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Reactions of Immunoglobulin G-
binding Ligands with Platelets and
Platelet-associated Immunoglobulin G

W. F. Rosse, Dana V. Devine, and Russell Ware
Division of Hematology-Oncology, Department of Medicine,
Duke University Medical Center, Durham, North Carolina 27710

As bstract. Immunoglobulin G(IgG) bound to
platelets is usually detected by one of two general methods:
binding of labeled anti-IgG or consumption of anti-IgG.
The latter method gives, in general, values 5-10-fold
greater than the former under the same conditions. To
investigate these discrepancies, we have compared the
detection of platelet-bound IgG by a labeled anti-IgG
binding assay and by a quantitative antiglobulin con-
sumption test using the same antibodies.

The interaction of '251-labeled monoclonal anti-IgG
or polyclonal anti-IgG with washed and IgG-coated plate-
lets was studied. The binding of these ligands to washed
normal platelets was largely (50-80%) nonspecific; the
binding was not saturable and was only partially inhib-
itable by excess unlabeled anti-IgG. The binding of anti-
IgG to platelets coated with anti-PlA, a platelet-specific
IgG antibody, appeared to be saturable and inhibitable;
the dissociation constant (KD) of this IgG-anti-IgG re-
action was 4.9 X 10-9 for monoclonal and 1.4 X 10-7
for polyclonal anti-IgG. The ratio of sites present on the
membrane (determined by "1'I-labeled anti-PlAI) to the
number of binding sites for anti-IgG determined by Scat-
chard analysis was 0.53 for monoclonal anti-IgG and 1.3
for polyclonal anti-IgG. The binding of monoclonal anti-
IgG to platelet-bound immune complexes or IgG aggre-
gates appeared to be complex.

"3'I-Labeled IgG was affixed to platelets and was de-
tected by three tests: direct binding of radiolabeled mono-
clonal anti-IgG and quantitative antiglobulin consump-
tion (QAC) tests, which were quantitated either by mea-
suring directly the amount of radiolabeled anti-IgG
consumed from fluid phase (direct QAC), or indirectly
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by reference to a calibration curve relating the con-
sumption of anti-IgG by known amounts of fluid-phase,
non-immune IgG (indirect QAC). The amount of platelet-
bound IgG detected by the direct binding of '251-labeled
monoclonal anti-IgG and by the direct QACapproxi-
mated that known to be bound to the platelet. The results
of the indirect QACtest were 10-fold greater. The dis-
crepancy appears to be due to the fact that there is a
difference between the IgG-anti-IgG interaction when IgG
is bound to a platelet and when it is in solution or bound
to plastic nonspecifically or specifically. This difference
results in a falsely high value for platelet-bound IgG when
fluid-phase or plastic-bound IgG is used to calibrate the
antiglobulin consumption test.

Introduction

For many years, the techniques available for the detection of
antibody on platelets were either unreliable or difficult to per-
form. At present, there are two general methods in use for the
detection of platelet-bound IgG: antiglobulin consumption tests
or direct labeled anti-IgG binding tests. Antiglobulin consump-
tion tests are usually based on the principle that IgG affixed to
platelets will adsorb proportionate amounts of anti-IgG from
solution. The stoichiometry is assumed to be the same for plate-
let-bound IgG as for fluid-phase IgG and the tests are therefore
calibrated by assessing the consumption of anti-IgG by known
amounts of fluid-phase IgG. By these techniques, 5,000-20,000
molecules of IgG are detected on the platelets of normal donors
and values >300,000 molecules/platelet have been reported in
patients with idiopathic thrombocytopenic purpura (1-6). In
addition, increased amounts of platelet-bound IgG have been
found by these techniques on the platelets of thrombocytopenic
patients with systemic lupus erythematosus, myeloproliferative
disorders, sepsis and other infections, drug-induced purpura,
various hematologic disorders, and cancer (7-9).

Techniques that directly measure the binding of labeled
anti-IgG to IgG affixed to platelets are theoretically simple to
perform and to interpret (10-13). Radiolabeled ligands have
been fixed to platelet-bound IgG, but when heterologous anti-
IgG was used as whole serum or as the IgG fraction of serum
of immunized animals, the amount of IgG bound to normal
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platelets was often great (10). Furthermore, it has been difficult
to establish the stoichiometry between the amount of IgG on
the platelet and the amount of anti-IgG bound (1 1).

With the advent of hybridoma-derived monoclonal anti-
IgG antibodies which react with a single epitope of the IgG
molecule, many of the objections to previous ligand-binding
assays may be overcome. Using such a test, we have found that
there is little binding to normal platelets (500-1,000 molecules/
platelet for monoclonal antibody, 2,000-3,000 for polyclonal
antibody). The amount bound to the platelets of patients with
idiopathic thrombocytopenic purpura is usually greater (2,000-
50,000 molecules/platelet) but is very much less than that es-
timated by using a quantitative antiglobulin test with calibration
curve (Rosse, W. F., and D. V. Devine, manuscript in prepa-
ration).

