
BASIC SCIENCES

Evaluation of Indium-111-LabeledAnti-Fibrin
Antibody for Imaging VascularThrombi
Linda C. Knight, Alan H. Maurer, Ibrahim A. Ammar, David J. Shealy,
and Jeffrey A. Mattis

Temple University School ofMedicine and Hospital, Philadelphia, PA, and Centocor,
Malvern,Pennsylvania

Monoclonal antibody 59D8 developed by Hui et al., binds to fibrin but not fibrinogen. An 111ln
labeled Fab fragment of 59D8 was studied in vitro and in animal models to evaluate its
potential for imaging thrombi and emboli in man. Rabbits and dogs were used as models for
studying thrombus uptake in vivo.Thrombiand emboli up to 4 days old were successfully
visualized at 4â€”24hr postinjection in five of eight rabbits. Indogs, 0.5-hr-old and 24-hr-old
thrombi were successfully imaged at 24 hr in six of eight animals, and 3/6 of these were
positive at 3â€”4hr postinjection. Thrombus-to-blood ratios in the dogs averaged 7.1 Â±1.3.
The findings suggest this antibody may be useful for imaging thrombi in man.
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dioisotopic methods for detecting deep venous
thrombosis (DVT) still suffer from many limitations
despite the continued search for a scintigraphic method
for locating thrombi (1).

Radiolabeled antibodies have been tested as specific
probes for thrombi in the past. Initial studies used
polyclonal antibodies which reacted with fibrinogen as
well as fibrin (2-5). These antibodies rapidly became
bound to circulating fibrinogen, and thus traced the
incorporation of fibrinogen into forming thrombi. Pro
longed antibody residence time in the blood resulted in
a delay of at least 48 hr before thrombi could be
visualized. More recent studies have used both poly
clonal (6) and monoclonal (7) radioiodinated anti
bodies which react with fibrin monomer but not with
fibnnogen. Although fibrin-specific antibodies may
have increased affinity for aged thrombi, they still suffer
froma longresidencetimein theblood.Thislimitsthe
rapidity with which thrombi can be detected in the
presence of the blood background.

Previous studies with radiolabeled antibody for
thrombus detection used iodine-l31 (â€˜@â€˜I)as the radio
label. Although the technique of radioiodination of
proteins has been well-studied and produces a moder
ately stable label (8,9) the physical characteristics of â€œI
are not optimal for imaging and the use of radioiodine
may result in a high radiation dose to the thyroid.
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In this study, we evaluated the ability of a mono
clonal antibody reactive with human fibrin but not
reactive with fibrinogen (10) to detect thrombi in am
mal models in order to predict its potential for imaging
thrombi in man. A Fab fragment of the antibody was
used to shorten the residence time of the labeled anti
body in the blood circulation. In addition, the antibody
was radiolabeled with indium-ill (â€œIn),which has
improved physical characteristics for imaging.

METHODS

Source of the Antibody
The antibody used in these studies, 59D8, was previously

describedby Hui et al. (10). It was raisedagainsta synthetic
peptide comprising the first seven amino acids of the beta
chain of human fibrin, a site which is not exposed in fibrino

gen. Thus, it reacts with fibrin but not fibrinogen(10). The
hybridoma cell line 59D8 was grown in cell culture and the
antibody-containing cell supernatant purified by filtration.
The 59D8 IgO was purified on Protein A-Sepharose (Phar
macia Fine Chemicals, Piscataway, NJ) as described by Ey et
al. (11).

