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AB STRA CT An IgG antibody found in the serum
of a thrombasthenic patient reacted in complement fix-
ation with platelets from 350 normal individuals but
was nonreactive with platelets from eight other throm-
basthenic patients. ADP-induced aggregation of normal
platelets was inhibited by the patient's antibody. Family
studies using the quantitative complement fixation test
showed that healthy heterozygotes were easily distin-
quishable from normal or thrombasthenic individuals
since their platelets had an intermediate amount of the
reactive antigen. Indirect immunoprecipitation tests
using this serum and soluble membrane antigens labeled
with iodine-125 that had been extracted from normal
platelets by the detergent Nonidet P-40 gave a single
radioactive peak at 120,000 mol wt in sodium dodecyl
sulfate polyacrylamide gel electrophoresis. A similar
estimate of the molecular weight was obtained from
Sephadex G-200 filtration of the soluble antigens ex-
tracted from normal platelets by spontaneous release or
chaotropic agents and tested in complement fixation
with the patient's serum.

These findings strongly suggest that the molecule
recognized by this antibody is absent or structurally
modified in thrombasthenia cases and that it may be in-
volved in platelet aggregation.

INTRODUCTION

Thrombasthenia is an inherited bleeding disorder (1)
characterized by the failure of platelets to aggregate
after various stimuli such as ADP (2, 3). This dis-
order is transmitted as a recessive autosomal trait.
Presumed heterozygous individuals have neither ab-
normal bleeding tendencies nor defective platelet ag-
gregation. Various abnormalities have been described
in this disease (4), and one report suggests that there
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is an unusual pattern of membrane platelet glycoprotein
(5).
We have had the opportunity of studying the serum

of a thrombasthenic patient which reacts with all nor-
mal platelets tested but not with thrombasthenic plate-
lets. This report deals with the characterization of the
antigen involved and with family studies showing a
defect in healthy heterozygous individuals.

METHODS
Patient L had the classical features of thrombasthenia and
suffered mainly from intestinal bleeding. Diagnosis was
established by prolonged bleeding time, impaired clot re-
traction, and the complete failure of platelets to aggregate
either spontaneously or after incubation with ADP. No
other coagulation defects were found, and the number and
morphology of the platelets were normal. At the time of
the study the patient had received no transfusions for 2
yr, but 9 X 1010 of his sister's platelets were infused to study
their survival and to determine the efficiency of platelet
transfusion before major surgery. The sample of serum L
under study was obtained 15 days after this infusion.

Platelets were obtained by differential centrifugation at
40C of blood taken into plastic tubes on disodium EDTA
at a final concentration of 0.5%. They were washed three
times and stored at 40C at a concentration of 2 X 106/hl in
plain saline containing 0.1% sodium azide.

Qualitative complement fixation (6). 2 Al platelets at a
concentration of 5 X 105/Ald, 2 ,A of diluted test serum, and
2 ,Al human complement (C) ' corresponding to two 100%
haemolytic units (CH100) were placed in each well of a
nonwettable microplate (C. A. Greiner und Sbhne, West
Germany) under mineral oil. After mixing and incubation
for 1 h at 370C, 2 1.l of sensitized sheep erythrocytes at a
concentration of 2 X 105/,l were added. After further incu-
bation for 30 min at 370C the plates wert centrifuged, and
the presence or absence of haemolysis was checked.

Quantitative complement microtechnique (7). This assay
is similar to the qualitative one, but different concentra-
tions of platelets (1-6 X 106/test) and of guinea pig com-

plement (1-10 CH100 U) were used. For each platelet con-
centration the number of C units fixed was recorded.

'Abbreviations used in this paper: C, complement; D, last
dilution; V, volume of extract.
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Detection of blocking antibodies (8). 3 X 107 platelets
were incubated with 60 /.d of normal or pathological block-
ing serum for 1 h at 370C. After washing the platelets were
resuspended in 100ll of veronal-buffered saline (pH 7.3).
2 Al of this platelet suspension, 2 pl of complement-fixing
serum L, and 2 1l of guinea-pig complement (1-10 CH100
U) were distributed in microplates and treated as above.
Blocking antibodies were considered to be present when the
C fixation was significantly inhibited by pretreatment of
the platelets by the pathological serum: more than 1.5 C
U difference when compared to C fixation with platelets
pretreated with normal serum.

