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The objective of this work was the preclinical evaluation of ®*™Tc-
P280, a **™Tc-labeled peptide having high affinity and specificity for
the GPlib/llla receptor expressed on activated platelets, for use as a
thrombus imaging agent. Methods: The affinity and specificity of
P280 peptide for the GPIlIb/llla receptor was assessed by the
inhibition of ADP-stimulated human platelet aggregation, the inhibi-
tion of the binding of fibrinogen to the GPIIb/llla receptor and the
inhibition of the binding of vitronectin to the vitronectin receptor.
P280 peptide was radiolabeled with ®*™Tc by ligand exchange using
#mTc-glucoheptonate. The ability of ®™Tc-P280 to detect thrombi
in vivo was assessed using a canine venous thrombosis model and
the biodistribution of ®*™Tc-P280 was determined in rats and
rabbits. Results: P280 peptide had an IC;, of 79 nM for the
inhibition of aggregation of human platelets in platelet rich plasma,
an IG5, of 6.8 nM for the inhibition of fibrinogen binding to the
GPlibAlla receptor and an ICg, of 13 uM for the inhibition of
vitronectin binding to the vitronectin receptor, showing the high in
vitro receptor binding affinity and specificity of the peptide. ™ Tc-
P280 was readily prepared in =90% radiochemical yield and purity
and provided images of femoral vein thrombi in the canine model by
1 hr postinjection (thrombus-to-blood ratio of 4.4 and thrombus-to-
muscle ratio of 11 at 4 hr). Dog, rat and rabbit studies all showed
rapid clearance of the radiotracer from the blood and rapid renal
excretion. Conclusion: The combination of high in vitro receptor-
binding affinity and specificity, in vivo thrombus imaging and fast
clearance support the evaluation of ®™Tc-P280 as a clinical imag-
ing agent.
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Deep vein thrombosis (DVT) and pulmonary embolism (PE)
are common clinical conditions that are associated with signif-
icant morbidity and mortality. It has been estimated that in the
U.S. approximately 5 million patients experience one or more
episodes of DVT per year, that over 500,000 cases of pulmo-
nary embolism occur and of these 100,000 deaths result (/). It
has been estimated that more than 70% of all pulmonary emboli
arise from DVT in the lower extremities (2). Thus the accurate
and timely diagnosis of this condition is an important and
recurrent clinical problem.

The diagnostic modality most commonly used to detect DVT
is Duplex ultrasonography. This noninvasive procedure has
been reported to have excellent sensitivity and specificity in the
thigh, but poor accuracy below the knee (3) and poor sensitivity
in asymptomatic, high-risk patients (4). Although the contrast
venogram is still considered the most accurate method for
detecting DVT, this uncomfortable procedure has significant
associated complications and is decreasingly used in the U.S.
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Both methods have questionable accuracy in differentiating
acute from chronic conditions.

A hot spot scintigraphic thrombus imaging agent has been a
long-desired goal (5). Radiopharmaceuticals that have been
investigated for this use include various radiolabeled plasma
proteins and radiolabeled platelets (see reference 6 for a review)
but these have suffered from lack of specificity, poor pharma-
cokinetics or cumbersome radiopharmaceutical preparation
(derivation from human blood or involving the manipulation of
autologous blood). More recently, both platelet and fibrin-
binding radiolabeled murine and human monoclonal antibodies
have been examined as thrombus imaging agents, but these also
suffer from slow pharmacokinetics and also have a potential for
inducing an immune response (see references 6 and 7 for
reviews).

Platelets, which are to a greater or lesser extent a component
of all thrombi, express the surface membrane glycoprotein
IIb/Ila (GPIIb/IIa) receptor (8). When a platelet becomes
activated, for example upon binding to a break in a vessel wall,
its GPIIb/IIIa receptors become available for binding fibrinogen
(9). Fibrinogen binds to the GPIIb/Illa receptor on activated
platelets, but not on unactivated platelets, with moderately high
affinity (Kd = 100 nM)(10) and cross-links platelets to form a
hemostatic plug (9). Thus, an imaging agent which binds
specifically to the GPIIb/Illa receptor on activated platelets
would represent a true biochemical marker of the active process
in thrombosis.

