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Abstract

The pharmacodynamics of intravenous bolus injections of 0.05,
0.10, 0.15, and 0.20 mg/kg of F(ab')2 fragments of the murine
monoclonal antibody 7E3, 7E3-F(ab')2, directed against the
glycoprotein Ilb/Illa (GPIIb/IIIa) receptor of human plate-
lets, were studied in groups of four patients with unstable an-
gina pectoris. With 0.20 mg/kg, the template bleeding time
prolonged from 6.3±1.9 (mean±SD) to > 30 min; it subse-
quently decreased to 13±7.8 min after 12 h and to 8.3±1.5 min
after 24 h. The number of unblocked GPIIb/IIIa receptors
(preinfusion value, 32,000±3,000 per platelet) decreased to
13±7% of the preinfusion value 1 h after infusion, and then
increased to 33±10% at 12 h, 44±8% at 24 h and 67±7% at 72
h. The logarithm of the bleeding time was inversely propor-
tional with the residual GPIIb/IIIa receptors (r = 0.73, P
< 0.0001). ADP-induced platelet aggregation (measured by
changes in light transmittance in percent) decreased from
60±5% before infusion to 1.5±3% 1 h after infusion; it then
increased to 29±3% after 24 h and 39±6% after 72 h. Platelet
counts decreased by 16% at 1 h and returned to control values
within 24 h. Proportionally smaller effects were seen at lower
doses of 7E3-F(ab')2. Antibody injection did not induce sponta-
neous bleeding. Angina was not observed during the first 12 h
when the bleeding time was significantly prolonged, but oc-
curred in 6 of the 16 patients within the next 3 d. 2 of the 16
patients developed low titers of IgG antibodies specific for
7E3-F(ab')2. Thus 7E3-F(ab')2 induces dose-related inhibition
of platelet function; at a dose of 0.20 mg/kg, it causes profound
inhibition of platelet aggregation and prolongation of the
bleeding time, but no spontaneous bleeding. (J. Clin. Invest.
1990. 86:651-659.) Key words: anti-platelet glycoprotein I1b/
II1a antibody - coronary artery thrombosis * bleeding time-
platelet aggregation inhibition - ischemic heart disease

Introduction

Platelet thrombus formation is thought to contribute to the
vaso-occlusive and thromboembolic disorders in the coronary
and cerebral arteries that collectively constitute the most com-
mon cause of death in the United States (1). Aspirin, the most
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frequently used antiplatelet agent, has shown some efficacy in
treating and preventing these disorders (2), raising the possibil-
ity that more potent inhibitors of platelet function may be
more beneficial. Recent advances in the understanding of
platelet physiology have identified a unique role for the plate-
let glycoprotein Ilb/Illa (GPIIb/IIIa)' receptor in mediating
platelet aggregation (3, 4), which most likely contributes to
vaso-occlusive and thromboembolic phenomena. Therefore,
we and others have been studying the potential of monoclonal
antibodies to this receptor as therapeutic agents.

The F(ab')2 fragment of the murine monoclonal antibody
7E3, 7E3-F(ab')2, is more potent than aspirin in inhibiting
platelet aggregation ex vivo and platelet thrombus formation
in vivo in experimental models designed to simulate unstable
angina and transient ischemic attacks (5-7). It can also reduce
both the time to reperfusion and the dose of recombinant
tissue-type plasminogen activator needed to achieve reperfu-
sion in dog models of acute myocardial infarction (8, 9), and
protect against acute reocclusion (8-10). Other preliminary
evidence indicates that the antibody can also prevent both
experimental coronary artery thrombosis (11) and acute reoc-
clusion after experimental coronary artery angioplasty-in-
duced injury (12). These data, together with toxicological stud-
ies in primates that did not identify serious acute toxicity
(13-15), encouraged us to embark on a more extensive Phase I
study in patients with unstable angina. Wenow report on the
pharmacodynamics of increasing doses of 7E3-F(ab')2 in this
patient population.

Methods

Patients. 16 patients aged 38-73 yr with unstable angina were studied.
Diagnostic criteria were angina at rest for < 30 min in duration during
the last 6 d before entry into the study and confirmation that the pain
was of cardiac origin with electrocardiographic changes (ST segment
elevations or depression, or T wave pseudonormalization or inversion)
and angiographic evidence of at least 50% diameter stenosis in the
ischemia-related artery. Patients with angiographically demonstrable
intraluminal filling defects were considered candidates for rt-PA ther-
apy (16) and so were not included in this study. Patients were excluded
from participation if they had (a) high-grade stenosis supplying two
myocardial zones that were inaccessible to angioplasty, (b) left main
coronary disease with > 50% diameter stenosis, (c) a history of a hem-
orrhagic diathesis, (d) systolic blood pressure > 160 mmHg or dia-
stolic pressure > 90 mmHg, (e) surgery within 8 wk of enrollment, (f)
a recent arterial puncture in a noncompressible site, (g) diabetes mel-
litus for more than 5 yr, (h) prior exposure to a murine monoclonal

1. Abbreviations used in this paper: GPIIb/IIIa, glycoprotein Ilb/II1a;
HAMA, human anti-mouse IgG antibodies; 7E3, murine monoclonal
antibody directed against the human glycoprotein Ilb/II1a platelet re-

ceptor.
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antibody, or (i) abnormal baseline blood counts, blood chemistry mea-
surements, or coagulation assays. The patients were given standard
antianginal therapy including fl-adrenergic receptor blocking agents,
intravenous nitroglycerin, and calcium antagonists, but were not
treated with antiplatelet agents or heparin. The protocol was approved
by the Institutional Review Board of the Massachusetts General Hospi-
tal and conducted under the Investigational New Drug procedures
established by the Food and Drug Administration.

