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ABSTRACT The activated platelet is a potential target for
the localization of thrombi in vive since, after stimulation and
secretion of granule contents, activated platelets are concen-
trated at sites of blood clot formation. In this study, we iised
antibodies specific for a membrane protein of activated plate:
lets to detect experimental thrombi in an animal model.
PADGEM (platelet activation-dependent granule—external
membrane protein), a platelet a-granule membrane protein, is
translocated to the plasma membrane during platelet activation
and granule secretion. Since PADGEM is.internal in unstim-
ulated platelets, polyclonal anti-PADGEM and monoclonal
KC4 antibodies do not bind to circulating resting platelets but
do interact with activated platelets. Dacron graft material
incubated with radiolabéled KC4 or anti-PADGEM antibodies
in the presence of thrombin-activated platelet-rich plasma
bound most of the antibody. Imaging experimerits with '2I-
labeled anti-PADGEM in baboons with an external arterial-
venous Dacron shunt revealed rapid uptake in the thrombus
induced by the Dacron graft; control experiments with 'I-
labeled nonimmune IgG exhibited minimal uptake. Deep
venous thrombi, formed by using percutaneous balloon cath-
eters to stop blood flow in the femoral vein of baboons, were
visualized with '*I-labeled anti-PADGEM. Thrombi were
discernible against blood pool background activity without
subtraction techniques within 1 hr. No target enhancement was
seen with I-labeled nonimmune IgG. 'ZI-labeled anti-
PADGEM cleared the blood pool with an initial half-
disappearance time of 6 min and did not interfere with
hemostasis. These results indicate that radioimmunoscintigra-
phy with anti-PADGEM antibodies can visualize thrombi in
baboon models and is a promising technique for clinical
thrombus detection in humans.

Platelets are anucleate cells that circulate in the blood in a
resting form. Upon stimulation that accompanies tissue
injury, platelets in the circulation are activated and recruited
into the area of injury to participate in thrombus formation.
The expression of receptors on the platelet membrane (1), the
secretion of granule contents (2), and the extension of
pseudopodia (3) are manifestations of platelet activation.
Hsu-Lin et al. (4) described a platelet protein that is ex-
pressed solely on the surface of activated platelets and is not
found on the surface of resting platelets. This protein,
PADGEM [platelet activation-dependent granule—external
membrane protein (5), also referred to as GMP 140 (6)], is an
integral membrane protein located in the a-granile mem-
brane of the resting platelet (5, 6). Upon platelet activation,
the a-granule contents are secreted with concomitant fusion
of the granule membrane into the plasma membrane. PAD-
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GEM then becomes a component of the external plasma
membrane. Thus, PADGEM serves as a marker of activated
platelets. Since activated, but not resting, platelets are
incorporated into thrombi at sites of vascular injury, PAD-
GEM might serve as a target for the localization of thrombi
in vivo by means of specific antibodies.

Other approaches to thrombus imaging have been based
upon the incorporation of clot components, including radio-
active fibrin (7) or platelets (7-14). These methods require
expansion of the thrombus and are complicated by the
presence of the radiolabeled agents in both the thrombus and
the circulation. Anti-platelet antibodies facilitate the labeling
of autologous platelets (15, 16) but are not thrombus-specific,
since these antibodies bind to resting platelets in the circu-
lation. In contrast, antibody-targeted thrombus detection
using fibrin-specific antibodies (17, 18) is clot-specific, since
these antibodies bind to fibrin but not to fibrinogen (19). We
have evaluated anti-PADGEM antibodies for antibody-
targeted thrombus imaging, exploiting the principle that the
target of this antibody, PADGEM, is exposed on activated
platelets and that activated platelets are sequestered in
thrombi. With in vitro and in vivo studies employing a baboon
(Papio cynocephalus) model, we demonstrate the application
of anti-PADGEM antibodies for antibody-targeted thrombus
imaging.