It has been found that small peptides (less than 20 amino
acids) containing the peptide sequence arginine-glycine-aspar-
tate (RGD in single-letter amino acid code) can be constructed
such that they bind to the GPIIb/Illa receptor with a high
enough affinity to effectively compete with endogenous fibrin-
ogen (11). A suitably radiolabeled peptide that binds with high
affinity to the GPIIb/IIIa receptor on activated platelets should
provide a means of localizing thrombi anywhere in the body
using gamma scintigraphy.

Knight et al. reported being able to detect femoral vein
thrombi in a dog model using *°™Tc-labeled GPIIb/IIla recep-
tor-binding peptides (/2). However the peptide selected for
clinical evaluation (PAC-8) had only modest affinity (IC5, = 12
1M in an inhibition of platelet aggregation assay, see below) for
the GPIIb/IIIa receptor and performed poorly in initial clinical
studies (13).

We have carried out an extensive structure-activity relation-
ship study of small, synthetic, “™Tc-labelable, high-affinity
GPIIb/I11a receptor-binding peptides. From that study we have
selected the synthetic peptide, P280, which contains an RGD-
mimetic sequence, which binds with high affinity to the
GPIIb/Illa receptor, and which when labeled with 99mTe,
provides *™Tc-P280, a new radiopharmaceutical for the non-
invasive detection of thromboembolism. This report describes
the preclinical evaluation of *™Tc-P280.
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MATERIALS AND METHODS
P280 Peptide Trifluoroacetate

P280 peptide trifluoroacetate salt was prepared by solid-phase
peptide synthesis using an ABI 431A peptide synthesizer, ABI
FastMoc™" chemistry and Rink amide resin (Advanced Chem Tech,
Louisville, KY). The peptide was purified by preparative C,g
reversed-phase HPLC using a Delta-Pak C,g, 15 um, 300 A, 47 X
300 mm column (Waters Chromatography, Millipore Corp., Mil-
ford, MA) and 0.1% trifluoroacetic acid in water (0.1% TFA/H,0)
modified with 0.1% trifluoroacetic acid in 90% acetonitrile/10%
water (0.1% TFA/(90% CH;CN/H,0)) as eluents, and then lyoph-
ilized. The identity of the P280 peptide trifluoroacetate was
confirmed by amino acid analysis and electrospray mass spectrom-
etry (ESMS). P280 peptide purity was determined by analytical C,g
reversed-phase HPLC in two different solvent systems and peptide
content was determined by analysis of total nitrogen.

Technetium-99m-Radiolabeling

Peptide P280 was labeled with “™Tc by ligand exchange using
99mTc-glucoheptonate as ligand exchange reagent. Thus, P280
peptide trifluoroacetate was dissolved to 1 mg/ml in 0.9% saline.
Technetium-99m glucoheptonate was prepared by reconstituting a
Glucoscan® vial (DuPont Pharma, Billerica, MA) with 1.0 ml of
99mT¢ sodium pertechnetate containing up to 7.4 GBq (200 mCi)
and allowed to stand for 15 min at room temperature. To each ml
of peptide solution was added 250 ! of *™Tc-glucoheptonate, the
reaction was allowed to proceed at 100°C for 15 min and then the
solution was allowed to cool to room temperature and filtered
through a 0.22-um low protein-binding filter.

Radiochemical yield and purity were determined by instant
thin-layer chromatography (ITLC) using saturated saline (**™Tc-
P280, and ®*™Tc-microcolloid remain immobile, other species are
mobile) and water (°*®™Tc-microcolloid immobile, all other species,
including **™Tc-P280, are mobile) as developing solvents.

Radiometric-HPLC was performed using an HPLC equipped
with an in-line gamma detector linked to an integrating recorder, an
analytical reversed-phase column (Delta-Pak C18, 5 uM, 300 A,
3.9 X 150 mm) eluted at 1.2 ml/min with a gradient of 0.1%
TFA/H,0 to 0.1% TFA/(90% CH;CN/H,0) over 20 min.

In Vitro Assays
Inhibition of Human Platelet Aggregation. Peptide P280 was

evaluated in vitro for inhibition of platelet aggregation essentially
as described by Zucker (/4). Each assay used fresh human
platelet-rich plasma at approximately 300,000 platelets per wl.
Aggregation of platelets was induced by 10 or 15 uM ADP and
was measured using a Bio/Data aggregometer. The concentration
of P280 peptide was varied from 500 to 0.1 wg per ml. The
concentration of peptide which reduced platelet aggregation by
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50% (ICs,) was determined from plots of percent aggregation
versus peptide concentration (inhibition curves).