The immunoreactivity of 59D8 was determined using an
ELISA method similar to the assay previously described (10).
Fibrin monomer was prepared from human fibrinogen (AB
Kabi, Stockholm, Sweden)essentially as descnbed(12), except
that iodoacetamide was not included. Fibrin-coatedwells (50
ag/well, 50 zlper well)were blockedand washed,then five
fold serial dilutions of 59D8 assayed in duplicate. After wash
ing, bound 59D8 was detected with 1:2,500 alkaline-phospha
tase conjugated goat-anti-mouse IgG, using p-nitrophenyl
phosphateas substrate.The average0D4,0of duplicatewells
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as plotted as log (mg/ml) 59D8 protein concentration versus
0D410. Species crossreactivitywas studied by performingthe
above assay, using wells coated with fibrin from rabbit, dog,
pig and sheep (Sigma, St. Louis, MO) in place of human
fibrin.

Preparation of Fab fragment
The 59D8 IgG was digested with papain and the Fab

fragments purified as described previously (13), with the fol
lowing differences. The digest was carried out with 0.25 units
of papain per mg of IgG for 6 hr in the presence of 0.iM
cysteine, and stopped by adding 0.2M iodoacetamide. The
59D8 Fab was purified by anion exchange chromatography
and diafiltered into 0. 1SM NaC1.

Dernratization with DTPA groups
The 59D8-Fab was derivatizedwith diethylenetriaminepen

taacetic acid (DTPA) groups to facilitate stable binding of
â€œIn,according to the method of Hnatowich (14). Under
these conditions, between 1.0 and 1.5 DTPA groups were
coupled to each Fab. The immunoreactivity was re-tested and
comparedwith previousresults.

Radiolabeling with â€œIn
Thirty-five microliters of i.OM citrate, pH 5.0 was added

to 0.5 mg DTPA-59D8-Fab in 325 @dof saline. Up to 1 mCi
of â€˜â€˜â€˜Inas indium chloride (Amersham, Arlington Heights,
IL) was then added. After 10 mm, the incorporationof radio
activitywasassessedby ascendingthin layerchromatography
(15) using ITLC-SG media developed in 0.1M citrate buffer,
pH 5.0, or HPLC using a size-exclusion packing(Zorba X 0-
250, Dupont Chromatography Products, Wilmington, DE)
eluted with 0.2M phosphate, pH 7.0. The two methods gave
equivalent values for radiochemical purity. Prior to using the
labeled antibody in any functional tests, 25 zlofO. lM DTPA
in 0.IM citrate, pH 5.7, was added to complex any unbound
â€œInand prevent formation ofradiocolloids which could give
incorrect results (16). Ifthe radiochemical purity was <90%,
the labeled antibody was purified using ultrafiltration in a
Centricon 30 unit.

Bindingto Plasma aots In Vitro
The â€˜â€˜â€˜In-labeledantibody was tested for its ability to bind

to human, canine and rabbit plasma clots in vitro, using a
variation of the Ratnoff and Menzie assay (1 7). Clots were
formed at room temperature from 0.5 ml ACD plasma, mixed
with 0.5 ml 0.O5Mtris, pH 7.4, containing 0. 15MNaC1(TBS),
12 @lof 1M Ca@2 and 6 units of thrombin (Parke, Davis &
Co., Detroit, MI), and were wound out on a wooden stick as
they formed. In order to study the binding of antibody to
actively forming clots, [â€˜â€˜â€˜InJDTPA-59D8-Fabwas added to
each clot before the addition of calcium and thrombin. The
clots were wound out on a stick during 1 hr, then washed in
saline and dissolved in 6M urea in 0.2N NaOH. The dissolved
clot, wash and serum solutions were counted in a well counter
to determine the fractionoftotal radioactivityassociatedwith
the clot.

In order to study the binding of labeled antibody to pre
formed clots, the clots were wound for 1 hr at room temper
ature without the addition oflabeled antibody. The clots were
then washed in saline and placed in a tube containing [â€œIn]
DTPA-59D8-Fab in 1 ml of TBS, and incubated for 1 hr
before washing with saline, dissolving and counting.