MATERIALS AND METHODS

Preparation of Immunochemical Reagents. Monoclonal
KC4 and polyclonal anti-PADGEM antibodies were pro-
duced by immunization of BALB/c mice and New Zealand
White rabbits, respectively (4, 20). The polyclonal anti-
PADGEM antibodies and KC4 antibody, purified as de-
scribed (4, 20), migrated as single bands in SDS/PAGE.
Iodination was performed with chemical-grade (p, 5n) %I
(Atomic Energy Commission of Canada) or 1 or %I (New
England Nuclear). Anti-PADGEM antibody (100 ug) was
incubated with S mCi (185 MBq) of 12°I, 131, or '2°I for 1 min,
and oxidized with chloramine T for 3 min (21). Labeled
protein (3-10 uCi/ug) was separated from free iodide on a
Sephadex G-50 superfine column equilibrated in Tris-
buffered saline (TBS: 0.15 M NaCl/0.02 M Tris-HCI, pH 7.4)
containing 0.1% human serum albumin. The radiolabeled
anti-PADGEM and KC4 antibodies, evaluated by a RIA (20),
bound to thrombin-activated platelets but not to resting
platelets. F(ab'), fragments of anti-PADGEM and nonim-
mune IgG were prepared by pepsin digestion (22). The F(ab'),

Abbreviations: PADGEM, platelet activation-dependent granule—
external membrane protein; BSA, bovine serum albumin.
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fragments, purified by HPLC on a Beckman chromatograph
with a TSK 3000 SW column, were radiolabeled with 12I.

Competition RIA. A solution-phase competition RIA using
125].labeled PADGEM was used to determine whether anti-
bodies to human PADGEM bind to activated platelets from
laboratory animals. Samples containing >’I-labeled PAD-
GEM (35 ng; 20,000 cpm) in 100 ul of TBS with 0.1% bovine
serum albumin (BSA) were mixed with 100 ul of a 1:100
dilution of rabbit anti-PADGEM antiserum and serial dilu-
tions of sonicated animal platelets (100 ul) and incubated for
30 min at 23°C. The antigen-antibody complexes were
precipitated with 1 ml of 3% (vol/vol) goat anti-rabbit IgG
antiserum in TBS containing 25% (wt/vol) PEG 6000 and
0.02% NaNj3. The precipitate, sedimented by centrifugation,
was assayed for 1%]. Dog, cat, rabbit, rat, guinea pig, baboon,
and human platelets were evaluated.

Thrombus Formation on Dacron Grafts in Vitro. The bind-
ing of polyclonal anti-PADGEM antibody to thrombus
formed on Dacron grafts (23) in vitro was evaluated. BSA,
KC4 antibody, polyclonal anti-PADGEM antibody, and non-
immune rabbit IgG were labeled with 3! (24). Dacron graft
material (1.1 X 0.9 cm) was placed in 1.0 ml of platelet-rich
plasma (5 x 108 platelets per ml) in the presence of thrombin
(1 IU). P'I-labeled KC4 (30 uCi/ug), *'I-labeled anti-
PADGEM (30 uCi/ug), *!I-labeled nonimmune IgG (25 uCi/
ug), or 31-labeled BSA (40 Ci/ug), to a total of 20,000 cpm,
was immediately added. After 60 min the clot, adherent to the
Dacron, was washed and assayed for !*1. Nonspecific
binding of radiolabeled protein was determined in parallel
experiments using platelet-depleted plasma.