In the present study, we analyzed and detailed the interaction
between radiolabeled monoclonal or polyclonal anti-IgG and
IgG bound to platelets. Wecompared the results of such assays
with the results of an antiglobulin consumption test by using
the monoclonal antibody with and without a calibration curve
using known amounts of IgG. When a calibration curve in
which IgG in fluid phase or bound to plastic or surfaces other
than the platelet membrane is used to estimate the amount of
anti-IgG consumed, falsely high values for the amount of IgG
bound to the platelet are derived. When the amount of anti-
IgG consumed is estimated either directly (by loss of radioac-
tivity) or by calibration with known amounts of IgG affixed to
platelets, the binding of IgG is the same as that detected using
direct anti-IgG binding. This suggests that the discrepancy noted
between antiglobulin consumption tests and direct binding assays
is due to differences in the binding of anti-IgG when bound to
IgG on the platelet surface compared with its binding to IgG
affixed to other surfaces or in fluid phase.

Methods

Ligands
Monoclonal antibody. Monoclonal mouse antibody known to be specific
for the Fc portion of human IgG (Bethesda Research Laboratories,
Gaithersburg, MD) was purified from ascites fluid by two methods. I
and 1.5 ml of ascites fluid was either dialyzed against 0.02 MKH2PO4,
pH 8.0, 0.02% sodium azide, then passed over a 10-ml column of DEAE
AffiGel Blue (Bio-Rad Laboratories, Richmond, CA) equilibrated in the
same buffer or passed over a 3-ml column of AffiGel Blue (Bio-Rad
Laboratories) in phosphate-buffered saline (PBS), pH 7.4, without prior
dialysis. The fall-through protein from either method was then concen-
trated and dialyzed against PBS, pH 7.4, containing 5 mMbenzamidine
(Sigma Chemical Co., St. Louis, MO), 5 mMepsilon aminocaproic acid
(Sigma Chemical Co.), and 0.02% sodium azide (Sigma Chemical Co.)
prior to chromatography on Sephadex G-200. Fractions were pooled
and purity was determined by polyacrylamide gel electrophoresis (PAGE).
The purified antibody contained minor (<5%) contamination with other
proteins by sodium dodecyl sulfate-PAGE. The antibody was preserved

1. Abbreviations used in this paper: PAGE, polyacrylamide gel electro-
phoresis.

in frozen fractions which were thawed for use. F(ab')2 fragments were
prepared by pepsin digestion of purified monoclonal antibody (14). Fc
fragments and undigested IgG were removed by protein A-Sepharose
affinity chromatography.

Goat anti-human IgG (gamma chain-specific) which had been purified
on an IgG immunoadsorption affinity column was obtained from Tago,
Inc., Burlingame, CA.

Antibodies
Serum. Serum or plasma of patients with alloimmune or autoimmune
thrombocytopenia was frozen in aliquots and thawed for use. It was
heated to 560C for 30 min before use to destroy complement. The IgG
fraction from normal serum and the serum of patients with alloimmune
or autoimmune thrombocytopenia was purified by either of two pro-
cedures: (a) the euglobulin fraction was precipitated by 45% saturated
ammonium sulfate (NH4SO4), and the supernatant fluid was dialyzed
against 5 mMphosphate buffer and placed on a DEAESephacel column;
fall-through protein was concentrated and examined by PAGE. If not
pure, it was chromatographed on Sephadex G-200. (b) Immunoglobulin
was prepared as above and was dialyzed against 0.1 Mphosphate buffer
at pH 8.0; this was applied to a staphylococcal protein A-Sepharose CL-
4B (Sigma Chemical Co.) affinity column. The bound IgG was eluted
with a 0.1 Mcitrate buffer, pH 3.5; pH was adjusted to 7.4 before dialysis
against PBS, after the method of Ey et al. (15). Samples were tested for
aggregate formation by using the Clq-binding assay described below.
Only those samples free of detectable aggregates were used.

Aggregates of IgG. Purified normal or monoclonal (myelomatous)
IgG was aggregated with dimethylsuberimidate according to the method
of Segal and Hurwitz (16) as modified by Kurlander and Batker (17).
The molar ratio of IgG to dimethylsuberimidate was 15:1. The aggregates
were purified by serial passage through Sephadex G-200 and ACA22.
"Heavy polymers" (polymers of four IgG molecules and greater) were
used in the present studies.

Immune complex assay. Immune complexes in serum or fractions
of serum were detected by a modification of the solid-phase Clq assay
(18). '25I-Staphylococcal protein A was used as the detector of Clq-
bound IgG aggregates. '31I-Labeled aggregates of IgG were used for cal-
ibration.