To estimate the amount of nonspecific uptake of radiola
beled antibodies by the plasma clots in vitro, an â€˜â€˜â€˜In-control
antibody, the DTPA-conjugated Fab fragment of R I IDlO
anti-human myosin monoclonal antibody (13, nonreactive
with fibrin) was added to forming and preformed clots and
tested for uptake as described above.

Thrombus Uptake Studies in Rabbits
Thrombi and emboli were induced in 21 rabbits by injec

tion of a suspension of iron particles into each rabbit's left
ear, while holding a magnet in place over the rabbit's left neck
(18). The iron particles collected near the magnet and caused
a thrombus to form in the left jugular vein. The location of
the iron particleswas confirmed by an x-raywithout contrast.
The thrombus was allowed to age for 15 mm to 96 hr before
injecting 250 @tCi[â€˜â€˜â€˜In]DTPA-59D8-Fab into the rabbit's
right ear. Immediately after injectingthe antibody and flushing
it in with saline, 50 @Ciof â€˜25I-humanfibrinogen prepared by
the iodine monochloride method (19) was injected to serveas
a control. An aliquot ofeach dose was saved for latercounting
to determine the amount of activity injected. Anterior and
left lateral images ofeach rabbit were acquired using a gamma
camera (Searle Pho-Gamma IV) interfaced to a computer
(Medical Data Systems Med IV). The camera was fitted with
a parallelhole collimator and was set to acquire the 247 keY
photopeak of â€˜â€˜â€˜Inwith a 20% window. Using a 64 x 64
matrix, 300k counts were acquired in each image. At 24 hr
postinjection, a repeat x-ray was taken to confirm the location
of the iron particlesand the thrombus and a sample of blood
were removed for counting in a well counter. For each throm
bus, a thrombus-to-blood ratio was calculated:

counts/g thrombus
T:B ratio=

counts/g whole blood

No corrections were made for an increase in the weight of the
thrombus due to retained iron particles.

Two rabbits were injected with an â€˜@ â€˜In-labeledcontrol
antibody, DTPA-conjugated Fab fragment of Ri 1DlO anti
human myosin monoclonal antibody (13), nonspecific for
fibrin. The thrombi were removed and counted relative to
blood as described above.

Thrombus Uptake in Dogs
Thrombi were induced in the leg veins ofeight anesthetized

mongrel dogs by transcatheter placement of an embolization
coil (20). A catheter was introduced percutaneously into a
femoral vein as close as possible to the groin. The catheter
was advanceddistallyas faras possible.An embolization coil,
3mm or 5mm in size (Cook Co., Bloomington, IN) was
introduced into the catheter and advanced with a guidewire
until it emerged from the distal end of the catheter, where it
promptly expanded and lodged firmly in the vessel. The
location ofthe coil was confirmed by an x-ray without contrast
(Figs. 3C and 4B). At 30 mm or 24 hr after placing the coil,
600 @Ciof[â€•In]DTPA-59D8-Fab was injected into a foreleg,
followed by a saline flushand 75 @iCiof'251-humanfibrinogen.
An aliquot of each dose was saved for later counting to
determine the amount of activity injected.

Anterior images were obtained for up to 24 hr, using a
gamma camera interfaced to a computer. The camera was
fitted with a parallel hole collimator and was set to acquire
the 247 keV photopeak of â€˜â€˜â€˜Inwith a 20% window. Using a
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64 x 64 matrix, 300k counts were acquired in each image.
The thrombus and a blood sample were removed at 24 hr
postinjection for weighing and counting.

In three additional dogs, the ability of a radiolabelednon
specific control antibody to bind to thrombi was studied. The
model was created in the same way as described above. Each
dog received an injection of 600 @Ci[â€˜â€˜â€˜In]DTPA-RllDiO
Fab (13) followed by a saline flush and 75 zCi of [125I]
fibrinogen.

One additional dog received an intravenous injection of
â€˜â€˜â€˜InCh. Images were acquired for 24 hr.