F(ab')2 fragment of monoclonal anti-platelet GPIIb/IIIa antibody
7E3. The F(ab)2 fragment of the 7E3 antibody was prepared by Cen-
tocor, Inc. (Malvern, PA). After the enzymatic digestion of the cell
culture-derived 7E3 IgGl antibody with pepsin, the F(ab')2 fragment
was extensively purified to ensure the absence of residual IgG or Fc
fragments employing modifications of previously published methods
(6, 7, 10). The final F(ab')2 concentrate was supplied as a sterile 2
mg/ml solution in 0.01 Msodium phosphate, 0.15 Msodium chloride,
pH 7.2, and conformed to the Food and Drug Administration's guide-
lines for a biopharmaceutical product under the rules governing inves-
tigational new drugs.

Study protocol. Between 24 and 36 h before study admission, coro-
nary angiography was performed to establish eligibility. A baseline
bleeding time was obtained and blood samples were drawn into the
following: 0.013 MEDTA final concentration for blood counts; 0.01
vol 40% trisodium citrate for platelet aggregation, the antibody binding
assay, fibrinogen determination, prothrombin time, and activated
partial thromboplastin time; a combination of thrombin and trasylol
for determining fibrin(ogen) degradation products; and a glass tube to
prepare serum for determination of IgG antibodies to 7E3-F(ab')2.
Antibody at doses of 0.05, 0.10, 0.15, or 0.20 mg/kg was then infused
through an intravenous catheter over a 5-min period in four sequential
groups of four patients. Blood samples were obtained 1, 12, 24, 48, and
72 h after the infusion for repeat assays. Bleeding times were repeated
at the same time points up to 24 h or until the bleeding time returned
to the normal range. Repeat serum samples were obtained at 2, 4, and
6 wk to test for anti-7E3-F(ab')2 IgG antibodies.

Bleeding times were performed with a spring-loaded device (Surgi-
cutt, International Technidyne Corp., Edison, NJ) designed to produce
a 5 X 1-mm incision. A blood pressure cuff was inflated to 40 mmHg
before making the incision and maintained at this pressure through-
out. Blood coming from the wound, but not the wound itself, was
blotted with filter paper every 30 s until the wound was completely dry.
If the bleeding did not stop within 30 min, the test was terminated and
the result recorded as > 30 min.

The binding of '251I-7E3 to platelets was measured by incubating 0.2
ml of the citrated platelet-rich plasma at 3.0±0.1 X 108 platelets/ml
with 20 ,l of '251-labeled 7E3 at a final concentration of 20 jig/ml,
which was previously shown to be a near-saturating dose (5). After 55
min at 22°C, duplicate 0.1-ml aliquots of the samples were layered
over 0.1 ml of 30% sucrose contained in 400-,ul microcentrifuge tubes
and centrifuged at 12,000 g for 5 min at 22°C. The radioactivity in
both the platelet pellet and the supernatant fluid was then determined
and the total number of molecules of '251-7E3 bound was calculated
from the antibody added, the percentage of radioactivity in the pellet,
and the platelet count. The number of GPIIb/IIIa receptors blocked by
in vivo infusion of unlabeled 7E3-F(ab')2 was defined as the reduction
in the number of '251I-7E3 molecules that could bind per platelet after
the infusion.

The percentage of injected antibody that became bound to platelets
at 1 h was calculated by first multiplying the blood volume (estimated
at 72 ml/kg) by the platelet count (per milliliter of blood) in the prein-
fusion sample, the number of GPIIb/IIIa receptors per platelet in the
preinfusion sample, the percentage of GPIIb/IIIa receptors blocked at
1 h, and the factor 1.5 (to correct for splenic pooling of one third of the
platelets) (17); the resulting product was then divided by the number of
molecules of 7E3-F(ab')2 injected per kilogram.

Platelet aggregation was performed on citrated platelet-rich plasma
adjusted to 3 X 108 platelets/ml using a dual-channel aggregometer
(Chrono-Log Corp., Havertown, PA). ADP (Sigma Diagnostic Re-

agent, Sigma Chemical Co., St. Louis, MO; 100 MMstock solution in
water) was tested against the preinfusion samples at final concentra-
tions of 1.1-3.8 ALM to establish the minimal dose giving a full aggre-
gation response. This concentration was then used for all subsequent
samples. Collagen (Sigma Diagnostic Reagent, 2 mg/ml stock solution
in water) was used at a final concentration of 22 Mg/ml for all but one of
the patients (no. I-1), who responded poorly to this dose, but re-
sponded well to 85 tug/ml. Ristocetin (Sigma Diagnostic Reagent, 15
mg/ml stock solution in water) was employed at 1.5 mg/ml final con-
centration for all samples. An attempt was made to maintain the pH of
the platelet-rich plasma within the range 7.7-8.0 by carefully capping
the samples, and 82%of the samples fell within this range. Quantitative
analysis of aggregation induced by ADP, collagen, and ristocetin was
performed by measuring the maximum change in light transmission
(t) after adding the agonist; the results were compared to the value
obtained with the preinfusion sample and expressed as a percent of the
control value (ATin percent). A similar analysis was performed for the
slope of ADP-induced platelet aggregation.