Radiolabeling of proteins
lodination of proteins was carried out by using a modification of the
method of Fraker and Speck (19). 1.5-ml-polypropylene microfuge tubes
were coated with lodoGen (Pierce Chemical Co., Rockford, IL) dissolved
in dichloromethane. Tubes were prepared such that the IodoGen:protein
ratio was 1:10 wt/wt and the volume of IodoGen solution equaled the
volume of protein to be labeled. The lodoGen was dried down under
a stream of nitrogen and the dessicated tubes were stored at room tem-
perature. I-mg quantities of ligand were labeled with I mCi ['251I]sodium
iodide (Amersham Corp., Arlington Heights, IL) by incubating protein
and radiolabel in an appropriate IodoGen-coated tube for 15 min at
room temperature with mixing. The sample was briefly microfuged to
pellet any loose IodoGen flakes. To remove free iodine, the sample was
passed over a Sephadex G-25 column equilibrated in PBS.

2-mg quantities of IgG from human sera were labeled with I mCi
['3'Ilsodium iodide (Amersham Corp.) using the same technique.

Preparation of platelets
Platelets were separated from blood collected in EDTA(0. 15 ml of 10%
EDTA, pH 7.4, per 10 ml of whole blood). The erythrocytes and leu-
kocytes were carefully sedimented by centrifugation at 1 10 g. The platelets
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were washed three times in veronal-buffered saline, pH 7.4, 0.1% gelatin,
0.015 MEDTA(GVB-EDTA), resuspended, and counted on an Ortho
ELT 8 automated blood counter (Ortho Pharmaceutical, Raritan, NJ).
The platelets were adjusted to a final concentration of -500,000/1,1
whenever possible.

Assay for the binding of ligands to platelets and to IgG
bound to platelets
Washed normal platelets were incubated with an equal volume of serum
or serum fractions for 30 min at 370C, washed three times with GVB-
EDTA, and resuspended to a concentration of 300,000/mm3. 100 ,1 of
the suspension was then reacted with 100 Ml of '25I-labeled antibody at
a prescribed concentration. Following a 45-min incubation at 370C,
three 50-Ml volumes of the mixture were pipetted into separate 400-ul
microfuge tubes containing a mixture of phthalate esters (1.5 parts n-
butyl phthalate [Fisher Scientific Co., Pittsburgh, PA] to 1.0 part bis
(2-ethylhexyl)phthalate [Eastman Kodak Inc., Rochester, NY]). After
centrifugation in a Beckman microfuge (Beckman Instruments, Inc.,
Fullerton, CA), a clamp was applied to the tube in the middle of the
oil layer and the tip of the tube was cut off; the amount of radioactivity
on the platelets in the tip was assessed in a well-type gammascintillation
counter. For analysis by Klotz's or Scatchard's method, fluid-phase ligand
concentration was determined by counting 10 gl of the supernatant
fluid from each microfuge tube after centrifugation.

Solid-phase antiglobulin consumption assay
Polystyrene tubes, 12 X 75 cm, were coated with purified myelomatous
IgG according to the buffer-coating method of Parsons (20). The IgG-
binding capacity of tubes coated in this manner was highly reproducible.
Antiglobulin was used in this system at a concentration well below
excess for the amount of IgG bound to the tubes. Approximately 65%
of the labeled anti-IgG was affixed to the IgG-coated tubes. All IgG
reacting with anti-IgG, except that in fluid phase, was labeled with '"'I
by using the method described above. '23I-Labeled antiglobulin, either
monoclonal or polyclonal, was incubated with a source of IgG, either
fluid phase or anti-PlAI'-sensitized platelets, or IgG bound to Covaspheres
(Covalent Technologies Corp., Ann Arbor, MI), or anti-Lewis' (Le')
bound to Le' substance attached to crystalline silica particles (Chem-
biomed, Ltd., Edmonton, Alberta). The amount of IgG absorbing anti-
IgG was determined chemically (for fluid phase) or by measurement of
radioactivity due to '3'I, converted to a quantity of IgG by knowledge
of the specific activity. After a 30-min incubation at 37°C, a standard
volume of the mixture was placed in an IgG-coated tube and incubated
for 30 min at 37°C. After three washings to remove unbound antiglobulin,
the tubes were counted in a gammascintillation counter. The results
were calculated as fractional inhibition of binding based on the maximum
binding of that amount of antiglobulin to a coated tube in the absence
of another source of IgG.

The consumption of antiglobulin was directly determined by esti-
mating the difference in the amount of anti-IgG affixed to a coated tube
when the anti-IgG had not been preabsorbed with a known number of
platelets and the amount affixed after such preabsorption. This difference
was converted to molecules of IgG per platelet by knowledge of the
number of platelets, the specific activity of the antiglobulin reagent, and
the percentage of the reagent available for binding.

The consumption of anti-IgG was measured indirectly by reference
to a calibration curve of consumption of anti-IgG by IgG in fluid phase
or affixed to Covaspheres or to anti-Le' antibody affixed to antigen
bound to such spheres. The anti-IgG was incubated with the source of
IgG of known concentration and fractional inhibition of subsequent

binding to coated tubes was calculated. The fractional inhibition generated
by a known number of platelets was determined and the amount of
IgG thought to be responsible for this inhibition was read directly from
the graph.

