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Abstract

Patient C.M. presented platelet function defects symptomatic of
Glanzmann's thrombasthenia. However, analysis of surface-la-
beled platelets by SDS-polyacrylamide gel electrophoresis re-
vealed the usual presence of the major glycoproteins, including
GPIIb and GP i1la. Platelet fibrinogen was not detected. Anal-
ysis of Triton X-100 extracts of Ca2"-washed C.M. platelets by
crossed immunoelectrophoresis (CIE) showed normal amounts
of GPIIb-IlIa complexes. However, when samples were elec-
trophoresed through an agarose gel containing "2I-fibrinogen,
the usual binding of fibrinogen to GP fib-IIIa did not occur.
Furthermore, the GPIIb-IIIa complexes showed an increased
sensitivity to dissociation with EDTA, either after Triton X-100
solubilization or in the intact platelet membrane. For example,
after incubation with EDTAat room temperature, the patient's
platelets bound little of the monoclonal antibodies AP-2 or T10
(anti-GP IIb-IIIa complex) although normally binding Tab
(anti-GP fib). Patient C.M. appears to represent a subgroup of
thrombasthenia where platelets contain unstable GPHib-HlIa
complexes unable to support fibrinogen binding.

Introduction

Glanzmann's thrombasthenia is a rare blood disorder charac-
terized; in vitro, by the absence of platelet aggregation in response
to ADPand other physiologic agonists (1, 2). Numerous studies
suggest that the hemorrhagic tendency arises from the inability
of the platelets to adhere one with another after activation, with
the result that thrombus formation does not occur (reviewed in
reference 3). In most patients, platelets are also unable to support
clot retraction.

In 1974, Nurden and Caen described glycoprotein (GP)I ab-
normalities when membrane fractions isolated from the platelets
of three patients were analyzed by SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) (4). It is now generally recognized that
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a major lesion of thrombasthenic platelets is the absence, or
severe reduction in concentration, of membrane GPIlb and GP
IIIa (3, 5-8). Platelet fibrinogen is also often absent or decreased.
The finding that fibrinogen binding to ADP-stimulated throm-
basthenic platelets was defective (9-12) was initial evidence that
the missing GPs might constitute part of the platelet fibrinogen
receptor. When solubilized from platelet membranes with non-
ionic detergent, GPfib and GPlila are present as divalent cation-
mediated heterodimer complexes (13, 14). A number of mono-
clonal antibodies have been prepared that recognize determinants
on GP Ilb-lIla (15); with some, the binding sites are lost after
divalent cation chelation and GPfib-Ha dissociation. Two such
antibodies are AP-2 (16) and TIO (17). An extensive binding of
these antibodies to unstimulated platelets implies that IIb-IIIa
heterodimers are a normal constituent of the circulating platelet
membrane. Thus, thrombasthenia may be seen essentially as a
disorder of the GP ib-IIIa complexes.

Functional heterogeneity in Glanzmann's thrombasthenia
was first noted by Caen (2) who proposed two patient subgroups,
with the rare type II patients differing from those with type I
disease in that their platelets were able to support a modified
clot retraction and possessed appreciable amounts of platelet
fibrinogen. Subsequent studies using crossed immunoelectro-
phoresis (CIE) revealed that platelets of the type I patients lacked,
or merely contained trace amounts of GPIIb-IIIa complexes
(6, 8, 18, 19), whereas platelets of patients in the type II subgroup
contained more of these GPs (6, 19). Recent preliminary reports
have also described patients with at least 50% of the normal
content of GPIIb and GPHiUa in their platelets, while exhibiting
all of the clinical and platelet function abnormalities typical of
Glanzmann's thrombasthenia (20-23). Wenow describe studies
on one such patient whose platelets contain GPIlb-I11a com-
plexes that are unusually susceptible to dissociation by EDTA
and that are unable to support fibrinogen binding. It is proposed
that the patient represents a new variant or subgroup of the
disease.

Methods

Subjects. The patient (C.M.) was referred to us as a typical case of type
I Glanzmann's thrombasthenia (1, 2). A white female now 24 yr old,
she has experienced bleeding since birth. The first major event occurred
after a fall when she was 2 yr old. Bleeding episodes have since continued
at irregular intervals, and have featured severe epistaxis, spontaneous
gingival bleeding, and hemorrhagia. Although she has received blood
transfusions on several occasions, tests for anti-platelet antibodies have
always been negative. The patient has been examined by us on four
occasions over 5 yr. Her platelet count was normal, 2 X 101 platelets/
ml at the last time of study. White cell and red cell counts were also
normal. The Duke bleeding time was prolonged (> 10 min). Ristocetin-
induced platelet aggregation was normal in both patient and control
plasma, other platelet function studies are described in the text. Routine
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tests showed no plasma or coagulation factor abnormalities. There is no
family history of a bleeding disorder and platelet function of both parents
was normal. Consanguinity has been excluded. Control donors were
adult volunteers from hospital staff.

