,!)
= Nw—succ:mmxdomed\ylether; TSEA = riv-(2-succinimidoethyl)amine; .
ylsuccinimide; BSH = 1 &bu-mocxmmxdohexme'y e
amidinophenylalanine Amp = &

28
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EXAMPLE 9

Platelet Aggregation Inhibition Assays

Platelet aggregation studies were performed essentially as described by
Zucker (1989, Methods in Emzymol. 169: 117-133).  Briefly, plaselet
aggregation was assayed with or without putative platelet aggregation inhibitory
compounds using fresh human platelet-rich plasma, compriging 300,000 platelats
per microlitre, Platelet aggregation was induced by the addition of a salution
of adenosine diphosphate to a final conceatration of 10 to 15 micromolar, and
the extent of platelet aggrepation monitored wsing a Bio/Daa aggregometer
(Bio/Data Corp., Horsham, PA). The concentrations of platelet agpregation
inhibitory compounds used were varied from 0.1 t0 500 gg/mL. The
concentration of inhibitor that reduced the extent of platelet aggregation by
50% (defined as the IC,,) was determined from plots of inhibitor concentration
versus extent of platelet aggregation, An inhibition curve for peptide RGDS
was determined for each batch of platelets tested.

The results of these experiments arc shown in Table II. In Table IT,

thecompoundstwedmasfouo_ws(RGDSisgivmuiposiﬁwconml):

P47 = AcSYGRGDVRGDFKC, .GC\
P97 =  GRGDVRGDFKC,.GC, amide
P2 = CaGC\RRRRRRRRRGDYV
Pl43 = CH.CO-Y RGDCGGC, . .GC, amide
P245 =  CHCO-Y, Ap.GDCGGC,..GCruGGF,PRPGamide
P63 =  ACSYGRGDVRGDFKCTCCA
P = GRDGVRGDFC, GC, Jamide
P81 = CHCOYARGDCC,. GC)amide
PI154 =  CHCO Y, ACGDCGGGC,GC, yamide
29 -
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P38l =  (©HCOYoAPCGICKGC, . .GC,  GGC-amide), BSME

CH,

§—~ CH2
D-Tyr)- -
¥1)-Apc-Gly-Asp~NH—CH -C—~Lys-Gly-Cys{Acm)-Gly-Cys{Acm)-Gly-Gly-NH~CH~ g-NHz
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P317 = (CHCO-YnApcGDCGGC, GC, L OGC-amide)-"TSEA

?Hz S~CH, o
O,P-(D'Tyfl'AP&le-ﬂsp-NH-CH-g-Gly-Gly-Cys(Acm)-Gly-Cys(Ac:h)-exy-ely-NH.CH.E.NH X
O
cHs.
NCH,CH4N
o 3
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F280 = (CH.CO-Y,APCGDCGGC,nGC,uGGC-amide),-BSME

CHy

S"""'CHz

//c-— (D~T¥r}-Apc—G!v-Asp-»NH-—cn-g— Gly-Gly-Cys(Acm)-Gly-Cys(Acm}-Gly—Gly-NH~CH-g-NHz
0

CH,S

O

NCH,
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(Single-letter abbreviations for amino acids can be found in G. Zubay,
Blochemistry Q4. ed.), 1988 (MacMillan Publishing: New York) p.33; Ac
= gcetyl; Acm = acetamidomethyl; Apc = L—[S{Hnﬁnopmpyl)cyﬂning; Yn
= pyrosine; BSMB = bis-succinimidylmethylether; TSEA =
tris(succinimidylethyl)amine; [BAT-BS] = N-[2-(N',N'-bis(2-succinimidoethyl)
aminocthyl)]-N, N, -bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide;

.peptides are linked to BSME, TSEA, [BAT-BS] or (CH,CO)-containing linkers

via the free thiol moiety of the unprotected cysteine residue (C) in each
peptide).