Fixing activity of soluble antigens. The number of
units with fixing activity was calculated from the volume
of the extract (V) in microliters and the last dilution (D)
of this solution which gives 50%o haemolysis. Serum L
was taken at a standard dilution (1: 5). Fixing activity is
equal to the product of V with the inverse of D.

Elution of specific antibodies from 30 X 109 normal plate-
lets previously sensitized with 3 ml of serum L was per-
formed at pH 3 (9). The volume of eluate obtained was 1.5
ml.

Inhibition of platelet aggregation. Aggregation was es-
timated using Born's photometric method (10). 0.2 ml of
platelet-rich plasma was added to 20 sl of eluate L (1
mg IgG/ml) at various dilutions and aggregation was in-
duced by 10 A1 of ADP (final concentration: 10 Atmol) or by
thrombin, collagen, epinephrine, and ristocetin.

Preparation of soluble membrane antigens. These anti-
gens were obtained either by spontaneous release from
platelets stored at 40C for 8 days to 6 mo or by extraction
with chaotropic agents. Extraction with lithium chloride
was adapted from Marchesi and Andrews' method (11).
Crude membranes were first incubated for 10 min with 0.3 M
lithium chloride (Prolabo, Paris, France) in 0.05 M Tris-
HCl, pH 7.4, and then for 20 min at 4VC after threefold di-
lution. Extraction with 3 M potassium chloride was done us-
ing the method of solubilizing HL-A antigens from lymphoid
cells in culture (12). In both cases soluble extracts were
obtained by centrifugation for 90 min at 165,000 g, dialysis
against a Tris-HCl buffer, 0.05 M, pH 7.4, containing 0.15
M NaCl, and concentration on Amicon PM 10 membrane.

Indirect ininnotoprecipitation of soluble antigens (13).
The labeling of platelet surfaces with iodine-125 by the lac-
toperoxidase method was performed as previously described
by Marchalonis (14). Soluble antigens were obtained by
extraction with the detergent Nonidet P-40 (Shell Chemi-
cal Co., New York) at a final concentration of 0.5% (vol/
vol) (15) in a Tris-HCl buffer, 0.05 M, pH 7.4, containing
0.15 M NaCl and centrifuged for 90 min at 165,000 g. 31%
of the platelet radioactivity was recovered by this process.

60-A.l samples of a 10-ml preparation of soluble antigens
obtained from 100 X 109 platelets were indubated with 20 il
of serum or eluate L (10 and 1 mg of IgG per ml, respec-

tively) for 1 h at 220C and precipitated with excess rabbit
antihuman IgG (1 h at 370C and 24 h at 4VC). The pre-

cipitate was washed three times. Preliminary indirect im-
munoprecipitation curves with serum or eluate L were per-

formed to determine (a) the ratio of anti-IgG antibodies to
serum (or eluate) L, and (b) the ratio of serum to labeled
antigens that gave the maximum precipitate and ensured
total IgG precipitation. No residual antiplatelet activity was

found in the supernates.
Molecular weight determination. The precipitate was

dissolved in 1%S sodium dodecyl sulfate, boiled for 3 min,
and submitted to electrophoresis in 10% polyacrylamide gel
in the presence of 0.1% sodium dodecyl sulfate in an elec-

trode buffer of pH 8.3 (16). Bovine serum albumin (69,000
mol wt; Sigma Chemical Co., St. Louis, Mo.), human IgG
(160,000 mol wt; Miles Chemical Co., Elkhart, Ind.), and
chicken lysozyme (14,600 mol wt; Serva, Heidelberg, West
Germany) were used as molecular weight markers. The gel
was frozen in dry-ice and cut into 2-mm slices. Radioactivity
was calculated using a gamma ray counter (Intertechnique,
France). The controls included normal serum or suitable
anti-HL-A serum instead of serum 1.
Sephadex G-200 filtration of soluble antigens in a Tris-

HCl buffer, 0.05 M, pH 7.4, containing 0.15 M NaCl was
performed on a column of 12 X 0.9 cm calibrated with the
molecular weight markers used above. The elution volume
of the molecule reacting with serum L was determined by
direct complement fixation with serum L, and that of the
HL-A molecule was determined by inhibition of comple-
ment fixation with suitable anti-HL-A antibodies.