BloodDisappearanceRate
Samples of blood were taken at various intervals from six

dogs following injection â€˜â€˜In]DTPA-59D8-Fab.The sam
pies were anticoagulated with heparin, centrifuged to pellet
cells, and 0.5 ml aliquots ofplasma were counted. An aliquot
of the dose was also counted to determine the amount of
activity injected. The â€˜â€˜â€˜Incontent (expressed as % of injected
dose per ml of plasma) was plotted versus time. The data
points after 30 mm were fit to an exponential curve (straight
line on a semiog graph) using a regressionprogram on a
computer(Cricket Graph, Cricket Software, Philadelphia, PA,
used on a Macintosh Plus Computer, Apple Computer, Cu
pertino, CA), to give an equation of the form y = aâ€¢l0@
where a = y-intercept and b = slope. The half-life of the late
component of the blood disappearance curve was calculated
by dividing(â€”log2) by the slope.

RESULTS

Retention of ImmunoreactivityFollowing
Fragmentationand Derivatization

Figure 1 shows the curves of immunoreactivity for
59D8 IgG and DTPA-Fab. There is no difference in the
immunoreactivity between the two forms. The species
crossreactivity studies were in agreement with the re
sults of Matsueda et al. (10), indicating that dog fibrin

had the best cross-reactivity, and rabbit fibrin the next
best.

Labeling Efficiency
The efficiency oflabeling DTPA-59D8-Fab with â€˜â€˜â€˜In

was 88.2 Â±10.9% (mean Â±1 s.d., based on 64 label
ings).

Binding to Plasma Clots In Vitro
The binding of [â€œIn]DTPA-59D8-Fabto rabbit,

canine and human plasma clots in vitro is given in
Table 1. The binding oflabeled antibody to pre-formed
rabbit clots is -@-Â¾the magnitude of binding to human
pre-formed clots. This indicated that the rabbit may be
adequate to use as a model for studies in vivo of this
antibody. The extent of uptake of nonspecific antibody
was very low.

Thrombus Uptake in Rabbits
These studies were done in an attempt to determine

the ability of [â€˜â€˜â€˜In]DTPA-59D8Fab to bind to aged
thrombi in an animal model. The early images (3 to 4
hr postinjection) showed primarily residual blood-pool
activity and the 24-hr images revealed accumulation of
radioactivity in the liver, kidneys and urinary bladder,
and also in the shoulder joints. Many of the thrombi
were visible on images acquired at 4 and 24 hr postin
jection (Table 2). Typical images are shown in Figure
2. Our ability to visualize the uptake oflabeled antibody
in the thrombus depended largely on the location of
the thrombus. Unfortunately, many of the thrombi
embolized to the lungs, where it was very difficult to
detect them so close to the high activity in the liver and
heart. However, we were able to detect eight of ten of
the thrombi which remained in the neck, even ones
which were 96 hr old. Images of rabbits injected with
control antibody showed primarily blood pool, liver,
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FIGURE 1
Immunoreactivity of 59D8 antifibrin
antibody. lgG;- - -- DTPA
Fabfragment.
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Species%

Bound
Forming

clotsto

clot
Pre-formed

clotsHuman75Â±412Â±1Rabbit22Â±39Â±2Canine75Â±0.410Â±1Human(controlAb)t5.7Â±0.11.3

Â±0.6Meanof3Â±s.d.t

RI 1D1O antimyosinmonoclonal antibody

Jugular vein thrombi5/106/88/10
(twoembolized)Pulmonaryemboli0/102/123/12In

heart0/10/10/1

TABLE I
Uptake of [111lnjAntifibrinAntibody by Plasma Clots In

Vitro

distinguish thrombus uptake in those thrombi which
were near the groin. Figures 3 and 4 illustrate examples
of the appearance of images. Thrombi were clearly
visible in six of eight animals at 24 hr postinjection. In
Dogs 1 and 2, the coils were placed too close to the
body and were obscured in the image by bladder activ
ity; however, it is felt that these thrombi would have
been visualized ifthey had been more distal. The uptake
was also clearly apparent at 3â€”4hr postinjection in
Dogs 6, 7, and 8 (Fig. 3). The thrombi in the other dogs
were visible at 24 hours but not at 3â€”4hr, this is
probably because they were located in areas with a great
deal ofblood background (Dogs 3 and 4), or very small
thrombi(Dog 5).