Results

Specificity of the monoclonal anti-IgG
To test the subclass specificity of the radiolabeled monoclonal
anti-IgG antibody, erythrocytes were coated with myeloma pro-
teins of each subclass and each light chain class. (These proteins
were kindly provided by Dr. William Yount of the University
of North Carolina, Chapel Hill). Radiolabeled anti-IgG detected
subclasses of IgG equally regardless of light chain class (data
not shown).

Binding of ligands to IgG-coated platelets
To test the time required for the binding of anti-IgG to IgG on
the platelets, normal platelets were coated with IgG from the
serum of a patient with alloimmune anti-PI" antibody. Equal
volumes of IgG-coated platelets and radiolabeled ligand were
mixed at 370C. At intervals of time, samples were removed and
the binding of the radiolabeled ligand to the platelets was assessed.
For both, binding occurred rapidly and was complete by 40
min (data not shown).

To evaluate the effect of varying concentrations of ligand
on the amount of binding of ligand to normal platelets and
IgG-coated platelets, normal platelets were coated with IgG from
serum or IgG fractions of serum containing anti-platelet anti-
bodies; for some studies, the IgG fraction of serum was labeled
with 13'I. After being washed, the platelets were incubated with
equal volumes of graded concentrations of radiolabeled ligand
and the binding of radiolabeled ligand was determined. When
"3'I-labeled IgG was used to coat the platelets, the amount of
IgG bound was determined. Washed platelets not sensitized
were treated similarly as controls.

The data were analyzed in three ways:
(a) The quantity of ligand bound to the platelet was plotted

against a concentration of ligand used in the mixture (Figs. 1
and 2, A). By this analysis, the amount of ligand bound to
normal unsensitized platelets was directly proportional to the
concentration of ligand used in the reaction mixture; the dose-
response curves were nearly linear at all concentrations tested,
particularly for monoclonal anti-IgG. The amount of polyclonal
anti-IgG bound for a given concentration of ligand was greater
than for monoclonal anti-IgG.

The net binding to IgG-coated platelets (the total amount
of ligand bound less the amount bound to normal platelets)
reached a maximum value when 50-75 gg/ml of each ligand
was used and was, at higher concentrations, nearly the same as
this maximum.

(b) To determine whether sufficient ligand was used to es-
timate maximal binding, the data were plotted according to the
method of Klotz (21); the logarithm of the concentration of
free ligand in the supernatant fluid following centrifugation was
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Figure 1. The binding of '311-labeled monoclonal anti-IgG to platelets
coated with anti-PlI^. (A) The binding of anti-IgG to washed normal
platelets (- ---) and to platelets which had been coated with anti-
P1Al (-- o - -); net binding to anti-P7Acoatedplatelets is shown in
solid symbols. (B) The binding data expressed according to the
method of Klotz (21); the log of the molar concentration in fluid
phase is shown on the abscissa. F, free.

plotted against the number of molecules bound to each platelet
(Figs. 1 and 2, B). With both monoclonal and polyclonal anti-
IgG, a symmetric sigmoid curve was obtained, indicating that
sufficient ligand was present to measure binding. The inflection
point of this curve occurs at the point where half of the sites
are bound.

(c) According to the method of Scatchard (22), the amount
of radiolabeled ligand bound per platelet was plotted against
the amount bound divided by the amount remaining in fluid
phase at equilibrium expressed in moles per liter (Fig. 3). The
line, when apparently straight, was analyzed by the least squares
method. By such analysis, the intercept with the abscissa indicates
the maximum number of binding sites available to the ligand;

120
A

75-

6

25 50 100 200 10 -9 -8 -7 -6
Potyclonol Anti IgG kgq/ml) Log,0[F]

Figure 2. The binding of '3'I labeled polyclonal anti-IgG to platelets
coated withanti6P1 See legend for Fig. 1.

U_

2-

0

0

0

10 20 30 40 50 60 70
B (Molecules Bound x10-3)

Figure 3. Analysis of the binding of the two ligands by anti-PlAI_
coated platelets by the method of Scatchard. The data for mono-
clonal anti-IgG are shown in solid circles and for polyclonal anti-IgG
in open circles.

the ratio of predicted sites to sites measured by '3'I-IgG (varying
between 10,000-50,000 molecules/cell) was calculated. The slope
of the line was measured and the apparent dissociation constant
(KD) for the reaction was calculated as the reciprocal of the
slope of the line (Table I).

In some instances, a line curvilinear to the origin was ob-
tained. The assumption was made that the curvilinearity was
due to heterogeneity of binding constants in the interaction and
the simplest analysis was made; i.e., that reactions with two
binding constants were being measured. The curves were then
analyzed by a curve subtraction method.