Human anti-mouse IgG antibodies (HAMA) in the serum of pa-
tients given the 7E3 F(ab')2 were assessed at Centocor, Inc. as follows.
Microtiter plates (polystyrene, Corning Glass Works, Corning, New
York) were coated for 16-20 h at 4VC with 10 tug/ml (0.5 jug/well) 7E3
F(ab')2 in 0.1 Mglycine, 5 mMEDTA, pH 8.5. Plates were washed with
phosphate-buffered saline (PBS) containing 0.5% Tween-20 and 0.1%
chloroacetamide, pH 7.2, blocked by incubation for 1 h at 370C with
PBScontaining 1%bovine serum albumin (BSA, Sigma Chemical Co.,
Fraction V powder), and washed again with the PBS-Tween buffer.
Humanserum samples were diluted 1:20 in 0.1 MTris, 0.15 Msodium
chloride, pH 7.5, containing 45% goat serum, 30% calf serum, and
0.1% sodium azide. Triplicate 50-Mul aliquots of the diluted test sera, or
of positive or negative control sera, were incubated in the microtiter
wells at 45°C for 1 h. After washing with the PBS-Tween buffer, 50 ul
of horseradish peroxidase-conjugated goat anti-human IgG (Jackson
ImmunoResearch Laboratories, West Grove, PA), diluted 1:100,000
in PBScontaining 50% fetal calf serum, 1%goat serum, 0.0 1%thimer-
osal, and 0.0 1% chloramphenicol, was added to the wells and incu-
bated for 1 h at 45°C. The plates were washed with PBS-Tween buffer
and 200 Ml of 3 mg/ml O-phenylenediamine (Sigma Chemical Co., St.
Louis, MO) in 0.05 Msodium phosphate, 0.025 Msodium citrate,
0.03% hydrogen peroxide, 0.1% chloroacetamide, pH 4.8, was added
to the wells. After incubation for 30 min at room temperature, the
reaction was terminated by addition of 50 ,ul of 4 Msulfuric acid and
the resultant color was reported as the difference in absorbance at 490
and 650 nm on an enzyme immunoassay plate spectrophotometer
(Vma. kinetic microplate reader, Molecular Devices, Palo Alto, CA).

A sample was considered to be reactive in the assay if it yielded an
absorbance reading > 0.30 optical density (OD) units. The 0.30 OD
cutoff was determined from a statistical analysis of the distribution of
normal human sera (n = 181) under these specific assay conditions. All
reactive samples were tested for reproducibility and to ensure a lack of
reactivity on non-7E3-coated, BSA-blocked, microtiter plates. Confir-
mation as a positive response was established by inhibition experi-
ments in which the HAMA-positive samples were preincubated (1 h,
45°C) with fluid-phase 7E3 F(ab')2 (0.1 mg/kg). Neutralization of sam-
ple reactivity in the presence of fluid-phase 7E3 is a requirement for
consideration as a positive HAMAresponse. Inhibition experiments
were also conducted with 0.1 mg/ml normal, intact mouse IgG (Jack-
son ImmunoResearch Laboratories) to further assess the specificity of
the immune reaction.

Samples determined to be positive for HAMAwere serially diluted
to establish the maximum serum dilution (titer) which yielded an
optical density value > 0.30. A sample was considered negative (titer
< 1:20) if it yielded an OD< 0.30 at the 1:20 dilution.

Fibrinogen was assayed by a chronometric thrombin clotting assay
(18) and fibrin(ogen) degradation products by a commercial latex ag-
glutination assay (Thrombo-Wellco test,Wellcome Diagnostics, Dart-
ford, England).

Statistical analysis. The data are expressed as mean±SD unless
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indicated otherwise. Differences between groups were analyzed by
Student's t test for paired or unpaired values and P values > 0.05 were
considered not to be significant. The correlation between bleeding
time, percent residual GPIIb/IIIa receptors, dose of 7E3-F(ab)2, and
AT of ADP-induced platelet aggregation was analyzed by stepwise
multiple linear regression (RS/l Program, BBN Software Products
Corp., Cambridge, MA), based on data obtained 1, 12, and 24 h after
7E3-F(ab)2 injection.

Results

Acute adverse reactions. None of the 16 patients demonstrated
changes in vital signs during or after antibody administration.
One patient (no. 1-2), given the lowest dose of 7E3-F(ab)2, had
an episode of bleeding from hemorrhoids on day 5, which was
most likely unrelated to the 7E3-F(ab')2 infusion. No other side
effects were observed.

Bleeding times. There was a dose-dependent increase in
bleeding times at I h, with all four patients treated with 0.20
mg/kg having bleeding times in excess of 30 min (Table I).
With the 0.15 mg/kg dose, all of the patients developed bleed-
ing time prolongations (from 6.8±2.2 to 16±9.2 min), but
only one time was > 30 min. The lower doses did not produce
significant prolongations. By 12 h the bleeding times reverted
back toward normal, and by 24 h, only one patient (no. 111-2)
had a bleeding time in excess of 10 min.