As in the rabbit studies, the early images (3â€”4hr)
also showed blood-pool activity and uptake in the liver
and kidneys. At 24 hr, the popliteal lymph nodes (22)
and knee joints were also visible.

The values for the uptake of control antibody [â€œIn]
DTPA-Rl iDlO in dogs are given in Table 4. The
thrombus-to-blood ratios are low, indicating that the
observed uptake of [â€˜â€˜â€˜In]DTPA-59D8 reflects specific
binding of the antibody to fibrin. Images of the dog
following injection of [â€˜â€˜â€˜In]chlorideshowed a pattern
of bone and joint and lymph node uptake that was
consistent with the appearance of the â€˜â€˜â€˜In-labeledan
tibody images at 24 hr, suggesting that symmetrical
knee and lymph node activity may be an indication of
the formation of indium-labeled metabolites similar to
the compounds formed after injection of indium chlo
ride.

Absolute Uptake
The absolute uptake of each tracer in thrombi in

rabbits and dogs are given in Table 5. Fibrinogen had
a higher absolute uptake than 59D8-Fab in all cases.

Blood Disappearance Rate of Iâ€•InIDTPA-59D8-Fab
The curves of disappearance of â€˜â€˜â€˜Inand @25Iactivity

from the plasma of one dog are plotted in Figure 5. It
illustrates that the clearance of [â€˜â€˜â€˜In]DTPA-59D8-Fab
from plasma is much more rapid than fibrinogen. The
clearance curves were biphasic. When the half-times for
the longer-lived component of the curves from all six
dogs were averaged, the half-time (Â±1 s.d.) was 8.46 Â±
1.39 hr for [â€˜â€˜â€˜In]DTPA-59D8-Fab compared with 27.1
Â±4.0 hr for [â€˜251]fibrinogen.The average R for the fit
was 0.99 for 59D8-Fab and 0.97 for Fbg. Ifone assumes
that plasma volume is 35 mi/kg body weight, approxi
mately 40% of the injected dose of 59D8 is still circu
lating at 3 hr postinjection, and -@@â€˜8%is still circulating
at24 hr.

DISCUSSION

We have shown that â€˜â€˜â€˜In-labeledDTPA-59D8-Fab
has affinity for clots in vitro and for thrombi in two

and kidneys, with no discernable uptake in the region
of the thrombus.

Table 3 lists the thrombus-to-blood ratios of [â€˜â€˜â€˜In]
DTPA-59D8-Fab and [â€˜25I]fibrinogenas a function of
thrombus age. All of the ratios were rather low, despite
the focal appearance of some of the thrombi in the
neck; however, the ratios for [â€˜25I]flbrinogenwere also
lower than expected. The uptake of antibody was com
parable to that of fibrinogen at all times and was better
than fibrinogen in thrombi 72 and 96 hrs old. In the
control studies, administration of radiolabeled nonspe
cific antibody did not result in focal uptake at the site
of the thrombus, and thrombus-to-blood ratios were
found to be < 1.0 (Table 2).

Thrombus Uptake Studies in Dogs
Because 59D8 antibody has excellent crossreactivity

with canine fibrin, and because the information to be
gained from the rabbit studies was limited owing to the
poorer species cross-reactivity with rabbit fibrin, throm
bus uptake studies were also carried out in dogs. Aged
thrombi over 24 hr old were not attempted in dogs,
however, because previous experience had shown that
the dog's active fibrinolytic system made it difficult to
study older thrombi (21).