Inhibition of Binding of Fibrinogen to GPIIb/Illa Receptors and
of Vitronectin Binding to Vitronectin Receptors (Vnr). These assays
were performed as has been reported (/5,16). Briefly, the assays
were set up as competitions between P280 peptide and either
soluble GPIIb/Illa or Vnr preparations for either fibrinogen or
vitronectin bound to plastic multiwell plates. Bound GPIIb/IlIa or
Vnr were assayed using mouse antireceptor antibodies and then
HRP conjugates of either rabbit or goat antimouse antibodies.

Animal Model

Technetium-99m-P280 was evaluated in vivo in an animal
model which has been reported previously for the evaluation of
thrombus imaging radiotracers (/2,17,18). Mongrel dogs (13 to 26
kg, fasted overnight) were sedated (ketamine and acepromazine
intramuscularly) then anesthetized intravenously with sodium pen-
tobarbital. In each animal, an 18-gauge angiocath was inserted into
the distal half of the right femoral vein and an 8-mm dacron-
entwined stainless steel embolization coil (Cook Co., Bloomington,
IN) was placed in the femoral vein at approximately the mid-femur.
The catheter was removed, the wound was sutured and the
placement of the coil was documented by radiography. The animals
were allowed to recover overnight.

Imaging Studies

On the day following coil placement, each animal was re-
anesthetized, intravenous saline drips were placed in each foreleg
and a urinary bladder catheter was inserted to collect urine. The
animal was placed supine under a gamma camera (GE MaxiCam-
era, Milwaukee, WI) which was equipped with a low-energy,
all-purpose collimator and set to acquire the 140 keV photopeak of
9mTc with a 20% window. Images were acquired on a NucLear
Mac computer system (Scientific Imaging, Denver, CO).

In 6 dogs, *™Tc-P280 (185-370 MBq (5-10 mCi) **™Tc and
0.2-0.4 mg peptide) was injected intravenously as a bolus into a
foreleg line and flushed in with saline.

As a positive control, three dogs were studied with **™Tc-
HMPAO-labeled autologous platelets (19) (260 MBq; 7 mCi) and
as a negative control, two dogs were studied with ™ Tc-glucohep-
tonate (290 MBgq; 8 mCi).

Gamma camera imaging was started simultaneously with injec-
tion. Anterior images over the heart (64 X 64 byte matrix) were
acquired as a dynamic study (10-sec image acquisitions) over the
first 10 min then as static images at 1, 2, 3 and 4 hr postinjection.
Anterior 128 X 128 byte images over the legs were acquired for
500,000 counts or 20 min, whichever came sooner, at 12 min and
at approximately 1, 2, 3 and 4 hr postinjection. Leg images were
collected with a lead shield placed over the bladder.
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FIGURE 1. P280.
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FIGURE 2. %*™Tc-P280 HPLC radiometric trace.
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TABLE 1
Percent Injected Dose per Gram in Selected Tissue and ROI Data at 4 Hours in the Canine Venous Thrombosis Model (mean =* s.e.)

%ID/g %ID/g Thrombus- Thrombus- Thrombus/ Thrombus/

Compound Thrombus Blood to-Blood to-Muscle Vessel (ROI) Muscle (ROI)
99mTc-P280 0.0059 + 0.0025 0.0012 * 0.0003 44 +0.74 1.0x70 20+0.1 19+ 0.1
99mTe-glucoheptonate 0.0026 + 0.0002 0.0015 + 0.0007 22 +08 43 *+24 1.5+0.0 1.6 = 0.1
9mTc-platelets 0.18 = 0.08 0.037 *+ 0.006 54 +3.2 230.0 = 100.0 1.8+ 06 50+22

From the computer-stored images, thrombus-to-background ra-
tios were determined. Average counts per pixel were computed
from regions-of-interest (ROIs) drawn manually around the areas
of known thrombus (corresponding to the locations of the coils in
the radiographs). Similarly, ROIs were drawn over the contralateral
femoral vein to estimate blood background and ROIs were drawn
over both medial and lateral thigh in the thrombus-containing leg to
estimate muscle background. Thrombus-to-background ratios were
determined by dividing mean counts per pixel for thrombus by
mean counts per pixel for blood or for muscle (average of medial
and lateral ROIs).