RESULTS

The complement fixation reaction with serum or eluate
L and platelets from 350 healthy unrelated individuals
was invariably positive to a dilution of 1: 25. The
results were constantly negative when platelets of
eight other thrombasthenic patients were tested, as well
as with the serum donor's own platelets.
Another sample of the patient's serum, taken 6 mo

after that studied, showed a weak reactivity by com-
plement fixation on normal platelets (up to a dilution
of 1: 5). Blocking antibodies were readily apparent
(2 CH100 U). It is interesting to note that a serum
sample taken 1 yr before the platelet infusion contained
blocking antibodies (2 CH100 U) but no complement-
fixing antibodies. This finding is consistent with the
shortened survival time (less than 24 h) of sister's
platelets.
The eluates obtained from normal platelets sensitized

only with serum L contained IgG antibodies with K and
X chains as shown by double diffusion experiments.
No positive reaction could be detected by lymphocyto-

toxicity or by complement fixation on lymphocytes (150
normal individuals) or on five different cultured lym-
phoblastoid cells. Moreover, the absorption of serum
L by normal lymphocytes did not modify the reaction
with normal platelets. These findings together with the
repeated absence of reaction with platelets from throm-
basthenic patients possessing 17 different HL-A speci-
ficities excluded the possibility that an anti-HL-A
antibody was involved in the reactivity of serum L.
The complement fixation reaction was also positive on
platelets from five plAl`-> and two PlE1(' individuals,
showing that serum L did not recognize PI' or PI
antigens. The antigenic determinant was detected with
the eluate L on platelets from dogs and mice.
The quantitative fixation test performed on normal

platelets showed an increased amount of antigenic re-
activity as they aged. Using 3 X 105 platelets per test,
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one, four, and eight complement units were fixed on
days 0, 2, and 4, respectively. A plateau was reached
on day 4 and remained stable for more than 6 mo.
Platelets from the eight thrombasthenic patients showed
a total lack of reactivity no matter what their age
(Fig. 1).

Similar studies were performed in three different
thrombasthenic families. The complement fixation
curves for the presumably heterozygous relations of
patient L (both parents and one child) showed a re-
activity pattern midway between that of the patient
and that of normal individuals (Fig. 1). In a second
family two children were affected. The two parents
and a sibling had intermediate patterns, whereas an-
other sibling was normal. In a third family, only the
patient's mother was tested. She also showed an inter-
mediate pattern. All thrombasthenic platelets reacted
normally in the complement fixation test with anti-
HL-A antibodies.
The direct complement fixation test could detect the

antigenic determinant on solubilized membrane anti-
gens. Soluble antigens were obtained from whole plate-
lets or from crude membranes either by spontaneous
release or by chaotropic agents. The antigenic yield
was measured by its C fixing activity. The highest yield
(25,000 U of fixing activity for 20 X 109 platelets) was
obtained using lithium chloride. When potassium chlo-
ride or spontaneous release were used, the yield was
12,500 U and 5,000 U, respectively, for the same num-
ber of platelets.
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FIGURE 1 Curves of quantitative complement fixation on
platelets with serum L. The maximum number of CH100
units fixed was noted for each quantity of platelets. (I).
Platelets from eight thrombasthenic patients (identical re-
sults for each patient). (II). Platelets from seven heterozy-
gous individuals. The two lower curves were highly sug-
gestive of a single gene expression. (III). Platelets from
10 normal individuals (bars represent 1 SD). The fixation
of one C unit observed with the serum alone was due to
a weak anticomplementary activity in the serum.
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FIGURE 2 Electrophoresis in sodium dodecyl sulfate acryla-
mide gel of precipitates formed between 60 Al of soluble
platelet antigens and 20 1Al of eluate L ( * ) or 20
,ul of normal serum (0 O) in the presence of an excess
of rabbit antihuman IgG antibodies. The radioactivity peak
corresponds to a protein of 120,000±5,000 daltons. Molecu-
lar weight markers incorporated into the gel were human
IgG (IgG), bovine serum albumin (BSA), and hen egg
white lysozyme (L). BPB, bromophenol blue.