Platelet counts and GPIIb/IIIa receptor blockade. Changes

Table I. Template Bleeding Times after 7E3-F(ab)2 Injection

Time after injection of 7E3-F(ab')2

h
Patient Patient
group Dose number Control 1 12 24

mg/kg min

I 0.05 1 7.5 8.0 14.0 5.0
2 9.0 8.0 3.5 7.0
3 4.5 5.5 3.0 5.0
4 7.0 8.0 8.0 8.0

Mean±SD 7.0±1.9 7.4±1.3 7.1±5.1 6.3±1.5

II 0.10 1 4.5 6.0 5.0 5.0
2 6.0 8.0 6.5 4.5
3 5.0 8.0 7.5 5.5
4 6.0 6.0 6.5 7.0

Mean±SD 5.4±0.8 7.0±1.2 6.4±1.0 5.5±1.1

III 0.15 1 9.5 13.5 >30 9.5
2 7.5 >30 10.5 15.0
3 5.0 10.0 8.5 6.5
4 5.0 12.0 6.5 7.5

Mean±SD 6.8±2.2 16±9.2* 14±11* 9.6±3.8

IV 0.20 1 9.0 >30 24.0 9.0
2 5.5 >30 6.0 7.0
3 4.5 >30 10.0 7.0
4 6.0 >30 10.5 10.0

Mean±SD 6.3±1.9 >30 13±7.8 8.3±1.5

* Bleeding times > 30 min are given a 30-min value for calculation
of mean±SD.

in platelet counts are summarized in Table II. At 1 h there was
a modest decrease in platelet count, with the highest dose (0.20
mg/kg) producing a 16±10% (mean±SD) reduction. The
platelet counts returned toward normal over the first 24 h with
one exception, a patient given 0.1 mg/kg (no. 11-4) whose
platelet count decreased from 2.4 X 108/ml preinfusion to 0.94
X 108/ml at 12 h and then increased to 1.5 X 108/ml at 48 h
and 1.9 X 108/ml at 72 h. The percentage of GPIIb/IIIa recep-
tors blocked by the infusion of 7E3-F(ab')2 also demonstrated a
dose-response pattern with the highest dose (0.20 mg/kg) pro-
ducing 87±7% blockade at 1 h (Table III). Thus, in this group,
the number of unoccupied GPIIb/IIIa receptors per platelet
decreased from 32,000±3,000 to 4,300±2,500 at this time
point. Thereafter, there was a return toward the original num-
ber of unblocked receptors, with 23,000±5,000 unblocked re-
ceptors present at 72 h. The time course of the return of unoc-
cupied GPIIb/IIIa receptors after injection of 7E3-F(ab')2 is
illustrated in Fig. 1.

The percentage of injected antibody bound to circulating
platelets, calculated as described in Methods amounted to
76±25, 97±17, 70±21, and 62±8% in groups I-IV, respec-
tively. This calculation relies on the assumption that intra-
splenic platelets are coated with 7E3-F(ab')2 to the same extent
as circulating platelets. As expected, the percentage bound de-
creased at the higher doses, but even at 0.20 mg/kg, a dose that
produced nearly quantitative blockade of the GPIIb/IIIa re-
ceptors, the mean value was > 60%. Even if the intrasplenic
pool is excluded from the analysis, > 40% of the injected anti-
body bound to the circulating platelets. Three patients had
values in excess of 100%. One possible explanation for this
might be an overestimate of the splenic component owing to
obesity, since in obese individuals the percentage of platelets in
the spleen is likely to be smaller than in thin individuals. In
fact, the patient with the highest value (120%) weighed 106 kg.

Platelet aggregation. In general, there was a dose-depen-
dent increase in inhibition of platelet aggregation induced by
both ADPand collagen, with much less, or no inhibition of
ristocetin-induced aggregation (Table IV and Fig. 2). All five
patients whose bleeding times rose to > 30 min at the 1-h time
point had marked or total inhibition of platelet aggregation in
response to both ADPand collagen, but only minor changes in
ristocetin-induced aggregation, indicating that despite high-
grade GPIIb/IIIa receptor blockade, the GPIb receptor re-
mained available for binding of von Willebrand factor. The
inhibition of ADP- and collagen-induced aggregation returned
toward normal over 48-72 h, but some remaining inhibition
was apparent, even at these time points (Fig. 2).

There was a correlation between inhibition of ADP-in-
duced platelet aggregation and the percentage of GP lIb/IIIa
receptors blocked. There were, however, some anomalous re-

sults that require additional comment. Patient I- 1 given a dose
of 0.05 mg/kg, resulting in a 28% decrease in GPIIb/IIIa re-

ceptors and no prolongation of the bleeding time, had a mark-
edly reduced platelet aggregation by all of the agents, including
ristocetin. Technical problems probably accounted for the ap-
parent decrease in aggregation responses. One patient given
0.05 mg/kg (1-3) had a decrease in ADP-induced platelet ag-
gregation that was greater than expected on the basis of
GPIIb/IIIa receptor blockade and changes in bleeding time.
Wesuspect that this patient may have had a transient increase
in platelet sensitivity at the beginning of the study, as has been
reported for some patients with unstable angina, because the
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Table II. Platelet Counts after 7E3-F(ab)2 Injection

