
diagnosis. Research is therefore aimed at achieving a rapid
blood clearance rate. Antiantibodies (5) and antibody frag
ments (6) are used to accelerate the disappearance rate of
the injected racliolabeled antibodies, though with only
moderate success. Tissue plasminogen activator (t-PA) is
a protease involved in fibrinolysis and is used in a recom
binant version in fibrinolyticaltreatment ofacute myocar
dial infarction. Imaging of recent thrombi with radiola
beled monoclonal antibodies against human t-PA gives
scintigraphic results comparable to those obtained by the
antifibrin antibody and, in contrast to the antifibrin anti
body, the results with the anti-t-PA antibody have been
achieved even in the presence of anticoagulants (7). Liver
has a high capacity for binding and eliminating t-PA (8,9)
yielding a half-life of t-PA in human circulation of 4 mm
(10) andin rabbitsof2 mm (11). Thepresentstudyshows
that administration oft-PA afterthe radiolabeledantibody
injection results in hepatic elimination of up to 99% of
the circulating radioactive t-PA-antibody complexes
within 10 mm. Thus, the time needed to get a scintigraphic
diagnosis may potentially be reduced from 24 hr to 1 hr
following injection oft-PA.

MATERIALS AND METHODS

Antibody
A murine monoclonal antibody F2 was raisedagainstpurified

melanoma t-PA. This antibody reacts with kringle 2 on human
t-PA. The hybridomacell was grownin cell culture.The antibody
(subclass IgG1)containing supernatant was purified on a Protein
A matrice. F(ab')2 fragmentswere produced by digestion of the
intact IgO with pepsin at an enzyme/substrateratio of 1:100at
pH 4.3 for 16 hr at 37Â°Cand purified on an Ultrogel AcA 44
column. The purity was monitored on silver-stainedSDS-gels.

Radiolabeling
The radiolabelingof these fragments is based on the method

of Richardsonet al. (12). The F(ab')2 fragmentwas conjugated
with the cyclic anhydrideofdiethylene-triaminepenta-aceticacid
(cDTPA) in a molar ratioof 1:4,so the averagenumber of DTPA
groups attached to each molecule was about 1.5. The protein
solutionwaspurifiedby centrifugalultrafiltrationusing0.375M
acetate buffer, pH 6.0. The solution was passed through a 0.22
@iMmilliporefilter,dispensedin vials each containing1.1 mg
and stored atâ€”18Â°C.To provide a specific radioactivity on 100

We have developed an @ln-IabeIedantibody for in vivo use
directedagainsttissueplasminogenactivatordemonstrating
focalfibnnolyticactivity.However,a majorproblemin immu
noscintigraphy is the low signal-to-noise ratio due to circulat
ingantibody.The hepaticclearanceof t-PA isveryrapid.The
effect of a subsequentinjectionof a small amount of t-PA
shortly after the antibody administration to increase the blood
clearancerateof theformedantigen-antibodycomplexeswas
examined in six rabbits. More than 99% of the circulating
antigen-antibody complexes were eliminated by the liver
within10 mm.Thistechniquecouldmakeimmunoscintigraphy
a firstlinediagnostictool in acute medicineindudingimaging
of thromboembolic lesions in organs with high blood volumes
such as the lungs, the heart, and the brain.

J NucIMed 1991;32:2318-2321

n a recent review of radiopharmaceuticalsfor thrombus
detection (1), Linda C. Knight states, â€œThegoal is a
radiotracer that binds specifically and rapidly to thrombi,
and also has a rapid blood disappearancerate, permitting
a clear diagnosis within few hours after injection and
without interference by anticoagulantsâ€•â€”agoal not yet
achieved.