The molecular weight of the molecule bearing the
antigenic determinant reacting with serum L was de-
termined by Sephadex G-200 filtration. It was approxi-
mately 120,000+12,000 no matter what method of pre-
paring soluble antigens was used. In these studies the
simultaneous estimation of the molecular weight of
the HL-A molecule gave the expected value of 50,000
+-12,000 (15).
Using serum or eluate L, indirect specific immuno-

precipitation of soluble antigens labeled with iodine-125,
extracted by the detergent Nonidet P-40 and electro-
phoresis on sodium dodecyl sulfate polyacrylamide gel,
showed a single radioactive peak accounting for 1%
of the total antigens labeled, thus corresponding to a
molecule of 120,000+5,000 (Fig. 2). The control, using
normal serum, gave no peak.
ADP-induced aggregation of normal platelets was

completely inhibited by eluate L up to a dilution of
1: 20. Thrombin, collagen, and epinephrine also in-
hibited aggregation but ristocetin did not.

DISCUSSION
The antiplatelet antibodies found in a polytransfused
thrombasthenic patient were clearly different from the
usual complement fixing platelet antibodies which are
directed against HL-A or ABO antigens or, more
rarely, against Pl' or Pin' (9). A previous report (17)
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of shortened survival of ABO and HL-A matched
platelets in another thrombasthenic patient may have
suggested the existence of a similar antibody, but this
could not be proved by in vitro experiments. The anti-
bodies found in serum L recognized an antigenic de-
terminant present on normal human, mouse, and dog
platelets but clearly absent from those of other throm-
basthenic patients.
A quantitative study of platelets from families af-

flicted with thrombasthenia indicated an intermediate
amount of antigen in the parents and children of pa-
tients. Although this is an autosomal recessive disease,
on clinical grounds the ability to distinguish between
normal and heterozygous individuals in a thrombas-
thenic family may be of practical importance in spite
of the low gene frequency of the thrombasthenic trait.
These findings strongly suggest that the antigenic

determinant absent from thrombasthenic patients is
born by a molecule involved in platelet aggregation.
This hypothesis is supported by the fact that APD-
induced aggregation of normal platelets is inhibited by
eluate L.

Isolated human platelet membranes have previously
been shown to contain a heterogenous group of poly-
peptides of different classes of molecular weight rang-
ing from 10,000 to 250,000 (18-20). Only a few of these
membrane proteins have as yet been isolated, and their
functional properties are still unknown.
The molecular weight of the molecule bearing the

antigenic determinant under study was estimated by
two different methods (Sephadex G-200 filtration of
soluble membrane extracts and electrophoresis in so-
dium dodecyl sulfate polyacrylamide gel). It averages
120,000. Inasmuch as a 10% acrylamide gel was used,
the molecular weight estimation would not be inaccu-
rate even if the antigen is a glycoprotein (21). This
protein seems clearly to be different from the protein
of 80,000 daltons (thrombosthenin) studied by Nach-
man and Ferris (22). Nurden and Caen's work (5)
suggest that one of the three major glycoproteins in
normal platelet extracts was missing from the platelets
of three thrombasthenic patients. The molecular weight
of this protein was approximately 135,000.
Our data demonstrate that thrombasthenic patients

have a molecular defect. It cannot be shown whether
the gene products are indeed absent or merely non-
functional, and further studies involving purification of
the component from normal platelets are required to
characterize its properties more fully.
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