These results demonstrate that the IC;, decreases for cyclic peptides 33
compared with linear ones, and is even less for polyvalent peptide agents as
compared with monovalent peptide agents. These results illustrate the efficacy
of the multimeric polyvalent antithrombotic agents of the invention at redicing
piatelet aggregation.
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TABLE I

Pegtides | ICufaM-  CloBlood
Fas7 0.079 6.3 + 3.45
P667 0.081 5.9,5.0°
r280 0.090 44+ 1.8
P62 0.130 4,01
P317 0.036 38 + 2.2
P38l 0.035 2.5
P154 0.3 20 £ 0.5
P245 0.5 s
P143 13 ”
P91 8 1.0
Fo8 13 1.7
pe3 19 L7
P47 23 o
P81 25 1.8 + 0.6
P2 26 1.2 + 0.2¢
In = 1; n =2 =3 =4 o= 9

* ratio of (% injected dose/g in 2 femoral vein thrombus)/ (% injected
dose/g in blood) at approximately 4h post-injection of each Tc-99m
labeled reagent in a canine model of DVT

**  concentration of reagent that inhibits by 50% the aggregation of human
platelets in platelet-rich plasma induced to aggregate by the addition of
adenosine diphosphate (ADP)

It should be understood that the foregoing disclosure emphasizes certain
specific embodiments of the invention and that all modifications or alternatives
equivalent thereto are within the spirit and scope of the invention as set forih
in the appended claims.
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What is claimed fs:

1. A reagent for preparing a thrombus imaging agent for imaging
thrombi within a mammalian body, comprising & radiolabel complexing moisty
covalently linked to a specific binding compound that is less than 10,000
daltons in molecular weight and that binds to a platelet receptor that is the
platelet glycoprotein Ib/Ila receptor, whereln the reagent is capable of
inhibiting human platelct aggregation in plateletxich plasma by 50% (ICs)
when present at a concentration of no mare than 0.3xM.

2, A reagent according to Claim 1 wherein the specific binding
compound is a specific binding peptide comprising 4 to 100 amino agids.

3. The reagent of Claim 1 wherein the radiolabel complexing moiety
has a formula selected from the group consisting of: '

L
Cp(aa)Cp
wherein Cp is a protected cysteine and (aa) is any primary - or S-amino acid
not containg a thiol group; and
.

- €O - (amino acid) - cysteins - CO -
@ o

- HN - ¢ysicine - (amino acid) - NH - CH, -

wherein X = H or a protecting group;
(amino acid) > any primary a- or S-amino acid not containg a
thiol group;

LTI - TR



V.
2
(C'Ef:). (CR’:)»
5 S-(pep)* S-(psp)'

wherein each R! is independently H, CH, or C,H,,

each (pgp)* is independently a thiol protecting group ar H:
m, n and p are independently 2 or 3:

A = lincar or cyclic lower alkyl, aryl, heterocyclyl,

10 combinations or substituted decivatives thepsof;
VL
(CR’z}{
_ /N{ N-A-CH(V)NHR®
15 (CR%). (CR),
H SH

wherein each R’ is independently H, lower alkyl having 1 to 6 carbon
atoms, phenyl, or phenyl substituted with lower alkyl or lower
alkoxy;
20 m, n and p are independently 1 or 2;
A = lincar or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof:
¥ = H or -CO-peplide;
R* = H or peptide;
25 and wherein whea V = H, R‘=pepndenndwhmk‘ =H, V = -CO-
peptide.

3. The reagent of Claim 1 wherein the specific binding peptide and
radiolabel complexing moiety are covalently linked through one or more amino
acids,

4. The reagent of Claim 3 wherein the protected cysteine of the
radiolabel complexing moiety having formula I has 3 protecting group of the

mwmmww " i




formnla
-CH, NH-CO-R

wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-,3-4-pyridyl,
phenyl, or phenyl substituted with lower alkyl, hydroxy, lower alkoxy,
garboxy, or lower alkoxycasbonyl.

5. The reagent of Claim 3 wherein the radiolabel complexing molety
of formula Cp(aa)Cp has the formmla:

COCH,
-HN-CH-CO-NH-CH,-CO-NH-CH-CO-
S-CH,-NHCOCH,

6. A scintigraphic imaging agent comprising the reagent according
to Claim 1 wherein the radiolabel complexing moiety is bound to & radiolabed,

7.  The reagent of Claim 6 wherein the radiclabel is technetium-99m,
indium-111 or galtium-68.

8. The reagent of Claim 2 wherein the specific binding peptide is
selected from the group consisting of peptides having the amino acid sequence:

0. Yo Ape.GDCGGG
. CHCO.Yp.Ape.GDCKG
s
CH,CO.¥,.Apc.GDC
s
q:n,coéy.,.Apc.cDgx

?H,CO.Y,,.Amp.GDQ
s

FH,CO.Yn.Amp.GDC.!K
)

CH,CO.Y,.Apc.GDCGG
s :

9.  The reagent of Claim | wherein the reagent forther comprises a
polyvalent linking moiety covalentfy linked to a multiplicity of specific binding
compounds and also covalently linked to a multiplicity of radiolabel complexing
noieties to comprise a reagent for preparing 8 multimeric polyvalent

41
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scintigraphic imaging agent, wherein the molecular weight of the multimeric
polyvalent scintigraphic Imaging ageat is less than about 20,000 daltons.