Thrombus and Tissue Uptake Determinations

Following the final image each animal was deeply anesthetized
with pentobarbital. Two blood samples were collected by cardiac
puncture using a heparinized syringe followed by a euthanasing
dose of saturated potassium chloride solution administered by
intracardiac or bolus intravenous injection. The femoral vein
containing the thrombus, a similar section of vein of the contralat-
eral (control) leg, and samples of thigh muscle were carefully
dissected out. The thrombus, coil and coil fibers were dissected
free of the vessel. The thrombus, saline-washed vessel samples,
coil and coil dacron fibers were separated, weighed and, along with
known fractions of the injected doses, were counted in a gamma
well counter in the *™Tc channel.

Fresh thrombus weight, percent injected dose (%ID)/g in the
thrombus and blood obtained just prior to euthanasia, %ID in the
coil, excised blood vessels, urine and blood were determined.
Thrombus-to-blood and thrombus-to-muscle ratios were calculated
from %ID/g values.

Biodistribution Studies in Rats and Rabbits

Normal Sprague-Dawley rats were restrained and injected intra-
venously via the lateral tail vein with ™Tc-P280 (40-110 MBq
(1-3 mCi) per kg ®™Tc, 0.04-0.06 mg P280 peptide per kg).
Groups of three animals were killed by cervical dislocation at 5, 30,
60 and 120 min and necropsied. Samples of blood and excised
tissues (rinsed with saline and blotted dry) were weighed and,
along with a known fraction of the injected dose, were counted in
a well-counter photopeaked for ®™Tc. The carcasses were counted
in the dose calibrator using the *™Tc setting.

A group of 15 New Zealand White rabbits (2.6-3.4 kg) were
sedated and injected intravenously via a marginal ear vein with

FIGURE 3. ®*"Tc-P280 canine DVT model imaging study. (A) 13-min image
of hind legs; (B) 1-hr image of hind legs; and (C) 2-hr image of hind legs.
Arrows indicate the location of the thrombogenic coil.
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99mTc-P280 (40-70 MBq (1-2 mCi) per kg ™Tc, 5 ug P280
peptide per kg). Groups of three animals were sacrificed by
overdose of Nembutal at 5, 30, 60, 120 and 240 min and
necropsied. Samples of blood, bile and excised tissues (rinsed with
saline and blotted dry) were weighed and, along with a known
fraction of the injected dose, were counted in a well-counter
photopeaked for *™Tc.

All animal studies were conducted in accordance with NIH
guidelines and under IACUC-approved protocols.

RESULTS
P280 Peptide Trifluoroacetate

The structure of P280 is shown in Figure 1. The purity of the
P280 peptide trifluoroacetate was =90% by HPLC. Amino acid
analysis showed the expected ratios of Gly (12), Asp (2) and
Tyr (2); Apc and Cys were not assayed. Electrospray mass
spectroscopy gave M = 3020, in agreement, within the exper-
imental error of = 1 amu, with the calculated molecular weight
(for C,,H,6;:N360435,0) of 3021.

Technetium-99m-P280

P280 was readily labeled by ligand exchange using *™Tc-
glucoheptonate. Radiochemical yield was routinely =90% with
a specific activity of approximately 60 Ci/mmol P280 Peptide.
Radiochemical purity was =90% by ITLC and HPLC analysis.
An example of an HPLC trace of **™Tc-P280 is shown in
Figure 2. In this system, *™Tc-P280 had a retention time of
11.7 min. Technetium-99m-pertechnetate and *™Tc-glucohep-
tonate eluted within 2 min.

In Vitro Assays
Inhibition of Platelet Aggregation Assay. Inhibition curves

from assays of 6 lots of P280 peptide were constructed. The
concentration of P280 peptide required to inhibit 50% of human
platelet aggregation (ICso) in PRP was 0.079 * 0.017 uM
(mean * s.d. of 6 lots of peptide).

In a comparison of the potency of P280 peptide in inhibiting
the aggregation of dog versus human platelets, IC5,s of 0.20 *
0.11 uM (mean * s.d.; 6 measurements) and 0.056 * 0.011
MM (mean * s.d.; 3 measurements) were measured for dog and
human platelets, respectively. Thus, P280 peptide was 2.5 to 3.5

FIGURE 4. ®*™Tc-glucoheptonate
in the canine DVT model (2-hr im-
age). The arrow indicates the loca-
tion of the thrombogenic coil.
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FIGURE 5. **™Tc-HMPAO-labeled
platelets in the canine DVT model
(2-hr image). The amow indicates
the location of the thrombogenic
coil.

times more potent in inhibiting human platelet aggregation than
in inhibiting dog platelet aggregation.