Monoclonal anti-IgG. When monomeric IgG was used to
sensitize platelets, monoclonal anti-IgG gave linear curves on
Scatchard analysis. The affinity was high and the proportion of
anti-IgG binding sites indicated by this analysis was consistently
-2/3 of that indicated when the 131I-labeled IgG fraction from
serum containing alloimmune anti-PlAl or autoimmune anti-
body was used to sensitize the platelets (Table I). The proportion
of sites detected remained constant over the fivefold difference
in site number in these experiments. Assays performed in the
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Table I. Analysis of the Binding of IgG-binding Ligands
to IgG on Platelets

Ratio of ligand-binding
Ligand KD sites/'3'1-IgG sites

Monoclonal 4.9 X 10-9 0.53±0.07 (n = 6)
Anti-IgG (±1.6) (n = 8)

Polyclonal 1.4 X 10-7 1.32±0.48 (n = 3)
Anti-IgG (±1.9) (n = 5)

Monoclonal* 4.2 X 10-7
Anti-IgG 3.4 X 10-9 (n = 4)

(±1.4)

* Aggregates or immune complexes attached to platelets.

absence of EDTAand gelatin gave entirely similar results (data
not shown).

When artificially produced and chromatographically defined
aggregates of IgG or serum or serum fractions containing im-
mune complexes were used to coat the platelets and the binding
was analyzed by the method of Scatchard, a curvilinear line
resulted. These curves were analyzed as though the curvature
resulted from the presence of binding sites with two different
affinities; the affinity of the majority of the sites corresponded
to the affinity of monomeric IgG with the monoclonal anti-IgG
(Fig. 4).

Polyclonal anti-IgG. When the binding of the polyclonal,
heterologous, affinity-purified anti-IgG was analyzed by the
Scatchard method, a straight line was obtained (Fig. 3). The KD
was greater than for monoclonal and the ratio of sites predicted
by the Scatchard analysis to the number determined by 1311.
labeled IgG was >1 (Table I). The curve obtained upon plotting
according to the method of Klotz indicated that sufficient an-
tibody was used to validate this extrapolation (Fig. 2 B).

B- Molecules Bound xlO'

Figure 4. Scatchard analysis of the binding of monoclonal anti-IgG
to platelets coated with complexes of IgG. The results of experiments
with suberimidate-induced aggregates of IgG are shown in solid cir-
cles; those with immune complexes are shown in open circles. The
results with monomeric anti-PI^' antibody are shown for contrast
(solid squares).

Inhibition of ligand binding by excess unlabeled ligand
Washed normal platelets were incubated with a given concen-
tration of radiolabeled ligand and various amounts of unlabeled
ligand to determine if an excess of unlabeled ligand competed
for binding sites and inhibited the fixation of labeled ligand. At
all concentrations of unlabeled ligand tested, there was relatively
little inhibition of binding by ligand 100-fold greater than the
concentration of labeled ligand (Table II).

Whenplatelets sensitized with the IgG fraction of antiserum
containing anti-PI"A were substituted in the experiments de-

Table I. Inhibition of Binding of Radiolabeled Ligand by a 100 MExcess of Unlabeled Ligand

Molecules/platelet-labeled ligand

Unlabeled No unlabeled With unlabeled Percent inhibition
Radiolabeled ligand ligand ligand ligand of binding

Washed platelets Monoclonal anti-IgG Monoclonal 1,774 1,245 29.8
Polyclonal 1,176 971 17.4

Polyclonal anti-IgG Polyclonal 3,650 2,589 29.1
Monoclonal 3,500 1,927 44.1

Platelets sensitized Monoclonal anti-IgG Monoclonal 14,174 1,165 91.8
with anti-PI^' Polyclonal 14,855 2,575 82.7

Polyclonal anti-IgG Polyclonal 10,433 2,968 71.6
Monoclonal 9,455 5,463 42.2
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scribed above, the amount of ligand bound was very much
greater than that bound to unsensitized platelets and the binding
was markedly inhibited by unlabeled ligand (Table II).

To determine whether monoclonal and polyclonal anti-IgG
reacted with the same part of the IgG molecule, the inhibition
of binding of radiolabeled ligand to anti-PlAl-coated platelets
by either the same or the other anti-IgG was tested. Unlabeled
polyclonal anti-IgG nearly completely inhibited the binding of
monoclonal anti-IgG, indicating that antibodies in that prep-
aration bound to the same antigen that binds the monoclonal
anti-IgG or the antigens nearby. The binding of polyclonal anti-
IgG was only partially inhibited by monoclonal anti-IgG, in-
dicating that antibodies to other epitopes are present in the
polyclonal anti-IgG preparations (Table II).

Inhibition of the binding of radiolabeled ligand
by fluid-phase IgG
Washed normal platelets were incubated with a given concen-
tration of radiolabeled ligand and various amounts of human
IgG, which was purified from a patient with multiple myeloma,
to determine if reaction with IgG would inhibit the binding of
anti-IgG to platelets. At the highest concentrations of fluid-
phase IgG, the binding of polyclonal but not monoclonal anti-
IgG was inhibited (Table III).

When sensitized platelets were used in such experiments,
the binding of radiolabeled ligand was markedly reduced com-
pared with that observed with unsensitized platelets.

Binding of F(ab)2 fragments of monoclonal anti-IgG
To determine whether the "nonspecific" binding required the
Fc portion of the monoclonal antibody molecules, F(ab')2 frag-
ments of the antibody were reacted with platelets sensitized with
anti-PlAl serum and with autologous serum. Approximately the
same number of F(ab')2 fragments were affixed as were IgG
antibody molecules (Table IV).