Platelet function testing. Platelet aggregation in citrated platelet-rich
plasma (PRP) was studied in a Payton platelet aggregometer (Payton
Scientific Inc., Buffalo, NY) using standard procedures. Washed platelets
were prepared from acid citrate dextrose (ACD) anticoagulated blood
using the buffer systems of Patscheke (24) as adapted by Legrand et al.
(25). The platelets were finally resuspended in a modified Tyrode buffer
(Tyrode-Ca2") which consisted of 137 mMNaCl, 3 mMKCl, 12 mM
NaHCO3, 0.3 mMNaH2PO42H20, 2 mMCaCI2, I mMMgCI2, 5.5
mMglucose, 5 mMHepes (pH 7.4), and 0.35% wt/vol bovine serum
albumin (BSA). On occasion, platelets were prelabeled by incubating
the PRP with 0.6 MM['4C]serotonin (40 mCi/mmol; Radiochemical
Centre, Amersham, England) for 30 min at 370C. Aggregation was studied
at 370C with constant stirring (1,100 rpm) using samples adjusted to 3
X 108 platelets/ml. Stimuli used included 1-10IM ADP(disodium salt;
Sigma Chemical Co., St. Louis, MO)in the presence of 200 Mg/ml dialysed
human fibrinogen (Kabi Diagnostics, Stockholm, Sweden), 12.5-50.0
pg/ml polymerized type I calfskin collagen (from Dr. Y. Legrand, H6pital
Saint-Louis, Paris) and 0.05-1.00 U/ml human a-thrombin (from Dr.
M. C. Guillin, Faculte Bichat, Paris). The purity of the collagen prepa-
ration has been previously assessed (25) while the purified human a-
thrombin had an activity of 3,000 NIH U/ml protein. Samples were
taken after 3 min for ['4C]serotonin release (25). Clot retraction was
studied by incubating I ml of citrated PRP, diluted twice with 0.15 M
NaCl, with 0.5 U thrombin in glass tubes at 37°C for I h.

Fibrinogen binding to stimulated platelets. Fibrinogen binding to
ADP- or collagen-stimulated platelets was studied as previously described
by us (25, 26). Briefly, washed platelets at 6 X 108/ml, prepared as given
above, were mixed with upwards of 20 Mg/ml ['25I]fibrinogen followed
by 10MMADPor 50 Mg/ml collagen. Incubation was continued without
agitation (ADP) or with stirring at 200 rpm (collagen) (see reference 26)
for up to 30 min at room temperature. At selected times, duplicate sam-
ples were removed and the platelets sedimented through a dibutyl-
phthalate and dioctylphthalate (1:1 vol/vol) oil layer. Platelet-associated
radioactivity was measured in a gammacounter (model 7,000; Beckman
Instruments, Inc., Gagny, France). Nonspecific binding was determined
by performing parallel incubations in the absence of added ADPor col-
lagen. This amounted to < 15% of the total binding. Results are given
as the specific binding, which was calculated by subtracting the nonspecific
from the total binding. The 1251-fibrinogen preparation used in these
experiments had a specific activity of 40 MCi/mg protein, its character-
ization has been detailed previously (25).

Radiolabeling of platelet membrane glycoproteins. Here, blood was
taken into EDTAanticoagulant and platelets isolated according to the
procedures of Nurden et al. (27). The platelets were washed three times
in 10 mMTris-HCI, 0.15 MNaCl, 5 mMglucose, and I mMEDTA
(pH 7.4) (Tris-EDTA). Lactoperoxidase-catalyzed '251-labeling of the
platelet surface proteins was then performed as previously described
(27, 28). The labeling procedures for incorporating 3H into the surface
exposed carbohydrate chains of platelet membrane glycoproteins were
those of Nurden et al. (28). Briefly, washed control and patient platelets
suspended at 109/ml in phosphate-buffered saline (pH 7.4) were incubated
sequentially with neuraminidase, galactose oxidase, and sodium
[3Hlborohydride; or galactose oxidase and sodium [3H1borohydride alone.

One dimensional SDS-PAGE. Washed, unlabeled, '25I-labeled or 3H-
labeled platelets were resuspended at 2 X 109 platelets/ml in 10 mM
Tris-HCl, 0.15 MNaCl, and 5 mMN-ethylmaleimide (pH 7.0). A 1/5-
vol of 12% (wt/vol) SDSwas added and the samples solubilized by heating
at 100°C for 5 min. When performed, disulfides were reduced by in-
cubating SDS-soluble extracts at 37°C for 1 h with 5% (vol/vol) 2-mer-
captoethanol. Samples were electrophoresed on 7-12 or 7-20% gradient
acrylamide slab gels as detailed previously (27, 28). Proteins were located
by Coomassie Blue R-250 (CB-R) staining, '251-labeled proteins on
dried gels by autoradiography (27) and 3H-labeled proteins by fluorog-
raphy (28).