Inhibition of Binding of Fibrinogen to GPIIb/Illa and Vitro-
nectin to Vnr. P280 inhibited the binding of fibrinogen to a
GPIIb/Ila receptor preparation with an IC5o = 6.8 nM. In
contrast, P280 had an IC5, = 12,900 nM for binding to the
vitronectin receptor, thus showing a 3-log selectivity for the
GPIIb/IIIa receptor over the vitronectin receptor.

In Vivo Results

Thrombus size in this model averaged 89 * 26 mg (mean *
s.e.m.). At approximately 4 hr postinjection, percent of injected
dose (%ID) in the thrombi averaged 0.00022%, with an approx-
imately equal amount (0.00027%) in the (micro-thrombi at-
tached to the) dacron fibers, but with little (0.000032%)
adhering to the coil. Percent ID in the blood (based on 7% of
body weight) at sacrifice was 1.4%. As shown in Table 1,
9mTc-P280 gave 0.0059%ID/g in the thrombi, slightly less
(0.0040 %ID/g) in the vessels which contained the thrombi and
thrombus-to-blood and thrombus-to-muscle ratios of 4.4 and
11. In comparison, **™Tc-glucoheptonate, studied as a negative
control in 2 dogs, gave much lower uptake (0.0026%ID/g) in
the thrombus and lower thrombus-to-blood and thrombus-to-
muscle ratios (2.2 and 4.3, respectively). Technetium-99m-
HMPAO-labeled autologous platelets gave a much higher
%ID/g in thrombi and thrombus-to-muscle, but only a slightly
higher thrombus-to-blood ratio than **™Tc-P280.

An example of images acquired with *™Tc-P280 are shown
in Figure 3. The images were asymmetric (more activity in the
thrombosed vessel) as early as 13 min postinjection, with
improving thrombus definition over the course of the study. For
comparison, images of **™Tc-glucoheptonate and **™Tc-HM-
PAO-platelets are provided as Figures 4 and 5, respectively. As
expected, ™ Tc-glucoheptonate did not image the thrombus.
Technetium-99m-HMPAO platelets gave excellent images of
venous thrombi in this model but, as discussed previously,
radiolabeled platelets have slow pharmacokinetics which de-
tract from their utility as clinical imaging agents.

Blood clearance was determined in three dogs by an ROI
over the heart from frames collected during the dynamic
studies. The results are shown in Figure 6. The blood clearance
of ™Tc-P280 was rapid with apparent first-order kinetics. ROI
analysis also showed that “™Tc-P280 cleared rapidly from the
kidneys and the liver as shown (for one animal) in Figure 7.

The results of the biodistribution studies of **™Tc-P280 in
rats and rabbits confirmed the biodistribution observed qualita-
tively in the dog. The results in rats are shown in Table 2.
Circulating activity decreased rapidly over 2 hr (the fraction of
the dose in the blood, assumed to be 6% of body weight, at 2 hr
was 4% of that at 5 min). The decrease in the recovery of
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FIGURE 6. Heart blood-pool clearance of ®®™Tc-280 in three canine model
studies by ROI analysis.

radioactivity in the carcass and tissues with time provided a
measure of the rapid excretion of the radiotracer (70% cleared
by 2 hr). As there was no substantial gastrointestinal tract
uptake observed at any time, excretion was assumed to be
primarily renal without substantial renal retention.

The results in rabbits are shown in Table 3. Circulating
activity again decreased rapidly over the 4-hr study. Although
activity was present in the bile in the gall bladder, and a small
amount of uptake was observed in the colon, the transit of
activity through the gastrointestinal tract, normally characteris-
tic of hepatobiliary clearance, was not seen. Again the data
showed rapid renal clearance (approximately 70% ID in the
urine by 4 hr) with only a small amount of retention in the
kidneys.

DISCUSSION

Current methods of diagnosing DVT are either invasive
(venography), not accurate in all areas of potential thrombosis
(ultrasonography) or do not provide information in a timely
manner (radiolabeled platelets and antibodies).
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FIGURE 7. Heart blood-pool, liver and kidney clearance of ®®*™Tc-280 in a
canine model study by ROI analysis.
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TABLE 2
Biodistribution of Technetium-99m-P280 in the Rat (mean + s.d.)