The coils did not move from their initial placement
positions because they were firmly wedged in place. The
coils were completely enclosed in occlusive thrombus.

The thrombus-to-blood ratios obtained in the dogs
are given in Table 4. The ratios, typically -@-7or 8:1, are
all high enough to permit easy visualization in the
extremities. However, accumulation of activity in the
urinary bladder and surgical site made it difficult to

TABLE 2
Ability to Visualize Uptake of [111ln]DTPA-59D8-Fab in

Rabbit Thrombi and Emboli

No.visualized/no.of lesions
4hr 24hr ateithertime

Volume 29 â€¢Number 4 â€¢April1988 497



Uptake of[111TABLE
3

ln]DTPA-59D8-Fabby Thrombiin Rabbits
Mean thrombus-to-blood ratio Â±s.d. at 24hrThrombuspostinjectionagenâ€¢[â€œlnJ59D8-Fab

l@ln@confrolt[l2Sl]flb@jpiin@

C

animal models. The uptake in the thrombi in vivo was
high enough to permit visualization by external imaging
at 24 hr, and in some cases at 3â€”4hr postinjection.

The antibody studied in this work has been shown
to be highly specific for binding to fibrin in vitro and
ex vivo (10). Even with highly specific binding, how
ever, prolonged circulation ofunbound radioactive spe
cies in the blood is a barrier to satisfactory imaging of
thrombi. One early study of anti-fibrinogen antibody

in animals (2) showed that the use ofa goat-anti-rabbit
antibody could quickly remove labeled rabbit-anti-hu
man fibrin antibody from the circulation without af
fecting the thrombus-bound radioactivity, thus rapidly
improving the target-to-background ratio. The Fab frag
ment used in these studies would be expected to have a
faster rate ofblood disappearance than intact IgG (23).
Thus, the use of the radiolabeled Fab fragment makes
earlier imaging possible without the need for the injec
tion of a second antibody to reduce the blood back
ground. In addition, Fab fragments should be less im
munogenic than IgG (23).

In these studies, the antibody fragment was labeled
with â€˜â€˜â€˜In,which has physical characteristics superior
to the more common radiolabel for antibodies, â€˜@â€˜I:the
physical half-life is shorter, there is no beta emission,
the emitted gamma rays are of more suitable energies
and are emitted in high yield. In addition, â€˜â€˜â€˜Incan be
attached quantitatively to the DTPA-antibody without
requiring additional purification.

Rosebrough et al. (7) studied the thrombus uptake
of an â€˜3'I-labeledmonoclonal antibody (MAb/T2Gls,
24) which may have the same epitope as 59D8. In a
dog model similar to the one reported here, Rosebrough
et al. found that the antibody achieved thrombus-to
blood ratios averaging 8.4 at 48 hr postinjection. We
have observed comparable thrombus-to-blood ratios at

lâ€”5hr41.19Â±0.420.94Â±0.4424hr152.17Â±0.841.32Â±1.0948

hr102.15 Â±1.020.93 Â±0.6772
hr1 11 .23Â±0.470.30 Â±0.1196hr51.22Â±0.460.53Â±

0.19

48 hr 3 0.94 Â±0.08 0.48 Â±0.16
96hr 1 0.49 1.3

. Number of thrombi.

t Al 1 Dl 0 antimyosin monoclonal antibody, nonspecific for fi

brin.
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FIGURE 2
Images of a rabbit with a thrombus (T) in its jugular vein. The thrombus was aged for 96 hr before injection of the
antibody. A and B: Left lateral and anterior gamma camera images taken at 24 hr postinjection demonstrate focal
uptake at the site of the thrombus (arrow). C: An x-ray shows the location of the trapped iron particles.