High resolution two-dimensional acrylamide gel electrophoresis.
Suspensions of '25l-labeled platelets were prepared and solubilized with
SDS as described above. Nonreduced samples (200 Mg protein) were
made 9 Mwith urea and 8% (vol/vol) with Triton X-100. Isoelectric
focusing on 4% acrylamide rod gels was performed according to the
procedure of Amesand Nikaido (29). After the first-dimension separation,
individual gels were incubated for I h at room temperature in 2%SDS
and 5% 2-mercaptoethanol before being placed onto 7-12% gradient
acrylamide slab gels. The second-dimension electrophoresis was then
performed as previously described by us for the two-dimensional non-
reduced/reduced system of SDS-PAGE(27). Protein was detected by
CB-R staining and '25I-labeled glycoproteins by autoradiography.

CIE. Initial experiments were performed on platelets isolated from
EDTA-anticoagulated blood and washed in Tris-EDTA (see Results). In
subsequent studies, blood was anticoagulated with ACDand platelets
isolated as described in "Platelet Function Testing." Here, platelets were
washed in (a) 36 mMcitric acid, 5 mMglucose, 5 mMKCI, 2 mM
CaCl2, I mMMgCl2, 103 mMNaCl, 3.5 mg/ml BSA, 100 nM PGE1,
and 25 Mg/ml apyrase (pH 6.5) (buffer A) (25), or (b) in the same buffer
at pH 7.4 but with the divalent cations omitted and replaced by 1 mM
EDTA. The pH was raised to pH 7.4 to maintain the chelating capacity
of the EDTA.

Platelets washed by either method were resuspended at 6 X 109/ml
in 0.038 MTris-HCl and 0.1 Mglycine (pH 8.7) (Tris-glycine) and sol-
ubilized at 4°C by addition of a 1/10 vol of 10% (vol/vol) Triton X-100
in Tris-glycine (6, 8). On occasion, solubilization was performed in the
additional presence of a cocktail of protease inhibitors consisting of 0.5
mg/ml leupeptin (Sigma Chemical Co., St. Louis, MO), 1 mMphenyl-
methylsulfonyl fluoride, 10 mMbenzamidine, and 100 Mg/ml soybean
trypsin inhibitor. CIE of the Triton X-100-soluble extracts was performed
according to our previously described procedures with trace amounts of
'251-labeled monoclonal antibodies (detailed below) in the intermediate
gel and the isolated IgG of a rabbit anti-whole platelet antiserum in the
superior gel (13, 16, 17). In some experiments, small amounts of 1251_
fibrinogen (specific activity in the range 50-200 cpm/ng protein) were
incorporated into the intermediate gel and the binding of fibrinogen to
GP IIb-IIla complexes studied. For these experiments, anti-fibrinogen
antibodies were first removed from the rabbit anti-human platelet an-

tibody preparation by passing the immunoglobulins across an affinity
column prepared by coupling fibrinogen to CNBr-activated Sepharose
4B (Pharmacia Fine Chemicals Div., Pharmacia Inc., Uppsala, Sweden)
according to the manufacturer's instructions. Further details of the
amounts of radiolabeled monoclonal antibody or fibrinogen in the in-
termediate gel are given in the figure legends. Immunoprecipitates were

revealed by CB-R staining and those containing antigens reactive with
radiolabeled proteins by autoradiography.

Direct binding of'251-labeled monoclonal antibodies to platelets. Three
antibodies were used in these experiments. Table I summarizes their
characteristics. AP-2 was kindly made available by Drs. R. Montgomery
and T. Kunicki (Blood Center of Southeastern Wisconsin, Milwaukee,
WI). T1O and Tab were generously provided by Dr. R. McEver (Uni-
versity of Texas Health Science Center, San Antonio, TX). Samples (0.5
mg) of isolated IgG were radiolabeled with 125I using the chloramine T
Method (16). Free '25l was separated from the radiolabeled IgG by gel
filtration through a Sephadex G25 column (Pharmacia Fine Chemicals
Div., Pharmacia Inc.). Specific activities of the labeled antibodies ranged
from 200 to 700 cpm/ng protein. Binding of the labeled antibodies to
platelets was measured using the procedure of Pidard et al. (16) with
slight modifications. Platelets were isolated from ACDanticoagulated
blood and washed in buffer A (see previous section). They were resus-

pended in Tyrode-Ca2' or in the same buffer in which divalent cations
were omitted and replaced by I mMEDTA (Tyrode-EDTA). Platelet
concentrations were adjusted to 108/ml. Aliquots (0.3 ml) were incubated
at room temperature for 30 min before being mixed with '251I-antibody
(0.5-5.0 ug/ml) added in a total volume of 0.06 ml. After 30 min at

room temperature, duplicate volumes (0.16 ml) of each reaction mixture
were layered over 0.5 ml of 20% (wt/vol) sucrose dissolved in the ap-
propriate platelet resuspension buffer. The platelets were separated by
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Table L SomeCharacteristics of the Monoclonal Antibodies Used in this Study