5 Min 30 Min 60 Min 120 Min

Organ %ID/g %ID %ID/g %ID %ID/g %ID %ID/g %ID
Blood 3.0+043 37+45 0.70 + 0.17 85*20 0.34 +0.22 44+29 0.14 = 0.038 16 +0.36
Liver 025+0032 2.1+0.060 0.083=*+0.020 0.71*0.20 0.041+0.018 0.37 £ 0.17 0.064 + 0.050 0.50 + 0.43
Kidney 94 +33 19+6.7 2.7 095 55+*21 1.0 £ 057 20141 32x42 7195
Spleen 092 +022 0.56*0.12 0.40 = 0.11 0.29 +0.13 0.11 +0.060 0.066 +0.038 0.083 = 0.032 0.039 = 0.013
Small intestine 2.0+ 048 15+024 18x15 38+10
Large intestine — 1.6 + 0.31 — 0.78 = 0.47 — 0.22 +0.12 — 0.50 + 0.43
Muscle 0.65 + 0.060 —_ 0.39 +0.28 —_ 0.11 = 0.020 — 0.073 = .039 —
Carcass - 56 +4.0 —_ 30 +0.77 —_ 23+ 14 —_ 9.1+42
Recovery —_ 120 £ 13 — 66 + 6.8 — 35+ 21 — 29+ 21

Venous thrombi are fibrin-rich (20), but actively thrombos-
ing venous thrombi also incorporate platelets. Upon binding to
fibrin or the blood vessel wall, platelets become activated. In
this condition the cell surface membrane GPIIb/IIla receptors
either change conformation or their micro-environment changes
(21) and they become available for binding fibrinogen. Fibrin-
ogen binds to the GPIIb/IlIa receptor on activated platelets, but

A number of compounds, predominantly peptides, have been
discovered which bind to the GPIIb/IlIa receptor via the peptide
sequence -Arg-Gly-Asp-(RGD) or a mimetic thereof and inhibit
the binding of fibrinogen (/5,22-30). Fibrinogen is normally
present in plasma at a concentration of 4—10 uM and binds to
isolated GPIIb/IIIa receptors with a K, of approximately 100
nM (10). Small, RGD-containing peptides bind weakly to the

not on unactivated platelets, and cross-links platelets to form or

GPIIb/IIIa recePtor. Thus, Arg-Gly-Asp-Val (RGDV) inhibits

propagate a thrombus (9). the binding of '**I-fibrinogen to platelets with a Ki = 15 uM
TABLE 3
Biodistribution of Technetium-99m-P280 in the Rabbit (mean * s.d.)
5 Min 30 Min 1Hr
Organ %ID/g %ID %ID/g %ID %ID/g %ID
Blood 0.16 + 0.046 29+741 0.071 = 0.008 13*15 0.050 + 0.014 94+18
Liver 0.070 = 0.013 6.1 *x21 0.043 * 0.007 42+1.0 0.030 * 0.011 29+0.24
Kidneys 0.40 = 0.14 51+1.2 0.18 + 0.035 2.7 +0.50 0.13 + 0.048 21 +0.55
Spleen 0.040 * 0.007 — 0.025 * 0.003 —_ 0.020 * 0.005 _
Lungs 0.10 £ 0.018 0.41 + 0.046 0.045 * 0.009 0.51 +0.030 0.030 = 0.015 0.17 = 0.034
Heart 0.070 = 0.015 0.10 = 0.004 0.029 * 0.005 0.11 £ 0.038 0.020 * 0.007 0.070 * 0.003
Gall bladder contents 0.11 + 0.047 —_ 0.083 + 0.040 —_ 0.050 * 0.026
Muscle* —_ 23+57 —_ 15 +35 —_ 8122
Stomach’ —_ 1.4 +0.37 —_ 22*+13 _— 24 +048
Duodenum? —_ 0.39 + 0.017 —_ 0.65 = 0.17 — 0.19 = 0.074
Jejunum? —_ 0.88 + 0.039 —_ 1.0+ 040 - 0.31 +0.15
lieum? —_ 0.64 + 0.028 — 0.49 + 0.11 — 15+ 085
Colont —_ 41 +0.18 —_ 4.2 + 0.59 —_ 6.5 +0.33
Urinary bladder’ — 0.54 + 0.024 — 11+15 — 23+22
Recovery _ 72 + 16 —_ 51+12 —_ 56 +18
2 Hr 4 Hr
Organ %ID/g %ID %ID/g %ID