Ex Vivo Imaging. Ex vivo imaging experiments were per-
formed with baboons by using an external Ticoflex (DuPont)
shunt between the femoral artery and vein. A Dacron graft
(6.0 x 0.4 cm) was preclotted by the Sauvage technique (25)
and placed in the shunt (26). ?*I-labeled anti-PADGEM (800
wnCi; 150 ng) was filtered through a 22-um membrane filter
and injected through the venous port in the shunt. Serial
2-min anterior images were obtained for 1 hr with an Ohio
Nuclear series 100 Gamma camera with a PDP-11/34 com-
puter in 64 X 64 matrix mode. A low-energy, high-resolution,
parallel-hole collimator was used with a 20% window. Serial
1.0-ml blood samples were collected 1, §, 10, 15, 30, 45, and
60 min after tracer injection and assayed for 2°I. Prothrombin
time, partial thromboplastin time, platelet count, and platelet
aggregation were determined before and 60 min after admin-
istration of tracer. The kinetics of tracer uptake by the graft
and blood pool were derived from the radionuclide images.
These experiments were also performed using %I-labeled
nonimmune IgG (800 uCi; 170 ug) and ?*I-labeled F(ab'),
fragments of anti-PADGEM (1.0 mCi; 100 ug) and nonim-
mune IgG (1.0 mCi; 100 ug).

In Vivo Deep Venous Thrombosis Model. Experimental
thrombi were induced in baboons by stasis (27). After a
no. 8 French sheath was inserted into a femoral vein, the
vascular anatomy was defined by venogram with injection of
Renografin. Two 3-mm balloon angioplasty catheters (Mans-
field Scientific, Mansfield, MA) were advanced into the
femoral vessel under fluoroscopic guidance. A distance of 1-
3 cm separated the two balloons. The balloons were inflated,
creating venous stasis; after 30 min, the balloons were
deflated and the catheters were removed. The extent of the
thrombus was confirmed by venography. Twenty-five serial,
6-min anterior images centered over both legs were obtained.
1] ]abeled anti-PADGEM or nonimmune IgG (260 uCi; 100
ung) was injected via a superficial basilar vein. Mechanical
embolectomy was performed prior to the acquisition of the
final image. Venography was then repeated to document the
extent of any residual thrombi. Prothrombin time, partial
thromboplastin time, platelet count, and platelet aggregation
were determined before and 90 min after tracer injection. The
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radioactivity in the thrombosed and contralateral veins was
quantitated.

The organ distribution of the ?*I-labeled anti-PADGEM
was determined from the radionuclide images 60 min after
tracer injection. Radionuclide activity was expressed as a
percentage of the injected dose (26).

RESULTS

Anti-PADGEM antibodies specific for activated platelets
were used to visualize thrombi in animal models. To study the
interaction of these antibodies with thrombi in vitro, both
monoclonal KC4 and polyclonal anti-PADGEM antibodies
were evaluated for their ability to bind to the thrombus
formed on Dacron graft material following the addition of
thrombin to platelet-rich plasma. The Dacron material ex-
posed to KC4 antibody contained 90 + 10% of the 13!I-labeled
KC4 monoclonal antibody. The Dacron material incubated
with polyclonal anti-PADGEM antibodies bound 70 = 12% of
the 131]-labeled anti-PADGEM antibodies. In contrast, only
9 + 2% of the 13!I-labeled nonimmune IgG and 1 + 0.5% of
the 13!]-labeled BSA were bound to the Dacron material,
respectively. Nonspecific binding of all antibodies in plasma
depleted of platelets was 4 = 1%. These results indicate that
antibodies directed against PADGEM on activated platelets
are specifically incorporated into thrombi on Dacron mate-
rial.

The KC4 antibody was prepared against human platelets
(4). The interaction of this antibody with platelets from
humans and laboratory animals was ascertained to select an
animal model. KC4 antibody bound to human platelets, but
not to baboon, cat, dog, rabbit, rat, guinea pig, or rhesus
monkey platelets. For this reason, the interaction of immu-
noaffinity-purified polyclonal anti-PADGEM antibodies (5)
with thrombin-activated platelets of various animal species
was evaluated in a solution-phase competition RIA using
125]_]abeled PADGEM. The binding of anti-PADGEM anti-
bodies to %I-labeled PADGEM was completely inhibited by
human or baboon platelets at 10° per ml. Platelets from rat,
rabbit, cat, dog, or guinea pig did not bind to rabbit anti-
PADGEM antibodies. On this basis, we used rabbit anti-
PADGEM antibodies in baboon models to evaluate the
strategy of targeting thrombi in vivo with anti-PADGEM
antibodies.