Thr

Dog Thrombusombus-to-bloodratioS

at 24hrWeightID

age[111lnJ59D8-FabCOntrOl[â€˜@I]fibrinogen(mg)D-1

30 mm8.713.7110D-2
30mm7.310.5141D-3
30mm7.67.486D-4
30 mm4.85.4282D-5
24hr8.47.713D-6
24hr5.65.3102D-7
24hr7.52.329D-8
24hr6.7nd.37D-A

30mmO.48@73201D-B
30mm0.73t8.8155D.C

30mm0.71*n.d.153.

Counts per gram thrombus/counts per gram wholeblood.t

1111n-Iabeled antimyosin monoclonal antibody, nonspecific forfibrin.*

[111in]chloride.

TABLE4
Uptake of [111ln]DTPA-59D8-Fab by Thrombi in Dogs

I

C

R

A

R

B

L

L

FIGURE 3
Gamma camera images of Dog 6 with a thrombus in the right leg demonstrate focal uptake in the site of the thrombus
(indicated by arrow) but no apparent uptake in the same location on the control side (image at the same intensity
settings). A: 24 hr postinjection. B: 4 hr postinjection. C: An x-ray shows the locationof the coil.
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Species%

ID/gram
(mean Â±s.d.)

Thrombus
age [â€œ11n]Fab[1251]FbgDog30

mm 0.074Â±0.061 0.430Â±0.23Dog24
hr 0.081 Â±0.031 0.333 Â±0.176Rabbit3.5â€”4.5

hr 0.127 Â±0.015 0.371 Â±0.009Rabbit24
hr 0.115 Â±0.047 0.186 Â±0.073Rabbit48
hr 0.117 Â±0.064 0.239 Â±0.126Rabbit72
hr 0.053 Â±0.026 0.108 Â±0.031Rabbit96
hr 0.063 Â±0.006 0.204 Â±0.197RabbitControl

antibody
48 hr 0.048Â±0.005 0.171Â±0.057Dog30

mm 0.0080.375*ft@fltimyosin

monoclonalantibody.

R

FIGURE 4
Images of Dog 5. A:Anteriorgamma
camera images taken 24 hr postin
jection demonstrate focal uptake of
[111ln]DTPA-59D8-Fabin the site of
the coil (bottom, indicated by arrow)
and absence of focal uptake in the
same location on the control side
(top). B: X-ray showing the position
of the coil.

24 hr postinjection. This difference may be due to the
longer residence time of their antibody in the blood: at
24 hr, 59% of the administered radioactivity was still
circulating, compared with [â€˜â€˜â€˜In]DTPA-59D8-Fab
(@â€˜8%still circulating).

Other radiolabeled antibodies have also recently been
reported for use in thrombus defection. A radiolabeled
antibody which binds specifically to platelets has been
used to label platelets in vivo and trace their incorpo
ration into thrombi in dogs (25,26). It is known that
labeled platelets are incorporated primarily into fresh
thrombi, however (21), so this technique still has the
limitation of not being able to detect aged thrombi.

Other radiopharmaceuticals such as radiolabeled

TABLE 5
Absolute Thrombus Uptake by 24 hr Postinjection

fragment E, (27), which is not based on monoclonal
antibodies, are being evaluated as probes for both fresh
and aged thrombi (28,29). In contrast to the fibrin
specific monoclonal antibodies, fragment E, has a more
rapid rate of blood disappearance (faster than Fab frag
ments), recognizes fibrin dimers or strands but not
fibrin monomer, and achieves a higher thrombus-to
blood ratio in the same length oftime. Fragment E, has
the disadvantages that it must be isolated from human
blood products, and that it is susceptible to degradation
in vivo so that the binding of radioactivity to a throm
bus is of limited duration.

In this work, we have attempted to choose the best
animal models suitable for the antibody and for the

Co

Q.