Evidence is now accumulating that radiolabeled mono
clonal antibodies can bind specifIcally and rapidly to epi
topes on the thrombi. Clinical investigations until now
have mainly been performed with antibodies against plate
lets or crosslinked fibrin, but these antibodies have limi
tations in the presence of anticoagulants (2â€”4).The anti
fibrin antibody is the most frequently-used monoclonal
antibody for thrombus detection today, and is the only
one commercially available.

A high-activity ratio between a process and its back
ground (high signal-to-noise ratio) is essential for accurate
thrombus visualization. Using radiolabeled antibodies,
one often has to wait 24 hr before achieving an acceptably
high ratio (a time delay), which is inconsistent with acute
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MBq/mg, 130MBqIndium-i 1chloride(Amersham)wasadded
directlyto the thawn-outprotein solution. The productwas made
isotonic by adding 0.013 M phosphate buffer pH 7.4 containing
DTPA(to removepotentiallyfreeâ€˜â€˜â€˜Inions)andpassedthrough
a 0.22 @iMmilliporefilter.Radiochemicalpurity(radiolabeled
protein fraction) was determined on high-performance liquid
chromatography.The immunochemicalpurityof the conjugate
wasdeterminedas the percentageof radioactivityabsorbedon a
t-PAcoupledSepharose4B column.

Procedures
Six rabbits(New Zealand white) were injected with the mono

clonal antibody, at 14 ag/kg per rabbit. The specific radioactivity
ofthe antibodywas 100MBu.Jmg(a valuewhichcorrespondsto
that in our human study). The care of the rabbitswas according
to our institutionalguidelines.Rabbit1and2 receivedantibody
at t = 0 mm with no subsequentt-PA injection. Rabbit 3 received
antibody mixed in vitro with t-PA in 3 x molar concentration of
theantibody.Rabbits4 to 6 receivedantibodyat t = 0 mm. At
120 mm after the antibody injection these rabbits receivedan
intravenous injection of t-PA (Actilyse,BoehringerIngelheim)
overa periodof one mm.Theamountof t-PAinjectedwason a
molarbasis3,6, or 12timestheamountofthe antibodyinjected.

Blood Samples
Bloodsampleswere drawn at t = 0, 10, 20, 40, and 60 mm

andin additionto 2, 4, 6, and 12hrafterinjectionof antibody.
In rabbits4-6 additionalsamplesweredrawn10,20, 40, and60
mm afterinjection oft-PA. In each sample whole plasma activity
and the immunoreactive activity ofthe radiolabeledantibody in
plasma(determinedas activityin plasmaabsorbedon a t-PA
coupledsepharosecolumn)wasmeasured.Withregressionanaly
sis(FreeiancePlusver 3.01,Lotussoftware)thesedata, corrected
forphysicaldecayof theradioactivity,werefitto an exponential
curveand the half-lifewascalculated.

Organ Distribution
Rabbitswere killedafter 24 hr. Liver,kidneys,spleen, lungs,

and heart were weighed and samples were counted in a gamma
weilcounter(PackardCobra).Total activity-per-organwas cal
culated.

Patient Examination
Onepatientwithsymptomsofdeep venousthrombosisin the

rightcruralregionwasexamined.The diagnosiswasconfirmed
by phlebographyprior to the immunoscintigraphy. The patient
wason anticoagulanttherapy(phenprocoumonand heparin)at
thetimeof scintigraphy.A murinemonoclonalantibodyLineC
raisedagainstpurifiedmelanomat-PA,and previouslyused in a
humantrial(7) wasused.Thisantibodyreactswithkringle1on
human t-PA. One hr afterthe injection of 100 MBq@@ â€˜In-labeled
raonoclonalantibody,5 mg t-PA (Actilyse,BoehringerIngel
heim) was injected intravenously. Scintigrams were obtained
priorto and 20 mm afterthe t-PA injection.Counts-per-pixel
were determined in the area of the known thrombus and in a
similararea in the contralateralleg.