Imaging Studies in ex Vivo Dacron Shunts. To study the
kinetics of platelet uptake on Dacron graft material placed in
an external arteriovenous shunt in baboons, radiolabeled
anti-PADGEM antibodies were infused through the venous
port of the shunt. The uptake of antibody on platelets
incorporated into thrombus on the Dacron graft was mea-
sured. Infusion of antibody through the venous port of the
shunt allowed dilution of the antibody into the baboon
circulation prior to the exposure of the thrombus on the graft
to the radiolabeled antibody. Thrombi induced by the Dacron
graft material in the ex vivo shunt were visualized within 10
min after injection of 12*I-labeled anti-PADGEM antibodies.
Optimal images were obtained at 30 min (Fig. 1A4). The
circulating blood pool radiotracer activity in the distal and
proximal tubing of the shunt was negligible compared to the
radiotracer activity associated with the Dacron graft. The
ratio of graft radioactivity to blood pool radioactivity was
33:1. Five separate baboon experiments yielded similar data
(Table 1). On average, the percentage of antibody associated
with the thrombus was about 0.1% and the graft/blood pool
ratio was 32:1. Parallel baboon experiments using ?’I-labeled
nonimmune IgG as the radiotracer revealed minimal and
inhomogenous uptake by the Dacron graft (Fig. 1B). Three
separate baboon control experiments yielded similar data,
indicating an average percentage of antibody associated with
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Fic. 1. Radionuclide image of Dacron graft in the ex vivo shunt.
(A) Image of the shunt 30 min after injection of 12I-labeled anti-
PADGEM antibodies (800 »Ci; 150 ug). The area of uptake corre-
lates with the location of the thrombus in the Dacron graft (a). 12°I-
labeled anti-PADGEM antibody in the blood pool was visualized in
the shunt tubing (b). (B) Image of the shunt 30 min after injection of
1231 labeled nonimmune IgG (800 uCi; 150 ug). There was minimal
uptake of the 123I-labeled nonimmune IgG by the Dacron graft (c)
relative to circulating 123I-labeled nonimmune IgG in the blood pool
(d).

the thrombus of about 0.001% and a graft/blood pool ratio of
5:1.

The kinetics of antibody uptake by the graft and blood pool
were derived from the radionuclide images (Fig. 2). The
123].Jabeled anti-PADGEM uptake by thrombus in the Da-
cron graft was linear for the initial 10 min and approached
maximal levels within 30 min. In contrast, incorporation of
123]_labeled nonimmune IgG into the thrombus increased
linearly with time after initial uptake. The ratio of the
concentration of anti-PADGEM antibodies in the Dacron
graft (target) to the concentration of anti-PADGEM antibod-
ies in the circulating blood pool (nontarget) was 33:1. For
1] Jabeled nonimmune IgG, the target/nontarget ratio was
5:1.

When these experiments were repeated using %I-labeled
anti-PADGEM and ?*I-labeled nonimmune IgG F(ab'), frag-
ments, the target/blood pool activity ratios were 31:1 and 3:1,
respectively, within 14 min after injection of antibody. These
studies indicate that the anti-PADGEM antibodies are bound
to thrombus shortly after injection. This uptake is a specific
process that allows visualization of the ex vivo thrombi by y
scintigraphy without subtraction techniques. Furthermore,

Table 1. Interaction of antibodies with thrombus on Dacron graft

123]_labeled % injected dose  Graft/blood pool
antibody Exp. on graft tracer ratio

Anti-PADGEM 1 0.01 27
2 0.04 33
3 0.09 32
4 0.21 35
5 0.09 31

(0.09 = 0.05) B32+2)
Nonimmune IgG 1 0.0020 8
2 0.0013 5
3 0.0011 3

(0.0014 = 0.0006) [CER)Y)
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FiG.2. Kinetics of antibody uptake by thrombus associated with
the Dacron shunt. 123I-labeled anti-PADGEM activity associated
with the Dacron shunt (a) is compared with that associated with the
circulating blood pool (0). 2’I-labeled nonimmune IgG activity
associated with the Dacron shunt (@) is compared with that associ-
ated with the circulating blood pool (). The target/blood pool ratio
30 min after 2*I-labeled anti-PADGEM infusion was 33:1. The
target/blood pool ratio 30 min after infusion of %I-labeled nonim-
mune IgG was 5:1.

intact immunoglobulin and IgG F(ab'), fragments specific for
PADGEM demonstrated similar uptake parameters.