Detection of platelet-bound IgG by antiglobulin
consumption
The reduction in the amount of monoclonal anti-IgG remaining
after incubation with known amounts of IgG in fluid phase,

Table III. Inhibition of Binding of Radiolabeled Ligand by
Fluid-phase IgG in 100 MExcess

Molecules ligand
per platelet

Percent
With inhibition

Ligand No IgG IgG of binding

Washed platelets Monoclonal 392 404 0
anti-IgG

Polyclonal 3,031 1,690 44.2

Platelets sensitized Monoclonal 11,242 607 94.6
with anti-P1AI Anti-IgG

Polyclonal 38,505 2,508 93.5

Table IV A Comparison of the Binding of '25I-Monoclonal
Anti-IgG and '25I-F(ab')2 of Monoclonal Anti-IgG to
Anti-PlAI-sensitized Platelets

Molecules bound per platelet

Serum Dilution Anti-IgG F(ab' )2 of anti-IgG

Anti-PlAl 1:1 22,300 15,600
1:10 5,800 5,500

Autologous 1:1 3,500 2,000
None 5,700 3,300

bound to plastic or to specific antigens bound to plastic, or to
platelets as alloantibody was estimated by using a solid-phase
antiglobulin consumption assay. The fraction of anti-IgG ad-
sorbed by a given quantity of those forms of IgG not bound to
platelets was approximately equal in all cases. However, when
IgG was bound to platelets, only %-Yis as much IgG was required
to inhibit a given amount of anti-IgG as was required when
IgG was in any other form (Fig. 5). This indicates that the
stoichiometry of binding of anti-IgG and IgG is different when
IgG is bound to the platelet than when IgG is in fluid phase or
bound to plastic either nonspecifically or as antibody.

IgG was attached to platelets and the amount measured by
three techniques: (a) the direct ligand-binding assay measuring
the amount of monoclonal anti-IgG binding to the IgG-coated

Amount of Inhibiting IgG-loglo(microgroms)
Figure 5. Inhibition of the attachment of anti-IgG to IgG-coated
tubes by preabsorption with IgG in various forms. The amount of
IgG in fluid phase (--o --) or '3'I-labeled IgG attached to platelets
(- - 0 - -), to Covaspheres (- -A - -), or attached as specific anti-
Lea antibody attached to Le' substance bound to crystalline silica
spheres (- - o - -) is shown on the abscissa on a logarithmic scale.
The fraction of inhibition of maximal absorption to coated tubes is
shown on the ordinate.
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platelets, (b) the direct antiglobulin consumption test in which
the number of molecules of anti-IgG consumed was estimated
by difference, and (c) the indirect antiglobulin consumption test
in which the amount of anti-IgG consumed was estimated by
reference to a calibration curve given by fluid-phase IgG. (This
latter method most nearly resembles the antiglobulin con-
sumption techniques in general use). The results of assays using
these techniques on sensitized platelets as well as on patient
samples are shown in Table V. The first two techniques give
similar results; the last technique gives results which are one to
two orders of magnitude greater and are similar to results given
by antiglobulin consumption tests currently in use (1).

Discussion

In order for a radiolabeled ligand to be used in the detection
of platelet-bound IgG, the characteristics of the reaction of the
ligand with the "receptor" (platelet-bound IgG) and with the
platelet itself must be carefully analyzed. The stoichiometry of
the specific reaction can be determined from such studies of
the nature of the binding.

When radiolabeled ligands are reacted with washed normal
platelets, ligand is bound. The amount varies with the ligand
and is greater with polyclonal anti-IgG and less with monoclonal
anti-IgG. The binding could be to IgG bound to the platelet
but not removed on washing (specific binding) or to the platelet
directly (nonspecific binding); previous studies have suggested
that IgG is present in small amounts on the surface of the
normal, washed platelet (23).

The present studies suggest that much of the binding of anti-
IgG to washed normal platelets is nonspecific since the inter-

Table V Platelet-bound IgG Determined by Three Methods

Antiglobulin consumption Direct
ligand

Indirect Direct binding
method method assay

(molecules/ (molecules/ (molecules/
platelet) platelet) platelet)

Anti-PI"A serum
dilution

1:1 662,900 20,500 18,900
1:3 135,000 13,400 19,000
1:9 27,800 5,000 6,200
0 9,000 300 900

Patient's
platelets

Si 70,000 4,300 4,200
Sn 336,200 14,800 14,800
We 50,100 3,100 3,200
SC 22,200 1,250 1,700
Ha 77,200 4,700 6,300
De 64,700 3,500 8,900

action between each of the radiolabeled ligands examined and
the washed platelets does not have the characteristics of ligand-
receptor interaction. The amount of ligand bound was directly
proportional to the concentration of ligand reacted with the
platelet and did not appear to achieve saturation within the
range studied in the present studies (-0.5-300 /Ag/ml). Fur-
thermore, the binding of radiolabeled ligand is only partially
inhibited by either excess unlabeled ligand or fluid-phase IgG.