Time after injection of 7E3-F(ab')2

hPatient Patient
group Dose number Baseline 1 12 24 72

mg/kg 108/ml

I 0.05 1 1.4 1.4 1.4 1.5 1.4
2 1.7 1.7 1.8 1.6 2.0
3 2.5 2.7 3.0
4 1.7 1.5 1.6 1.5 1.7

Mean±SD 1.8±0.5 1.5±0.2 1.9±0.6 1.9±0.7 1.7±0.3

II 0.10 1 2.8 2.6 2.8 3.2
2 3.5 2.8 3.0 3.0 3.3
3 2.0 1.7 1.5
4 2.4 1.8 0.94 0.97 1.9

Mean±SD 2.7±0.6 2.3±0.7 2.2±1 .1 2.1±1.0 2.5±0.9

III 0.15 1 3.5 2.9 3.1 3.1 3.2
2 1.5 1.6 1.5 1.6 1.8
3 1.9 1.2 1.6 1.8
4 4.5 4.5 4.5 3.7 4.5

Mean±SD 2.9±1.4 2.6±1.5 2.7±1.4 2.8±1. 1 2.8±1.3

IV 0.20 1 2.0 1.6 1.8 1.8 2.0
2 2.9 2.1 2.5 2.7 2.5
3 2.1 1.7 1.6 2.0 1.7
4 2.9 2.8 2.8 2.6

Mean±SD 2.5±0.5 2.1±0.5 2.2±0.6 2.3±0.4 2.1±0.4

patient required the lowest dose of ADP to achieve aggrega-
tion. Loss of this unusual sensitivity could then have resulted
in an apparent inhibition of platelet aggregation by the anti-
body. In support of this, the "inhibition" in this patient did not
return to normal, even after 24 h. The inhibition of aggrega-
tion produced by 0.1 mg/kg in patient 11-2 at 1 h (68%) also
appeared to be out of proportion to the percentage of GPIIb/
IIIa receptors blocked (31%), but the reason for this was not
clear.

Correlation between GPIIb/IIIa receptor blockade and
platelet function parameters. Stepwise multiple linear regres-
sion analysis of the correlation between bleeding time (BT),
percent residual GPIIb/IIIa receptors (% GPIIb/IIIa), dose of
7E3-F(ab)2, and A T yielded the following equation: log (BT)
= 1.4-0.0078 (% GPIIb/IIIa) with r = 0.73, P < 0.0001. This
indicates that bleeding time prolongation is primarily deter-
mined by the residual GPIIb/IIIa receptor density, as illus-
trated in Fig. 3. In addition, a more complex relationship was
observed between percent residual GPIIb/IIIa, and platelet
function parameters and bleeding time: log (% GPIIb/IIIa)
= 1.1 - 1.6 (dose) - 0.005 (slope) -0.22 log (BT) + 0.11 log
(AT) + 0.68 log (slope) with r = 0.95.

Prolongation of the bleeding time to > 15 min required
reduction of the unblocked GPIIb/IIIa receptors to < 10,000
per platelet (7/8 values), whereas substantial inhibition of
platelet aggregation occurred when the number of free GPIIb/
IlIa receptors was < 20,000 per platelet (Tables I-IV).

Effect of 7E3-F(ab)2 on angina pectoris. 10 of the 16 pa-

tients were free of pain for the 24-h period before the antibody
infusion and for at least 72 h thereafter. Three patients (nos.
11-2, 11-4, and IV-2) had chest pain during the 24 h before the
infusion. All three were free of pain during the 12 h period
immediately after infusion. Pain returned in patient IV-2 after
23 h. The bleeding time in this patient was > 30 min at 1 h, 6
min at 12 h, and 7 min at 24 h, and the number of unblocked
GPIIb/IIIa receptors was 35,000 before antibody injection,
8,200 at 1 h, 15,000 at 12 h, and 17,000 at 24 h. Patients 11-2
and 11-4 had return of pain between 24 and 72 h; neither had a
prolonged bleeding time or inhibition of platelet aggregation
induced by ADPor collagen at those time points. Three pa-
tients (nos. I- 1, III- 1, and IV-3) did not have chest pain for the
24-h time period before infusion, but developed chest pain
after the infusion. The onset of pain occurred at 12 h in patient
11-1 and after 24 h in patient III-1; neither had a prolonged
bleeding time when the pain occurred. Patient IV-3, who sus-
tained chest pain 11 h after the infusion, had a 1-h bleeding
time of> 30 min, but at 12 h this had decreased to 10 min, and
at 24 h it was 7 min (Table I). The number of unblocked
GPIIb/IIIa receptors per platelet in this patient was 33,000
before injection of antibodies, 3,500 at 1 h, 13,000 at 12 h, and
17,000 at 24 h.