10.  The reagent of Claim 9 wherein the polyvalent linking moiety is
bis-succinimidylmethylether, 4~(2,2-dimethylacetyDbenzoic acid, N-[2-(V'.N'-
bis(2-succinimido-ethyl)aminoethyl)]-N, N°-bis(2-methy}-2-mercaptopropyl)-6,9-
diazanonanamide, #ris(succinimidylethyl)amine, #ris(2-chloroacetamidoethyl)

. amine, 1,2-bis(2-chloroacetamidocthoxy)ethane, or a desivative thereof,

11. A complex formed by reacting the reagent of Claim 2 with
technetium-99m in the presence of a reducing agent.

12.  The complex of Claim 11, wherein the reducing agent is sclected
from the group of a dithionite jon, a stannons jon, or a ferrous ion.

13. A complex formed by labeling the reagent of Claim 2 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex,

14, A kit for preparing a radiopharmaceutical preparation, said kit
comprising sealed vial containing a predeterined quantity‘of the reagent of
Claim 2 and a sufficient amount of reducing ageat to label the reagent with
technetium-99m.

15. A method for imaging thrombi within & mammalian body
comprising administering an effective diagnostic amount of the reagent of Claim
2 that is labeled with technetium-99m and detecting the Te-99m localized at ﬂle_
site of the thrombus,

16. The process of preparing the reageat according to Claim 2
wherein the reagent is chemically synthesized in vitro.

17.  The process of preparing the reagent according to Claim 16
wherein the specific binding peptide is synthesized by solid phase peptide
synthesis.

18.  The reagent according to Claim 2 wherein the radiolabel binding
moiety is covalently linked to the specific binding peptide during in witro
chemical synthesis,

19.  The reagent according to Claim 18 whercin the radiolabel binding
moiety is covalently linked to the specific binding peptide during solid phase

heet Has —Sheet Has Been Replaced
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peptide synthesis.

20, A method for labeling a peptide according to Claim 2 comprising
reacting the peptide with Tc-99m in the presence of a reducing agent, )

21.  The method of Claim 20, wherein the reducing agent is sclected
from the group of a dithionitc ion, a stannous ion, or a ferous ion. _

22.  The reagent of Claim 1, wherein the specific binding compound
comprises a cyclic peptide domain having the formula:

F&CO-A—X-GIy»Asp-(i‘.ys-
S CR,
wherein -~ A is a lipophilic D-a-amino acid, or an A-alkyl-L--amino acid
or L-proline;

X is an L-ag-amino acid having & sidechain capahle of being
positively charged; and
R is each independeatly H, lower alkyl or lower alkoxyalkyl,
23. The reagent of Claim 22, wherein A is D-tyrosine or »-
phenylalanine and X is  L{S-CGaminopropylicysteine or L4
amidinophenylalanine.
24,  The reagent of Claim 1 wherein the radiolabel complexing moiety

. comprises a single thiol-containing moiety of formula:

II.
A-CZBHCR'RY)]-X
wherein A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-00C or RY
B is H, SH, NHR’, -N(R)-(amino acid or peptide), or R¢;
X is H, SH, -NHR’, -N(R®)-(amino acid or peptide) or R
Zis Hor RY

R', R? R’ and R* are independently H or lower straight or
branched chain or cyclic alkyl;

This as Becn



nis0, 1or2;

and .
where B is NHR’ ar -N(R*)-(amino acid or peptide), X is SH, and n is 1 or
2; '

;mmxn-m’dr-mn’).(mimmorpepﬁde).nusn.ananisxm

where B is H or RY, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(nminoac:dnrpepndc)-ooc XisSH,andnisOor 1;

where A is H or R¢, then where B is SH, X is -NHR® or -N(R")-(amino acid
or peptide) and where X is SH, B is -NHR® or -N(R)-(amino acid or peptide);

where X is H or R4, A is HOQC, H,NOC, (amino acid or peptide)-NHOC,
(amino zcid or peptide)-OOC and B is SH;

where Z is methyl, X is methyl, A is HOOC, H,NOC, (mno:udor
peptide)-NHOC, (amino acid or peptide)-OOC, B is SH and n is 0;

where B is SH and X is SH, n is not O;

and wherein the thiol moiety is in the reduced form and (amino acid) is any
primary &- or f-amino acid not containing a thiol group.