In Vivo Deep Venous Thrombosis Model. Thrombus was
induced by stasis in the femoral vein of a baboon. The
presence of a clot was confirmed by venography (Fig. 3 A and
B). Subsequently, 2*I-labeled anti-PADGEM antibodies (100
ng; 260 uCi) were infused through a superficial basilic vein.
The thrombus was observable without background subtrac-
tion on scintigrams obtained within 15 min after antibody
infusion. These images were optimal between 30 and 60 min
(Fig. 3C). The thrombus/blood pool activity ratios derived
from the radionuclide images were 3:1. In one experiment,
the clot was successfully removed by thrombectomy; a
scintigram obtained after clot removal revealed markedly
diminished radioactivity in the area of the thrombus. This 0.4
x 0.2-cm clot contained 0.02% of the injected dose of
123].labeled anti-PADGEM antibody. In three experiments,
the thrombus/blood pool activity ratio was, on average, 3.3
and a clear thrombus image was obtained without blood pool
subtraction techniques (Table 2). In two parallel experiments
using '?’I-labeled nonimmune IgG as the radiotracer, the
radionuclide did not concentrate in the region of the throm-
bus (Fig. 4). The thrombus/blood pool activity ratios derived
in these experiments were 1.2:1.

The '?’I-labeled anti-PADGEM antibodies cleared the
blood pool with an initial half-disappearance time of 6 min. A
second phase of antibody clearance exhibited a half-time of
about 4 hr. Blood samples drawn 60 min after injection of the
radiotracer showed that the circulating blood pool contained
32 + 3% of the injected dose. Scintigrams obtained 60 min
after injection showed the following radionuclide distribu-
tion: spleen, 2.5 + 1%; liver, 21 = 2%; bladder, 38.9 * 4%;
kidney, 1.8 + 0.5%. Radioactivity recovered from the urine
was free [*2I]iodide.

The infusion of anti-PADGEM antibodies did not alter
hemostasis. Platelet number; platelet aggregation in response
to epinephrine, ADP, or collagen stimulation; and coagula-
tion properties, including the prothrombin time and partial
thromboplastin time, were unchanged during the course of
the experiments.
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DISCUSSION

Thrombi form in blood vessels as a component of the normal
physiologic response to tissue injury or as part of a pathologic
process associated with the disruption of normal regulatory
control mechanisms. At present, the definitive diagnosis of
thrombosis requires radiographic visualization of the oc-
cluded blood vessel by use of a radioopaque contrast agent.
A safe and reliable method for the detection and localization
of thrombi in patients with thromboembolic disease would
greatly facilitate diagnosis. The use of antibodies that bind
specifically to a target in the thrombus and that can be labeled
to allow detection and quantitation offers one approach to
thrombus localization. The ideal target for localization of
thrombi (i) should be present in the thrombus but not
otherwise exposed in any other sites, (ii) should be present at
a sufficient concentration to facilitate its interaction with the
antibody, (iii) should be sufficiently exposed to the circulat-
ing blood so that the antibody has contact with the target, (iv)
should be structurally stable over time and should not
dissociate from the thrombus, (v) must not be obscured by
other adherent cells or proteins, and (vi) should interact
rapidly with the antibody.

With these characteristics in mind, we have evaluated
PADGEM as a target molecule for thrombus localization.
This platelet protein is internal in resting platelets but is
exposed on the platelet surface after platelet activation and
secretion (5). Thus, PADGEM is not expressed on the
circulating platelets in the blood but is expressed in activated
platelets that are incorporated into the thrombus. Because
this integral membrane protein remains associated with
activated platelets at the site of the thrombus, we have
performed experiments in solution and in a baboon model to
evaluate PADGEM as a target for thrombus detection.