IgG antibodies against 7E3-F(ab')2. The preinfusion serum
sample from one of the 16 patients (no. IV-2) gave an elevated
value in the ELISA assay (OD = 0.82). This response appeared
to be specific for 7E3-F(ab)2 because it could be reduced by
> 90%when the assay was performed in the presence of fluid-
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Table III. Residual Unblocked GPIIb/IIIa Receptors per Platelet after 7E3-F(ab)2 Injection

Time after 7E3-F(ab')2 injection
Preinfusion
GPIIb/IHla h

Patient Patient receptors
group Dose number per platelet 1 12 24 72

mg/kg x10-3 %

I 0.05 1 46 72 53 99 100
2 39 54 83 86
3 38 85 92 100
4 52 76 76 85 86

Mean±SD 43±7 72±13 76±17 93±8 93±7

II 0.10 1 43 60 76 75 89
2 41 69 61 64
3 58 44 66 63
4 43 44 54 58 72

Mean±SD 46±8 54±12 64±9 65±7 81±12

III 0.15 1 44 54 67 70 76
2 37 15 4 47 71
3 38 46 60 64 -
4 30 44 59 65 72

Mean±SD 37±6 40±17 48±29 62±10 73±3

IV 0.20 1 33 9 21 33
2 35 23 44 49 62
3 33 10 37 51 72
4 28 10 30 42 55

Mean±SD 32±3 13±7 33±10 44±8 63±9

phase 7E3-F(ab)2 but not when the assay was performed in the
presence of normal, intact mouse IgG. There were no obvious
differences in this patient's response to the 7E3-F(ab32 infu-
sion with regard to changes in platelet count (28% decrease at 1
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Figure 1. Time course of the return of unoccupied GPIIb/IIIa recep-
tor after injection of 7E3-F(ab')2. (.) 0.05 mg/kg; (A) 0.1 mg/kg; (v)
0.15 mg/kg; (i) 0.2 mg/kg; [(v)] the SDfor this value is 29%.

h, 14% decrease at 12 h, 7%decrease at 24 h) or bleeding time
prolongation. This patient did not show any evidence of an
anamnestic response in the 7E3-F(ab')2 infusion, with repeat
assays at 14, 28, and 42 d after the infusion having titers of
1:160 (OD = 0.84), 1:160 (OD = 0.75), and 1:160 (OD
= 0.57), in the enzyme immunoassay, respectively.

Of the remaining 15 patients, 13 had no increase in HAMA
assay reactivity on repeat testing, with all but one patient hav-
ing samples obtained on at least two occasions sometime be-
tween 2 and 7 wk postinfusion. The remaining two patients
(nos. III-2 and 111-3), both of whom received a dose of 0.15
mg/kg, developed detectable HAMAtiters after 7E3-F(ab)2
infusion. Patient III-2, whose control value at the 1:20 dilution
was OD= 0.024, was tested at 2 wk (OD = 1.5, titer = 1:320),
4 wk (OD = 1.5, titer = 1:160), and 6 wk (OD = 0.84, titer
= 1:160). Patient III-3, whose preinfusion value was OD
= 0.042, was only available for blood sampling after 4 wk, and
the assay on that sample yielded an OD= 0.86 (titer = 1:320).

Hematological assays. The fibrinogen concentrations in 13
patients tested before and 24 h after 7E3-F(ab')2 injection
showed only modest variations. Thus, there was a < 10% dif-
ference between the control value and the 24-h value in eight
of the patients, including five of the seven patients given 0.15
and 0.20 mg/kg. Four of the remaining patients in this group
had an increase of < 35 percent and the other had a 35%
decrease in fibrinogen level. The fibrin(ogen) degradation
product titers were either 1:2 or 1:4 for all of the patients both
in the preinfusion sample and the 24-h sample (data not
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Table IV. Platelet Aggregation after 7E3-F(ab)2 Injection

ADP-induced platelet aggregation Collagen Ristocetin

AT AT AT

h h h
Patient Patient
group Dose number Dose Pre 1 12 24 48 Pre 1 72 Pre 1 72

mg/kg M %

I 0.05 1 2.2 61 33 38 41 21 56 38 39 76 49 44
2 2.6 52 50 53 43 55 39 46 41 54 61 78
3 1.1 78 4 15 16 93 73 45 93 89 49
4 3.4 53 51 45 70 74 56 75 53 100 83

Mean 2.3 61 35 38 43 38 66 53 50 69 74 64
SD 1.0 12 22 16 22 24 23 15 17 19 24 20

II 0.10 1 1.1 60 46 16 20 24 56 66 63 64 70 68
2 1.1 68 21 73 78 73 55 69 55 85
3 2.2 64 41 44 53 69 46 38 76 73 79
4 2.6 50 63 48 35 49 58 66 54 60 75 59

Mean 1.8 61 43 36 45 55 58 56 58 67 68 73
SD 0.8 8 17 17 23 24 11 13 6 7 9 12

III 0.15 1 3.9 53 51 51 56 61 31 26 65 88 93 78
2 2.2 62 0 0 20 35 49 55 73 63 81 76
3 1.3 64 35 71 69 79 81 78 93
4 3.2 63 25 65 64 71 73 56 - 78 85 75

Mean 2.7 61 27 47 52 56 58 55 69 77 88 76
SD 1.1 5 21 32 22 19 22 23 6 10 6 2

IV 0.20 1 2.6 63 0 13 24 33 63 0 78 78 73
2 3.0 54 6 24 30 39 0 - 75 79 83
3 2.2 65 0 10 30 46 59 0 61 75 74 64
4 3.4 58 0 13 30 36 34 0 - 80 72 74