RESULTS
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3

FIGURE1. HPLCsizechro
matography of red@absied
conjugate. Peak heights rep
resent radioactivity.Peak 1
representspolymersofF(ab')@,
peak 2 (91%) represents
F(ab')@andpeak3 freeindium
DTPA.

purity was 91%. Radiochemical purity of the antibody
used in the patient study was 67%.

Blood Samples
The calculatedhalf-lifefor total radioactivityin plasma

was 10.3 hr when no t-PA was injected. By injection of t
PA two hr afterthe radiolabeledantibody injection a drop
in total plasma activity of the radiolabeled antibody was
seen. Within 10 mm a reduction in total plasma activity
of 86%-92% was observed, a reduction independent of
the t-PA dose given (Fig. 2). The decline in immunoreactive
antibody radioactivity showed a removal of more than
99% of the radioactivity within 10 mm after injection of
t-PA. The half-lifeofthis t-PA dependent elimination is 2
mm (Fig. 3). A slight rise in activityâ€”up to 3%â€”wasseen
in the hours after the initial elimination.

Valuesfrom the rabbit receivingt-PA mixed with anti
body in vitro are not shown on the figures because the

TotalplasmaactMty

Percentage of dose at 10 mm
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5@ ::::- :@::@-.@ A...@@ â€”â€”
.. .@

5 10 15

Time (hours)
20 25

FIGURE2. Totalradioactivityinplasmaaspercentageofinitial
activity. The symbols represent:(0) antibodyalone;(0), (s), (â€¢)
antibodyfollowedby subsequentt-PA injectionafter 2 hr in 3, 6,
and 12 times the molar amount of antibody respectively.

Radiolabellng
The radiochemical purity of the antibody used in the

rabbit study was 93% (Fig. 1),and the immunochemical
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Immunoreactive plasma activity

The declineof total radioactivityin plasma is a param
eterofgreat significance for imaging, since the total plasma
activity will determine the target/blood ratio. The reduc
tion in immunoreactive antibody radioactivity following
t-PAinjectionis a measurefor the in vivoefficiencyof the
receptoreliminationpathway.The decreasein total radio
activity will be less than the reduction in immunoreactive
antibody radioactivity unless the conjugate is 100% im
munochemical reactive. The slight rise in activity seen in
the hours after the initial elimination represent redistri
bution ofthe immunoreactiveantibody from the extracel
lular space(11). The present investigationconfirmsthat a
complex between t-PA and the radiolabeled anti-t-PA
antibody have a substantially shorter half-life in the cir
culation than the radiolabeled antibody alone. Further
more, the experiments demonstrate that it is possible to
exploit the rapid liverclearanceoft-PA in vivo.There are
at least two pathwaysby which t-PA is eliminated in the
liver (13). The antibody used in the rabbit study reacts
withan epitopeon human t-PAnot involvedin the hepatic
clearance of t-PA (9). The study also demonstrated that
there is a difference between the decrease in total plasma
radioactivity and in immunoreactive radioactivity. This
differenceis explainedby the immunochemical impurity
and underlinesthe importanceofa highimmunochemical
purity ofthe conjugateused.

A preliminaryobservationin one patient has indicated
that it is also possibleto obtain a decreasein blood-pool
activity in humans following t-PA injection without a
similar reduction in activity located on the thrombus
resulting in a substantial improvement in target/blood
ratio.

CONCLUSION

Biological background subtraction performed by injec
tion of a subtherapeuticaldose oft-PA within 1-2 hr after
antibody administration is capable of eliminating up to
99% ofthe background activity. This possibility of increas
ing the target/blood ratio opens new perspectives for the

%. @. application of immunoscintigraphy as a first line diagnos

. . . . tic tool in acute medicine including thromboembolic le
. . sions in organs with high blood-volume such as the lungs,: heart,andbrain.

It is conceivablethat the use of biologicalbackground
subtractionis not limitedto the fieldofanti-t-PA imaging.
Using bispecific antibodies, reactive with t-PA on one side
and any other epitope on the other, our method may
presumably be applied to many other forms of immuno
scintigraphy.
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radioactivity was eliminated even before the first blood
samplewasdrawn.