The monoclonal antibody KC4 is specific for human
platelets (4) and does not crossreact with baboon platelets.
Therefore, we used immunoaffinity-purified rabbit polyclo-
nal anti-PADGEM antibodies for these studies. These anti-
bodies are specific for PADGEM and bind to baboon and

Table 2. Interaction of antibodies with deep venous thrombus

123]_labeled Thrombus/blood pool
antibody Exp. tracer ratio
Anti-PADGEM 1 3
2 4
3 3
3.3x0.4)
Nonimmune IgG 1 1.5
2 0.9
1.2 +£0.3)
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FiG. 3. Venograms and scinti-
%ram of in vivo venous thrombus with
23]-labeled anti-PADGEM. (A) Base-
line venogram of the left femoral vein
prior to thrombus formation. (B)
Venogram of the same vein after for-
mation of a thrombus (arrow). (C)
Scintigram obtained 60 min after in-
fusion of 12%I-labeled anti-PADGEM
(260 uCi; 100 ng). This anterior view
delineates the thrombus (arrow) with-
out any background subtraction.

human platelets equivalently. KC4, prepared against throm-
bin-activated platelets, is directed against a PADGEM epi-
tope that is exposed on intact activated platelets. Anti-
PADGEM polyclonal antibodies, prepared against purified
PADGEM, contain antibody subpopulations directed against
epitopes that are normally buried in the membrane or may be
located in the cytosolic compartment. Therefore, it was
anticipated that a fraction of the anti-PADGEM antibodies
would not bind to activated platelets. Indeed, almost all of the
KC4 antibody was associated with the clot, whereas only
70% of the anti-PADGEM was bound to the clot. In the
absence of a monoclonal antibody that bound to baboon
platelets, the polyclonal monospecific anti-PADGEM anti-
body reagent represented an option for use in an animal
model.

Angiography is currently the major clinical method of
thrombus detection and localization. However, this diagnos-
tic procedure requires cannulation and the injection of
contrast material into the vessel. Alternative methods have
been based on the principle that radiolabeled components of
the clot, such as !?°I-labeled fibrinogen (7) or n-
oxine-labeled platelets (7-14), can be incorporated into the
developing thrombus. Some of the labeled fibrinogen is
converted to fibrin and incorporated into the growing clot (7).
In scintigraphy using In-oxine-labeled platelets, a subpop-
ulation of the labeled platelets in the circulation becomes
incorporated into the thrombus (7-14). These methods have
allowed detection of ventricular thrombi (10), venous throm-
bosis (7, 14), and coronary artery thrombosis (9). Both
methods are compromised by the small amount of radiotracer
that becomes associated with the thrombus relative to the
large amount of radiotracer that persists within the circula-
tion. Because of the small signal (thrombus) superimposed on
a high background (blood), only large thrombi are easily
detected.

Oster et al. (15) employed a radiolabeled anti-platelet
monoclonal antibody for thrombus detection (see also ref.
28). This antibody, directed against the platelet membrane
glycoprotein complex gplIb-IIla, binds to resting and acti-
vated platelets. Another anti-platelet monoclonal antibody
has also been employed for thrombus imaging (16). In both
cases, the platelet target is not specific for platelets incor-
porated in thrombi but is associated with the circulating
platelets as well. Nonetheless, the use of an anti-platelet
antibody facilitates association of radiolabel with the platelet,
a practical improvement over 'In-oxine-labeled platelets
(11). However, platelet antibodies that alter platelet function
may cause undesired antithrombotic or bleeding complica-

tions (29).
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Thrombi are composed of activated platelets and cross-
linked fibrin strands and usually also include trapped eryth-
rocytes. Plasma does not contain significant fibrin but only its
precursor, fibrinogen. Thus, fibrin is a potential target for
thrombus imaging using such reagents as anti-fibrin antibod-
ies. Haber and colleagues (19, 30) described the preparation
of anti-fibrin antibodies that bind to fibrin but not to fibrin-
ogen. The abundance of fibrin in the thrombus makes this an
excellent target (17). However, small amounts of fibrin do
circulate in the plasma, and the preference of these antibodies
for soluble fibrin over crosslinked fibrin may complicate the
use of this antibody for thrombus imaging and detection.