Mean 2.8 60 1.5 15 29 39 52 0 - 77 76 74
SD 0.5 5 3 6 3 6 16 3 3 8

shown). The hemoglobin and hematocrit values did not significance of this finding is unclear. Two other patients de-
change significantly after injection of the antibody (Table V). veloped positive assays for IgG to 7E3-F(ab)2 several weeks

after the infusion, indicating that the material is potentially
Discussion immunogenic.
This Phase I study demonstrates that infusion of 7E3-F(ab')2 at A significant correlation was observed between the log
doses of 0.20 mg/kg to patients with unstable angina can pro- bleeding time and the residual GPIIb/IIIa receptor density (r
duce high-grade blockade of GPIIb/IIIa receptors (to 13±7% of = 0.73, P = 0.0001) indicating that the receptor density is an
baseline) and marked inhibition of platelet aggregation in- important determinant of the bleeding time.
duced by ADP and collagen. A marked prolongation of the The return of free GPIIb/IIIa receptors with time after in-
bleeding time (to > 30 min) with normalization within 24 h fusion of 0.20 mg/kg 7E3-F(ab')2 was relatively rapid, increas-
was observed but this was not associated with spontaneous ing from 13±7% of the baseline value 1 h after injection of the
hemorrhage or hemodynamic compromise. Platelet count re- antibody, to 33±10% at 12 h, 44±8% at 24 h, and 67±7% at 72
ductions were mild and transient except in one patient who h. It is possible that clearance of antibody-coated platelets is
sustained a more significant decrease to a nadir of 0.9 X 10g more rapid than normal, and provided platelet production
ml, with a return toward normal over the next 2 d; there was matches the increased clearance, a more rapid return of free
no obvious explanation for this patient's response, including a receptors would be expected. Direct platelet survival measure-
negative evaluation for preexisting IgG antibodies to ments will be required to address this issue. Similarly, if the
7E3-F(ab)2. cohort of platelets in the spleen does not become coated with

One patient had low levels of preexisting IgG anti-7E3- 7E3-F(ab')2 to the same extent as peripheral blood platelets
F(ab)2, but the presence of this IgG did not seem to alter the during the first hour, then the emergence of these less-coated
patient's response to the infusion, nor did the patient develop platelets into the circulation would produce a more rapid re-
an anamnestic response despite the fact that the inhibition turn of free GPIIb/IIIa receptors. The intraplatelet pool(s) of
assays suggested that the IgG was specific for 7E3-F(ab)2. The GPIIb/IIIa furnish another potential source of free GPIIb/IIIa,
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Figure 2. Aggregometer tracings of platelet aggregation with (A)
ADP, (B) collagen, or (C) ristocetin before and at different time in-
tervals after injection of 0.20 mg/kg 7E3-F(ab')2. R, ristocetin.

and recent preliminary evidence indicates that GPIIb/IIIa re-
ceptors may cycle between the pools (19). Strategies to prolong
the receptor blockade may be aided by additional information
on the mechanism(s) of the rapid return of free receptors.

In group IV given 0.20 mg/kg of 7E3-F(ab')2, all patients
had extensive GPIIb/IIIa receptor blockade and prolongation
of the bleeding time to > 30 min at 1 h. Anginal pain did not
occur within the first hours after injection of antibody in these
patients, but was documented at 11 h in patient IV-3 and at 23
h in patient IV-2. The onset of pain in patient IV-3 occurred at
a time when the bleeding time was 10 min and the GPIIb/IIIa
receptor density 37%; in patient IV-2 pain occurred at a time
when the bleeding time was 7.0 min and the GPIIb/IIIa recep-
tor density 49%. These observations suggest either that the
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Figure 3. Correlation between the log bleeding time and the percent
residual GPIIb/IIIa receptors, based on data obtained in all patients
at 1, 12, and 24 h after injection of 7E3-F(ab')2.

mechanism of ischemic pain in these patients was not platelet
mediated, or that very high grade blockade of GPIIb/IIIa re-
ceptors is required to prevent platelet thrombus formation and
precipitation of ischemic pain. In view of the known patho-
physiological relationship between atherosclerotic plaque rup-
ture, platelet-rich localized thrombus formation contiguous to
the site of rupture (20, 21), and ischemic coronary pain (22),
we favor the latter hypothesis. This would entail that throm-
bogenicity of the vessel wall is either recurrent or persistent
beyond the time zone of sufficient platelet inhibition with a
single bolus injection of 7E3-F(ab')2. Further studies will indi-
cate whether higher doses of the antibody fragment or repeti-
tive injections of the antibody over a 24-48-h period might
protect patients with unstable angina from recurrent ischemia
until passivation of the thrombogenicity of the vessel wall has
occurred.

Analysis of the present study, our previous study in a
human (15), and data obtained by us (6, 8, 10, 13, 23) and
others (24, 25) in animals given monoclonal antibodies to
platelet GPIIb/IIIa, permits us to make some tentative corre-
lations between GPIIb/IIIa levels and platelet function. De-
creasing the number of GPIIb/IIIa receptors from the normal
values of - 30,000-50,000 to - 20,000 has little effect on
platelet function other than to decrease platelet aggregation
mildly in response to ADP. This is also in accord with clinical
observations on individuals who are obligatory heterozygotes
for Glanzmann thrombasthenia, since these individuals are
asymptomatic and have essentially normal platelet function
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Table V. Hematological Parameters after 7E3-F(ab')2 Injection