25.  The reagent of Claim 24 whercin the radiolabel complexing
moiety is sclected from the group consisting of the mdxolabeled moietiex having
formula; : |

Ila. -(amino acid)'-(amino acid)’-{A-CZ@-{CRRI)L-X},

M.  -{A-CZ(B)-{C(R'R})]-X}-(amino acid)'-(amino acid)®,

Be. -a primary a,w- or #,w-diamino acid)-(amino acid)'-{A-CZ(B)-
[CR'RYL-X], or

od.  -{A-CZ(B)-{C(R'R)].-X}-(amino acid)*-(a primary o,w- or 8§,
diamino acid)
wherein (amino acid)' and (amino acid)® are each independently any

naturally-ocurring, modified, substituted or altered o~ or S8-amino
acid not containing a this, group;

A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peplide}-00C or R*;

4 heetHasBEﬂeﬂI]T

HIIlII\ \\!I\l |lll! - ||||]| I




B is H, SH or -NHR?, -N®%)-(amino acid or peptide) or R*;
X is SH or -NHR®, -N(R*)~(amino acid or peptide) or R¥;
R', R}, R’ and R* arc independently H or straight or branched
chain or cyclic lower alkyl;
n is an intoger that is either 0, 1 or 2; and
where B s -NHR® or -N(R)-(amino acid or peptide), X is SH and n is 1 or
2;
where X is -NHR® or -N(R%)-(amino acid or peptide), B is SH and n is 1 or
2;
where B iz H or RY, A is HOOC, H,NOC, (amioo acid or peptde)-NHOC,
{amino acid or peptide)-00C, X is SHand nis Q or 1;
where A is H or RY, then where B is SH, X is -NHR?! or -N®)-(amine acid
or peptide) and where X is SH, B is -NHR? or -N(R®)~(zmino acid or peptide);
where X is H or R, A is HOQOC, H,NOC, (amino acid or peptide)}-NHOC,
(amino acid or peptide}-OCC and B is SH; _
where Z is methyl, X is mcthyl, A is HOOC, H,NOC, (amino acid or
peptide)-NHOC, (peptide}-QOC and B is SH and n is 0; and (7) where Z is
SH and X is SH, n is not 0;
and wherein the thiol moiety is in the reduced form.

-
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26. A composition of matter comprising the reagent according to
Claim 1 having the formula:

GHy s—ca,
c- (D-Tyr)-Apc-B&y-Asp-NH-cn-coD

‘:—m-e:y Cys(Acm)-Gly-Cys{Acm)-Gly-Giy- NHGHCO.NH;

°"‘*w;§..c~.}

27. A composition of matter comprising the reapent acconding to
Claim 1 having the formula: '

s CHg S‘CHz
c-{D - Tyr)-Ape-Gly- ASP-'NH-CH GO:)

qw -Gly-Cys{Acm) Qy-Cyz(Acm)-Gly-Gly- NHCHCO.NHz
10 w\:((m.
. m
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28 matter

. A compogsitio aecordin

. n of comprisin, reagent

Claim 1 having the formula: o e

ing to

5
SHy
- {D- .
o Tyr)-Apc-Gly-Asp NH--::z coD

Copare
ly-Cys{Acm)-Gly-Cys({Acm)-Gly-Gly- Nueuca
Nﬂz

o fﬁw}j

Cen
HzGH2NHCO.
CHCH2CHICHNICHO(CH)
SSH)CHCHANHCHC
(ChHaigosh

15

-
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29. A composition of matter comprising the teagent according to Claim 1 having the formula;

CHz S —CH;

0
IP-(D'TYF)'APC'G'Y'ASP—NH*CH-9~Gly-Gly-Cys(Acm)—Gly-Cys(Acm)-Gly-Gly-NH-CH-g-NH,
o) Q
0
CH,S, °

NCH,
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y-Cys-NH3
Q

NE,

A

N“\/\/\

Gly-NHz
0

0, (D-Ty1)} Amp-Gly-Aspe—NH - 0
| ys-Gily mﬁmﬂlﬂz
S — /\L(NH
5!

32. A composition of matter comprising the reagent according to Claim 1 having the formula:

T 0
T e
i ) Lys-Gly——=NH
. s ' s
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33. A composition of matter comprising the reagent fing 1o .

. Claire 1 having the formula:
CH.CO-YoAReGDCGGGC i

-
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