The present studies show that when the IgG is attached to
the platelet either as specific antibody or as the result of non-
specific passive adsorption, the interaction between the ligands
studied and the platelet-bound IgG has the characteristics of
ligand-receptor interactions. Ligand binding reaches saturation
and is inhibited by excess unlabeled ligand or by unlabeled fluid-
phase IgG. The binding is reversible; although in the case of
monoclonal anti-IgG, the affinity is so great as to render this
difficult to measure.

Of the two ligands examined, monoclonal anti-IgG appeared
to have the most easily analyzed characteristics by Scatchard
analysis. The KD was very low, indicating a high affinity. This
ligand appeared to detect only about 60% of the molecules of
IgG present on the membrane. The reason for the discrepancy
between the number of sites as determined by Scatchard analysis
is not apparent. This may have to do with a relative inaccess-
ibility of some IgG associated with the platelet membrane.
However, the fact that the proportion of IgG detected by the
ligand was the same when various amounts of IgG were affixed
to the membrane permits the use of the ligand in assessing the
number of molecules of IgG adsorbed to the platelet surface.

The polyclonal antibody used in these studies also appeared
to react with platelet-bound IgG. Despite the fact that there is
probably heterogeneity in the binding constants of different an-
tibody molecules, the Scatchard plot was linear. The number
of sites estimated by the Scatchard analysis was somewhat greater
than the number estimated by measuring the "3'I when radio-
labeled IgG was affixed to the platelet. Whether this indicates
that all IgG molecules are accessible, in contrast to the binding
of monoclonal anti-IgG, or whether the same proportion is
accessible but more than one molecule of polyclonal anti-IgG
may be adsorbed to each IgG molecule is not clear. The latter
condition may obtain because antibodies to several epitopes of
the IgG molecule are present in the anti-IgG preparation. The
availability of this ligand may make it a more practical one for
the routine detection of platelet-bound IgG, even though the
amount of anti-IgG bound nonspecifically to washed normal
platelets tended to be greater than for monoclonal antibody.

When aggregated or complexed IgG adherent to platelets
was reacted with monoclonal anti-IgG, the line derived by Scat-
chard analysis was curvilinear. The KDof the reactions of higher
affinity was much like that of the reaction with monomeric IgG,
suggesting that the aberrant reactions are of lower affinity. This
may be due to relative inaccessibility of some IgG molecules
in the complex. This heterogeneity of interaction suggests that
the results of the interaction of monoclonal anti-IgG with im-
mune complexes must be interpreted with caution.

The number of molecules detected by the monoclonal anti-
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IgG assay on normal platelets and on the platelets of patients
with immune thrombocytopenia was considerably less than the
amount detected by quantitative antiglobulin consumption as-
says. In part, this may be due to nonspecific adsorption of the
antiglobulin in the antiglobulin consumption assay; it is difficult
to correct for this in such assays. Furthermore, it has been
suggested that in antiglobulin consumption assays, platelet-re-
lated debris which contains IgG may be simultaneously analyzed
(24); such debris would not be detected in the ligand-binding
assays as performed in the studies as the platelets are separated
by centrifugation through an immiscible fluid. However, the
present studies suggest that the major reason for the observed
discrepancy lies in the fact that the assumption made in the
calibration of antiglobulin consumption assays, which is that
the interaction between antiglobulin and IgG on the platelet is
the same as between antiglobulin and IgG in fluid phase, is not
correct.

In the present studies, we have shown that the same amount
of anti-IgG was consumed by much less IgG when it was bound
to the platelet surface than when it was in fluid phase or when
it was bound nonspecifically to other surfaces such as plastic
or specifically to antigens immobilized on particles. The reason
for the difference is not apparent. However, if one attempts to
use a calibration curve which measures the consumption of
antiglobulin by fluid-phase IgG or IgG attached to surfaces other
than platelets, a falsely high value is given for the amount of
IgG present on the platelets. If one measures antiglobulin con-
sumption using the calibration curve in which known amounts
of IgG are attached to platelets or in which the amount of
antiglobulin consumed is measured directly without reference
to a calibration curve, very much less IgG is measured; the
amount detected in these assays was similar to the amount
detected by direct radioligand assays. Thus, from these studies,
it is apparent that the radiolabeled monoclonal anti-IgG assay
most accurately measured the amount of IgG on the platelet
surface. A direct antiglobulin consumption assay which mea-
sured the consumption of radiolabeled ligand without reference
to a calibration curve was equally accurate. However, any assay
which relies upon a calibration curve to measure the con-
sumption of antiglobulin in which the IgG used to calibrate the
assay is not attached to platelets will vastly overestimate the
amount of IgG present on the platelet surface.

References

1. Dixon, R. H., W. F. Rosse, and L. Ebbert. 1975. Quantitative
determination of antibody in idiopathic thrombocytopenic purpura. N.
Engl. J. Med. 292:230-236.