We have evaluated PADGEM as a target for platelet
imaging. Although this protein has been found within venous
endothelial cells (31), it is neither exposed on circulating,
resting platelets nor present in a soluble form in plasma. We
have shown that anti-PADGEM antibodies are sequestered at
the site of thrombus formation in baboons in both an ex vivo
shunt model of thrombosis and an in vivo venous thrombosis
model. The kinetics of antibody uptake in the vicinity of the
thrombus is rapid, allowing visualization within 10 min and
optimal imaging within 1 hr. Because the target antigen does
not circulate in the blood, the radiolabel in the blood is rapidly
cleared, leading to low background blood pool activity and
concentration of radioactivity at the site of the thrombus.
This obviates the need for subtraction techniques to detect
and localize the thrombus. Moreover, this antibody does not
inhibit normal hemostasis. These initial results suggest that
PADGEM may be a useful platelet target for the imaging of
thrombi in vivo. Furthermore, anti-PADGEM antibodies may
prove useful for clot lysis, based on a strategy of antibody-
targeted fibrinolysis with an antibody-fibrinolytic enzyme
conjugate (32, 33).

We are grateful to Dr. Alan Callow for his continued interest and
support. This work was supported by grants (HL21543 and HL18834)
from the National Institutes of Health. T.M.P. is the recipient of an
Individual NSRA (HL07133) from the National Institutes of Health.

1. George,J. N., Nurden, A. T. & Phillips, D. S. (1984) N. Engl.
J. Med. 311, 1084-1098.

Holmsen, H. (1985) Semin. Hematol. 22, 219-240.

Gordon, J. L. & Milner, A. J. (1976) in Platelets in Biology and
Pathology, ed. Gordon, J.L. (Elsevier/North-Holland,
Amsterdam), pp. 3-22.

Hsu-Lin, S., Berman, C. L., Furie, B. C., August, D. & Furie,
B. (1984) J. Biol. Chem. 259, 9121-9126.

Berman, C. L., Yeo, E. L., Wencel-Drake, J. D., Furie, B. C.,
Ginsberg, M. H. & Furie, B. (1986) J. Clin. Invest. 78, 130-137.
Stenberg, P., McEver, R. P., Shuman, M. A., Jacques, Y. V.
& Bainton, D. F. (1985) J. Cell Biol. 101, 880-886.

Knight, L. C., Primeau, J. L., Siegel, B. A. & Welch, M. J.
(1978) J. Nucl. Med. 19, 891-894.

Thakur, M. L., Welch, M. J., Joist, H. & Coleman, R. E.
(1976) Thromb. Res. 9, 345-357.

N m s W

id

10.

11.

12.
13.

14.

15.

16.

17.
18.
19.
20.
21.
22.

23.

24.
25.

26.

27.

28.

29.
30.

31.
32.
33.

Proc. Natl. Acad. Sci. USA 86 (1989)

FiG. 4. Venograms and scinti-
gram of an in vivo venous thrombus
with 123]-Jabeled nonimmune IgG. (A)
Venogram of the left femoral vein
prior to thrombus formation. (B)
Venogram obtained after a thrombus
(arrow) was formed. (C) Scintigram
obtained 60 min after infusion of 123[-
labeled nonimmune IgG (260 uCi; 100
p1g). The thrombus was not visualized.

Riba, A. L., Thakur, M. L., Gottschalk, A. & Zaret, B. L.
(1979) Circulation 60, 767-1775.