Organ Distribution
In rabbitsreceivingonlythe radiolabeledantibodywith

out additional t-PA the radioactivity pools were mainly
located in the kidneys (20%) and blood (19%), whereas in
rabbits receiving t-PA as well, up to 97% of the total
activity (rabbit 3) were contained in the liver.

PatientExamination
Scintigram obtained prior to the t-PA injection did not

reveal the exactlocation ofthe thrombus(Fig. 4). Increased
blood-pool activity in the right leg due to congestion in
the peripheralveinswasdetected.Twenty mm after the t
PA injection, blood-pool activity was reduced and the
location ofthe thrombus could be determined. An increase
in thrombus/blood count ratio from 1.2 to 1.6 was calcu
lated.

A
FIGURE 4. A patientwith a deep venousthrombosisin the
proximal crural region of the right leg (arrow). Scintigramsob
tamed60 mm(A)and 80 mm(B)after a radiolabeledt-PA specific
antibody injection. t-PA was injected immediately after the A
scuntigramwas Obtained.
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N oninvasive detection and local
ization of thrombi remains a

major challenge in clinical diagnosis.
To date, clinical investigations have
mainly been carried out with radiola
beled monoclonal antibodies (Mabs),
which are either specific for platelets
or fibrin. In orderto be clinically use
f'ulfor immunoscintigraphy of thrombi,
such Mabs should fulfill the following
criteria:

1. They should bind with high a!
finity to an epitope which occurs
at a high density at the thrombus
surface.

2. The epitopeshouldbehighlyor
totally thrombus-specific.

3. Epitope exposure should be in
dependent of thrombus age and
composition.

4. Antibodybindingshouldnotbe
affected by anticoagulant or
antiplatelet drugs.
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5. The antibody should not be af
fected by radioisotope labeling
procedures.

The first report on successful
thrombus radioimmunoimaging was
published in 1985 (1). The 7E3 anti
body enabled imaging of experimental
venous and arterial thrombi 1.5-2.0
hr after injection and thus fulfilled the
first criterion of a clinically use
ful antibody-based thrombus-specific
agent (2). Binding of7E3 to the plate

let IIb/IIIa glycoprotein complex in
the thrombus resulted in thrombus
to-blood ratios as high as 15 at 60-90
mm after injection of the radiolabel,
as a result of rapid accumulation of
99mTclabeled 7E3 at the thrombus
surface and a surprisingly rapid clear
ance of radiolabeled antibodies with
an effective half-life of 20 mm. How
ever, because of its extensive cross
reactivity with circulating unactivated
platelets, 7E3 does not fulifi the see
ond criterion of an optimal antibody
based thrombus-specific agent. Fur
thermore, accumulation of 7E3 oc

curred only at the surface of growing
thrombi, whereas maturation of
thrombi resulted in the disappearance
of the binding sites for 7E3. Conse
quently, only 1-day-old thrombi
could be imaged. Finally, the binding
of 7E3 to thrombi was greatly ham
pered in the presence of anticoagulant
agents.

More recently, Mabs specific for ac
tivated platelets have been produced.
Iodine-l 31-labeled KC4, a Mab di
rected against an epitope in PAD
GEM (platelet activation-dependent
granule-external membrane protein)
(3) allowed detection of deep venous
thrombi in femoral veins of baboons
at 1hrpostinjection. Recently, ligand
induced binding site-specific antibod
ies (LIBS) have been described (4),
which are specific for epitopes in the
glycoprotein lIb/Illa complex after its
interaction with Arg-Gly-Asp-con
taming ligands such as fibrinogen or
vitronectin. Such antibodies should
discriminate between resting and ac
tivated platelets, but data on their use
for thrombus imaging are presently
not available.
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