2. Luiken, G. A., R. McMillan, A. L. Lightsey, P. Gordon, S. Zevely,
I. Shulman, R. L. Gribble, and R. L. Longmire. 1977. Platelet-associated
IgG in immune thrombocytopenic purpura. Blood. 50:317-325.

3. Hymes, K., S. Shulman, and S. Karpatkin. 1979. A solid-phase
radioimmunoassay for bound anti-platelet antibody. J. Lab. Clin. Med.
94:639-648.

4. Kelton, J. G., P. B. Neame, J. Gauldie, and J. Hirsh. 1979. Elevated
platelet-associated IgG in the thrombocytopenia of septicemia. N. Engl.
J. Med. 300:760-674.

5. Kernoff, L. M., K. C. H. Blake, and D. Shackleton. 1980. Influence
of the amount of platelet-bound IgG on platelet survival and site of
sequestration in autoimmune thrombocytopenia. Blood. 55:730-733.

6. Hedge, U. M., E. C. Gordon-Smith, and S. Woriledge. 1977.
Platelet antibodies in thrombocytopenic patients. Br. J. Haematol.
35:113-122.

7. Rosse, W. F. 1983. The quantitative antiglobulin consumption
test. In Immune Cytopenias. R. McMillan, editor. Churchill Livingstone,
Inc., New York.

8. Kelton, J. G., P. J. Powers, and C. J. Carter. 1982. A prospective
study of the usefulness of the measurement of platelet-associated IgG
for the diagnosis of idiopathic thrombocytopenic purpura. Blood.
60:1050-1053.

9. Kelton, J. G., D. Meltzer, J. Moore, A. R. Giles, W. E. Wilson,
R. Barr, J. Hirsh, P. B. Neame, P. J. Powers, I. Walker, F. Bianchi, and
C. J. Carter. 1981. Drug-induced thrombocytopenia is associated with
increased binding of IgG to platelets both in vivo and in vitro. Blood.
58:524-529.

10. Jaeger-Draafsel, E., D. Weigman, and J. J. van Logheur. 1956.
Detection of incomplete platelet antibodies by means of the indirect
antiglobulin test. Vox Sang. 1:78-82.

11. Cines, D. B., and A. D. Schreiber. 1979. Immune thrombocy-
topenia: use of a Coombs antiglobulin test to detect IgG and C3 on
platelets. N. Engl. J. Med. 300:106-111.

12. Sugiura, K., M. Steiner, and M. G. Baldini. 1980. Platelet antibody
in idiopathic thrombocytopenic purpura and other thrombocytopenias.
J. Lab. Clin. Med. 96:640-653.

13. Leporrier, M., G. Dighiero, M. Auzemery, and J. L. Binet. 1979.
Detection and quantification of platelet-bound antibodies with im-
munoperoxidase. Br. J. Haemat. 42:605-611.

14. Nisonoff, A., F. C. Wissler, L. N. Lipman, and D. L. Woernley.
1960. Separation of univalent fragments from the bivalent rabbit antibody
by reduction of disulfide bonds. Arch. Biochem. Biophys. 89:230.

15. Ey, P. L., S. J. Prowse, and C. R. Jenkin. 1978. Isolation of pure
IgG,, IgG2, and IgG2b immunoglobulins from mouse serum using Protein
A-Sepharose. Immunochemistry. 15:429-436.

16. Segal, D. M., and E. Hurwitz. 1976. Dimers and trimers of
immunoglobulin Gcovalently cross-linked with bivalent affinity label.
Biochemistry. 15:5253-5258.

17. Kurlander, R. J., and J. Batker. 1982. The binding of human
IgG, monomer and small covalently cross-linked polymers of immu-
noglobulin to human peripheral blood monocytes and polymorpho-
nuclear leukocytes. J. Clin. Invest. 69:1-8.

18. Glikmann, G., and S. Svehag. 1981. Detection and quantitation
of circulating immune complexes by the Clq-protein A binding assay
(Clq-PABA). Methods Enzymol. 74:571-588.

19. Fraker, P. J., and J. C. Speck. 1978. Protein and cell membrane
iodinations with a sparingly soluble chloramide 1,3,4,5-tetrachloro-3,6-
di-phenylglycuril. Biochem. Biophys. Res. Commun. 80:849-857.

20. Parsons, G. H., Jr. 1981. Antibody-coated plastic tubes in ra-
dioimmunoassay. Methods Enzymol. 73:224-239.

21. Klotz, I. M. 1982. Number of receptor sites from Scatchard
graphs: facts and fantasies. Science (Wash. DC). 217:1247-1249.

22. Scatchard, G. 1949. The attractions of proteins for small molecules
and ions. Ann NYAcad. Sci. 51:660-672.

23. Nachman, R. L. 1968. Platelet proteins. Semin. Hematol. 5:18-
31.

24. Shulman, N. R., C. A. Leissinger, A. Hotchkiss, and C. Kautz.
1982. An in vivo model demonstrating that elevated platelet-associated
IgG is a non-specific consequence of platelet destruction. Blood. 60
(Suppl. l):191a.

496 W. F. Rosse, D. V. Devine, and R. Ware