Ezekowitz, M. D., Wilson, D. A., Smith, E. O., Burow,R. D.,
Harrison, L. H., Jr., Parker, D. W., Elkins, R. C., Peyton, M.
& Taylor, F. B. (1982) N. Engl. J. Med. 306, 1506-1513.
Powers, W. J. & Siegal, B. A. (1983) Semin. Thromb. Hemo-
stasis 9, 115-131.

Dewanjee, M. K. (1984) Semin. Nucl. Med. 14, 154-186.
Ezekowitz, M. D. & Zaret, B. L. (1984) Int. J. Cardiol. 5, 118-
123.

Ezekowitz, M. D., Pope, C. F., Sostman, H. D., Smith,E. O.,
Glickman, M., Rapoport, S., Sniderman, K. W., Friedlaender,
G., Pelker, R. R. & Taylor, F. B. (1986) Circulation 73, 668—
674.

Oster, Z. H., Srivastava, S. C., Som, P., Meinken, G. E.,
Scudder, L. E., Yamamoto, K., Atkins, H. L., Brill, A. B. &
Coller, B. S. (1985) Proc. Natl. Acad. Sci. USA 82, 3465-3468.
Som, P., Oster, P. O., Zamora, K., Yamamoto, K., Sacker,
D. F., Brill, A. B., Newell, K. D. & Rhodes, B. A. (1986) J.
Nucl. Med. 27, 1315-1320.

Hui, K. Y., Haber, E. & Matsueda, G. R. (1985) Thromb.
Haemostasis 54, 524-5217.

Liau, C. S., Haber, E. & Matsueda, G. R. (1987) Thromb.
Haemostasis 57, 49-54.

Hui, K. Y., Haber, E. & Matsueda, G. R. (1983) Science 222,
1129-1132.

Berman, C. L., Yeo, E. L., Furie, B. C. & Furie, B. (1989)
Methods Enzymol. 169, 311-326.

Mills, S. L., Denardo, S. J., Denardo, G. L., Epstein, A. C.,
Peng, J. & Colcher, D. (1986) Hybridoma 5, 265-275.
Parham, P. (1986) in Handbook of Experimental Immunology,
eds. Weir, D. M., Herzenberg, L. A. & Blackwell, C. (Black-
well, Edinburgh), Vol. 1, pp. 14.1-14.23.

Callow, A. D., Ledig, C. B., O’Donnell, T. F., Kelly, J. J.,
Rosenthal, D., Korwi, N. S., Hotte, C., Kahn, P. C., Vec-
chione, J. J. & Valeri, C. R. (1980) Ann. Surg. 191, 362-366.
Hunter, W. M. & Greenwood, F. C. (1962) Nature (London)
194, 495.

Sauvage, L. (1976) Healing of Arterial Prostheses, Goal of
Design and Clinical Use (Cardiovascular Research Center,
Seattle, WA).

Mackey, W. C., Keough, E. M., Connolly, R. J., McCullough,
J. L., Ramberg-Laskaris, K., O’Donnell, T. F., Jr., Foxall, T.
& Callow, A. D. (1984) J. Surg. Res. 37, 112-118.

Moser, K. M., Spragg, R. G., Bender, F., Konopka, R.,
Hartman, M. T. & Fedullo, P. (1980) J. Nucl. Med. 21, 1051-
1058.

Ezekowitz, M. D., Coller, B. & Srivastava, S. C. (1986) Int. J.
Radiat. Appl. Instrum. 13, 407-411.

Coller, B. S. & Scudder, L. E. (1985) Blood 66, 1456-1459.
Hui, K. Y., Haber, E. & Matsueda, G. R. (1986) Hybridoma 5,
215-222.

McEver, R. P., Marshall-Carlson, L. & Beckstead, J. H. (1987)
Blood 70, 355a (abstr.).

Bode, C., Matsueda, G. R., Hui, K. Y. & Haber, E. (1985)
Science 229, 765-767.

Runge, M. S., Bode, C., Matsueda, G. R. & Haber, E. (1987)
Proc. Natl. Acad. Sci. USA 84, 7659-7662.