Hemoglobin Hematocrit
Patient Patient
group Dose number Baseline 24 h 72-120 h Baseline 24 h 72-120 h

mg/kg gidl %

I 0.05 1 13 13 12 38 38 33
2 13 13 14 37 36 37
3 13 14 - 36 42
4 15 13 14 42 38 38

Mean 14 13 13 38 39 36
SD 1 1 1 3 3 3

II 0.10 1 14 12 12 41 36 35
2 12 13 13 35 37 35
3 13 12 11 35 35 33
4 13 16 8 37 48 37

Mean 13 13 11 37 39 35
SD 1 2 2 3 6 2

III 0.15 1 11 - 13 45 - 38
2 14 14 - 42 41
3 15 - 15 43 - 43
4 14 14 - 41 40 -

Mean 14 14 14 43 41 41
SD 2 1 2 1 4

IV 0.20 1 17 16 - 49 47
2 17 16 15 50 44 42
3 14 14 12 40 40 35
4 15 14 - 45 43 -

Mean 16 15 14 46 44 39
SD 2 1 2 5 3 5

even though they have - 40% fewer GPIIb/IIIa receptors than
normal individuals (26). Reduction of the number of GPIIb/
Ila receptors to between 10,000 and 20,000 has a more pro-
found effect on ADP-induced platelet aggregation, with nearly
total abolition at - 10,000 residual receptors (23). The effect
on the bleeding time, however, is only modest, unless the num-
ber of GPIIb/IIIa receptors is reduced to < 10,000. Interest-
ingly, in the model developed by Folts to assess platelet
thrombus formation in moderately stenosed (- 70%) and
damaged arteries, we found that platelet thrombus formation
could be abolished in many animals by decreasing the number
of residual GPIIb/IIIa receptors to between 10,000 and 20,000,
a dose that did not completely inhibit platelet aggregation and
rarely increased the bleeding time to > 10 min (23).

In contrast, in our previously described model designed to
study thrombolysis of an acute coronary artery thrombus in
severely stenosed (> 90%) blood vessels, in general, doses that
would be expected to decrease the number of GPIIb/IIIa re-
ceptors to < 10,000 were required to obtain favorable results
in speeding reperfusion, permitting recombinant tissue-type
plasminogen activator dose reductions, and preventing reoc-
clusion. In view of the greater stenosis in this model compared
to the Folts model, the presence of an initial thrombus, and the
likelihood of residual thrombogenic material remaining after
thrombolysis in this model, it is perhaps not surprising that

higher-grade GPIIb/IIIa receptor blockade is required to have
a favorable effect. In a preliminary report (27), Takami et al.
found that 1-1.5 mg/kg of a murine monoclonal antibody to
pig platelet GPIIb/IIIa produced only modest increases in
bleeding time but complete inhibition of ADP-induced plate-
let aggregation. They indicated that the plasma level of the Fab'
reached a near saturating level (> 95%) after the infusion, but
they did not measure the number of blocked receptors directly.
Since it is possible that equilibrium had not been established
by 5 min, it may be that the extent of blockade was in fact
< 95%. In addition, our data indicate that even when platelet
aggregation has been abolished, additional 7E3-F(ab')2 can in-
crease the bleeding time (23). Moreover, patients with Glanz-
mann thrombasthenia who have very few or no functional
GPIIb/IIIa receptors, do have prolonged bleeding times. Thus,
although it is possible that there are species differences or dif-
ferences related to the monoclonal antibodies, if the receptor
blockade in this study was actually approximately 80%, we
believe their data are consistent with ours. The dose response
studies conducted by Hanson et al. (24) in baboons using the
murine monoclonal antibody AP-2 are also consistent with
our data since they found that at 0.4 mg/kg, a dose that only
increased the bleeding from - 5 min to < 10 min, there was a
77-82% decrease in ADP-induced platelet aggregation and
100% inhibition of collagen-induced aggregation. At a higher
dose of AP-2 (1.0 mg/kg) the bleeding time rose to nearly 20
min. Moreover, a very high dose (10 mg/kg) of another mono-
clonal antibody (LJ-CP8) prolonged the bleeding time > 30
min while essentially eliminating platelet aggregation to ADP
and collagen. All doses of AP-2 down to 0.2 mg/kg, which did
not increase the bleeding time at all, significantly reduced
platelet deposition on Dacron vascular grafts (0.2 mg/kg
= 41%, 0.4 mg/kg = 51%, 1.0 mg/kg = 73%), demonstrating
an antithrombotic effect at antibody concentrations that only
had a modest effect on the bleeding time. Platelet GPIIb/IIIa
receptors were not measured directly in this study. In another
study (25) using LJ-CP8, 10 mg/kg of the antibody did not
prevent occlusion of a 4-mm expanded polytetra fluoroethy-
lene (Gore-Tex, W. L. Gore and Associates, Inc., Flagstaff,
AZ) graft placed in the femoral artery of baboons despite the
antibody abolishing platelet aggregation and'increasing the
bleeding time to > 30 min. Although we have not tested our
antibody in a similar system, it is possible that thrombosis in
this model cannot be prevented by even high-grade GPIIb/IIIa
blockade.

In summary, this study demonstrates that infusion of
7E3-F(ab')2 at 0.20 mg/kg transiently produces profound inhi-
bition of platelet function without causing spontaneous hem-
orrhage. Additional studies will be required to assess whether
this approach may be efficacious in the treatment of ischemic
coronary syndromes.
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