Blood 0.040 + 0.010 62+15 0.030 = 0.010 57*22

Liver 0.030 + 0.009 24 +0.64 0.030 + 0.008 24 +0.82

Kidneys 0.070 = 0.050 1.1 +0.10 0.090 + 0.030 1.5 +0.59

Spleen 0.010 + 0.003 -_ 0.10 + 0.003 _

Lungs 0.030 * 0.004 — 0.020 * 0.006 0.14 = 0.057

Heart 0.020 * 0.003 - 0.010 = 0.004 0.010 = 0.005

Gall bladder contents 0.17 = 0.098 _ 0.14 = 0.057 —

Muscle* —_ 57+24 —_ 63 +34

Stomacht —_ 35*18 — 1.2+ 040

Duodenum? - 0.17 £ 0.045 — 0.45+ 0.26

Jejunum? — 0.24 + 0.043 —_ 0.88 *+ 0.46

lleum? - 0.47 = 0.23 - 26+29

Colon® _ 6423 - 6.7 1.9

Urinary bladder® _ 42 *+17 —_ 37 x24

Recovery —_ 68 = 16 — 65 + 24
*Assumed to be 44% of body weight.
Tincluding contents.
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and inhibits the ADP-induced aggregation of platelets in plate-
let-rich plasma (which results from the binding of fibrinogen to
the GPIIb/IIla receptors on the activated platelets and conse-
quent platelet aggregation) with an ICs, of 130 uM (22,24). A
series of large oligopeptides (50 to 70 amino acid residue)
derived from snake venoms, known as the disintegrins, bind to
the GPIIb/IIla receptor with much higher affinity. Thus kistrin
and echistatin inhibit platelet aggregation in PRP with ICsgs of
150 and 80 nM, respectively, approximately 3 logs more potent
than RGDV (27,31). The reason for the difference in potency is
believed to be a result of the conformational constraint of the
RGD sequence in the disintegrins (32). A number of small,
synthetic peptides and peptidomimetic compounds have been
prepared in which the RGD sequence or a RGD-mimetic
sequence is conformationally constrained and which also bind
with high affinity to the GPIIb/Illa receptor and are extremely
potent in inhibiting the aggregation of platelets in PRP
(16,23,28,30).

Peptide P280 was designed to incorporate the RGD-mimetic
sequence -Apc-Gly-Asp in a conformationally constrained cy-
clic sulfide. The synthetic amino acid Apc, S-aminopropyl-L-
cysteine, is an arginine surrogate which not only replaces
arginine in the receptor-binding sequence, but confers addi-
tional selectivity on the molecule. Thus, P280 peptide has an
ICs, of 6.8 nM for inhibition of binding of fibrinogen to
GPIIb/IIIa and an IC,, of 12,900 nM for inhibition of binding
of vitronectin to the vitronectin receptor, showing a 3-log
selectivity for the GPIIb/Illa receptor over the vitronectin
receptor. In contrast, peptide G-4120 (Figure 8), which contains
a cyclic structure similar to that in P280 but contains arginine in
place of Apc, has approximately equivalent ICs4s of 8.3 nM and
21 nM in the two assays (15). Thus, **™Tc-P280 would be
expected to have a higher selectivity in vivo for the GPIIb/IIla
receptor of activated platelets over other integrin receptors than
would RGD-containing peptides. This receptor-selectivity is
important for specificity of binding to and imaging activated
platelets. For example the vitronectin receptor is present on
platelets, endothelial cells, smooth muscle cells and macro-
phages (32), does not require platelet activation to bind ligands
and therefore would represent a potential site of non-thrombus
localization for a ligand that was not GPIIb/Illa receptor-
specific.