Ui
a.
Ui
Cl)
0

UiI-.
C.)
Ui

z

30

FIGURE 5
Blood disappearance curves in a dog. (â€” â€”â€”U)[111In]
59D8-Fab;(â€¢â€”â€”â€”â€”â€¢)[125I]fibrinogen.Exponentialswere
fitted to the data after 30 mm: [111In]Fab(T'/2 = 10.8 hr; A
= 0.98) [125I]Fbg (TÂ½ = 31 .7 hr; A = 0.95).

0 10 20

TIME(HR)

500 Knight,Maurer,Ammaretal The Journal of Nuclear Medicine



measurements being made. The species crossreactivity
studies showed that dog fibrin had the highest cross
reactivity with the antibody (10), but dogs have an
active fibrinolytic system, making it difficult to study
aged thrombi. Other reports using the coil model in
dogs claim to achieve thrombi several days old but
expressed concern about whether the coil model was
continuously thrombogenic (30). We judged rabbit fi
brin to have adequate crossreactivity for studying the
antibody in rabbits, based on species crossreactivity
studies and clot uptake studies in vitro (Table 1). The
iron particles/magnet method of inducing thrombi in
rabbits was chosen for its lack of external surgical site,
but we do not have conclusive evidence as to its suita
bility as a model of aged thrombi. The relatively high
absolute uptake offibrinogen in this model several days
after thrombus induction (Table 5) suggest that this
model may also be continuously thrombogenic. Further
studies of the antibody in a different model of aged
thrombi are needed.

The use of radiolabeled fibrinogen as a positive con
trol not only permits evaluation ofthe continued fibrin
deposition in the thrombus, but also permits correlation
of the thrombus uptake of a new radiotracer with a
standard tracer which has previously been used success
fully in man for thrombus imaging (31,32). The data
reported here suggest that [â€˜â€˜â€˜InJDTPA-59D8-Fab
should be at least as good as iodinated fibrinogen for
producing an adequate thrombus-to-blood ratio in
man. The absolute uptake of fibrinogen was greater
than antibody in all groups ofthrombi tested, however,
suggesting that the more rapid blood disappearance rate
of the antibodyis importantin its abilityto achieve
comparable thrombus-to-bbood ratios.

The focal uptake of [â€˜â€˜â€˜In]DTPA-59D8-Fabin areas
of thrombi was clearly visible by 24 hr, when the
thrombus was located well away from liver or bladder,
which accumulated significant amounts of â€˜â€˜â€˜In.Al
though uptake was occasionally visible at 3-4 hr, the
image quality was hampered by residual blood pool.

The uptake of radioactivity observed in the knee
joints is not unusual for â€˜â€˜â€˜In(33) and may reflect the
breakdown ofthe labeled antibody by the liver to release
the radioactivity in some other form, perhaps as [â€˜â€˜â€˜In]
transferrin, which has affinity for erythroid precursors
in the bone marrow (33). It is known that small
amounts of â€˜â€˜â€˜Incan exchange from DTPA-proteins
while in the circulation, and the extent ofthis has been
estimated to be 2% (34) to 9% (35) per day. No free
â€œInwas injected into the animals, because DTPA was
added to each labeled antibody preparation to bind up
any free â€˜â€˜â€˜Inbefore injection. Previous studies have
observed the same pattern of â€˜â€˜â€˜Inuptake in knee joints
in dogs, as well as the uptake by the popliteal lymph
node following injection of [â€˜â€˜â€˜In]platelets(21). The
symmetrical nature ofthe â€˜â€˜â€˜Injoint activity, however,

was easily recognized and should therefore not be con
fused with vascular thrombi. Further, this uptake may
be more pronounced in dogs than it is in humans.

In conclusion, we observed that the â€˜â€˜â€˜In-labeledFab
fragment of 59D8 monoclonal antibody binds to
thrombi in animal models with sufficiently high throm
bus-to-blood ratios to permit imaging at 24 hr, and
sometimes at 4 hours post injection. Therefore, this
labeled antibody should bind to thrombi in man, per
mitting external imaging.
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