Furthermore P280 peptide inhibits the aggregation of human
platelets in platelet rich plasma with an ICs, of 79 nM. This is
of the order of potency of the snake venom peptide echistatin
[ICso = 80 nM (25)] which is one of the most potent known
naturally-occurring fibrinogen antagonists. Thus P280 peptide
has both high affinity and high selectivity for the GPIIb/Illa
receptor. This is in contrast to peptides previously investigated
for thrombus imaging which were considerably less potent
[PAC-8 had an ICs, of 12,000 nM for inhibition of human
platelet aggregation in PRP (12)].
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The results of studies of **™Tc-P280 in a canine model of
DVT confirmed the expectations from the in vitro results,
providing in vivo visualization of thrombi and good thrombus-
to-blood and thrombus-to-muscle ratios. It is noted that since
P280 peptide showed greater potency in inhibiting the aggre-
gation of human versus dog platelets, the performance of
°mTc-P280 in localizing to and imaging thrombi in humans
would be expected to be even better than observed in the dog
model. In addition, the fast plasma clearance and predominantly
renal excretion of *™Tc-P280 are pharmacokinetic character-
istics favorable for the rapid delineation of thrombi in vivo
without interfering background activity and for low absorbed
radiation dose.

In fact the predictions from these preclinical studies have
been upheld in initial clinical studies in which **™Tc-P280 has
provided excellent images of DVT within 2 hr of injection
(33,34).

CONCLUSION

The combination of high in vitro receptor-binding affinity, in
vivo thrombus definition and fast clearance indicate that *™Tc-
P280 warrants further clinical evaluation as a thrombus imaging
agent.
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Influence of Downscatter in Simultaneously Acquired
Thallium-201/Technetium-99m-PYP SPECT
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and Toshiaki Ashihara

Division of Cardiology, Matsuyama Red Cross Hospital, Matsuyama, Ehime, Japan

Simultaneously acquired dual-isotope imaging is a unique and
useful approach in SPECT. Photon spillover, however, is a potential
limitation of this technique. Methods: To investigate the degree of
99mTc downscatter into the 2°'Tl window in patients, simultaneously
acquired dual-isotope 2°' T/*®*™Tc-pyrophosphate imaging was per-
formed in 17 patients with acute myocardial infarction (Mi). Thallium-
201 SPECT imagirztg was performed first, with a 2°'T photopeak
window after the 2°'T1 injection (early 2°'T1 images), followed by
99™T¢ injection and SPECT acquisition using dual-isotope windows
(dual 2°'T1 images). Twenty-four hours after the ®™Tc injection, a
third set of 2°'Tl images was obtained (24-hr 2°'Tl images). Thallium
defect size (extent score) and defect severity (severity score) were
calculated from these three sets of 2°'Tl images to quantify the MI.
Results: Technetium-99m accumulation of varying intensity was
recognized in all patients. Extent scores and severity scores were
identical in early 2°'Tl images and 24-hr 2°'Tl images. Both scores,
however, in the dual 2°'Tl images were decreased by 36% and
53%, respectively. Conclusion: There is a considerable **™Tc
downscatter into the 2°'Tl window, which prevents precise quanti-
fication of Ml in simultaneously acquired dual-isotope 2°'TV/#*™Tc-
pyrophosphate imaging.

Key Words: SPECT; simultaneous dual-isotope imaging; thallium-
201; technetium-99m-pyrophosphate
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INFLUENCE OF DOWNSCATTER IN DuaL-IsotorE SPECT « Ando et al.

The advent of new radiopharmaceuticals such as **™Tc myo-
cardial perfusion imaging agents and '?’I-labeled compounds
has provoked interest in simultaneously acquired dual-isotope
imaging. This technique is advantageous because it can shorten
the total acquisition time and reduce errors induced by image
misalignment. In spite of these advantages, dual-isotope ap-
proaches could potentially cause images derived from the
energy window of one radioisotope to be contaminated by
spillover from the other tracer (downscatter). Analytical data
regarding this downscatter in a clinical setting is limited (/).
Yet simultaneous 2°'T1°°™Tc-pyrophosphate dual-isotope
SPECT has been commonly used in patients with acute myo-
cardial infarction (MI) for diagnosing the location and size of
infarctions without any downscatter correction.

Since 2°'Tl-chloride concentrates in normally perfused myo-
cardium and ®*™Tc-pyrophosphate concentrates in infarct
zones, it might have been predicted that downscatter would not
present a problem for this particular usage. The purpose of this
study is to quantify the degree of the influence of **™Tc
downscatter on 2°'Tl images in simultaneously acquired
20T)/#*™Tc-pyrophosphate dual-isotope SPECT imaging in
patients with acute myocardial infarction (MI).

MATERIALS AND METHODS
Patients
Thirty-two patients with acute MI who had been referred to our

hospital between March 1991 and March 1992 were enrolled into
this study. The patients with transmural MI were defined by the
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