Binding to washed platelets
Antigenic

Antibody determinant kD Effect of EDTA Reference

No. of sites nM

AP-2 GPIIb-I1Ia 39,400±5,800 0.81 None Pidard et al. (1986)
T1O GPIIb-IIIa 50,600±5,600 8.6 50-60% inhibition at I h McEver et al. (1983)
Tab GPIlb 47,800+11,200 6.2 None McEver et al. (1983)

Data for the binding of 25I-labeled antibodies to washed platelets as given by the original authors. The effect of EDTAon antibody binding was
studied at room temperature.

centrifugation at 12,000 g for 2 min (16). The radioactivities in both the
pellet and supernatant were measured in a gammacounter (model 7,000;
Beckman Instruments, Inc., Fullerton, CA). Nonspecific binding was
assessed in parallel tubes in the presence of a 250:1 excess of unla-
beled antibody. This value was subtracted from the total bound counts
per minute to give the specific binding. Nonspecific binding amounted
to < 2% of the total binding. Scatchard analysis was performed as de-
scribed (16).

Results

Platelet function testing. Fig. 1 confirms that C.M. platelets in
PRPdid not aggregate with ADP. Further studies with PRPor
washed platelet suspensions showed that the patient's platelets
also failed to aggregate with collagen or thrombin at any of the
doses tested (see Methods). In contrast, platelet shape change
occurred normally. When tested with washed platelets, release
of '4C-5HT from dense granules was normal with all but thresh-
old amounts of collagen (12.5 Mg/ml) and thrombin (0.05
U/ml) when little release was observed. Thrombin-induced clot
retraction by C.M. platelets was markedly abnormal (Fig. 1).
Whereas the clot in the control samples retracted within 10 min,
C.M. platelets failed to support retraction even after 1 h at 37GC.

'25I-fibrinogen binding to stimulated platelets. Fibrinogen
binding to washed C.M. platelets was assessed in the presence
of 10 MAMADPand a range of '25I-fibrinogen concentrations.

Fig. 2 shows that no specific binding was observed, even under
conditions where a saturation of receptors on control platelets
was achieved. Wehave previously shown that normal human
platelets washed according to the method used in the present
study express 18,120±6,850 sites for fibrinogen (kD = 0.49±0.17
,MM) after stimulation with 10 MMADP(25). The inability of
ADPto induce fibrinogen receptor expression on C.M. platelets
was confirmed on three separate occasions over a period of 2
yr. Once, fibrinogen binding was also studied over 30 min in
the presence of 50 Mg/ml collagen. Specific binding was < 10%
of that which occurred to normal platelets (see reference 25)
under the same conditions (data not shown).

Analysis of platelet proteins and GPs by one-dimensional
SDS-PAGEand two-dimensional acrylamide gel electrophoresis.
Fig. 3 compares autoradiographs and CGR-stained gels obtained
after the analysis of '25I-labeled C.M. and control platelets. The
respective autoradiographs are identical, with bands in the po-
sitions of GP Ilb and GP Ila dominant on the C.M. platelet
pattern. CB-R staining confirmed the presence of GP Ilb, this
band being identified by its migration (Mr = 142,000), and its
absence from the pattern obtained for type I thrombasthenic
platelets (see reference 3). GP1Ila co-migrates with other poly-
peptides under these conditions and could not be distinguished
by CB-R staining. However, a severe reduction in the fibrinogen
content of C.M. platelets was revealed. All other major poly-
peptides were normally detected. The above experiments were
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Figure 1. Abnormal function of C.M. platelets. Platelet aggregation
was studied in citrated PRP(3 X 108 platelets/ml) after addition of 10
MMADPin a platelet aggregometer. Clot retraction was investigated

by incubating diluted citrated PRPwith 0.5 U thrombin in glass tubes
at 370C for 1 h. Cont., control.
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Figure 2. Fibrinogen-binding defect of C.M. platelets. Washed control
and C.M. platelets (5 X 108/ml) were incubated at room temperature
in the presence of 10 MMADPand increasing amounts of '251-fibrino-
gen. After 30 min, the platelets were separated from the reaction mix-
ture by centrifugation through oil. The total radioactivity in the pellet
was measured and the specific binding of 'lI-fibrinogen to the plate-
lets was calculated (see Methods). Each point represents the mean of
triplicate determinations.
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Figure 3. One-dimensional electrophoresis of the proteins and '25I-la-
beled surface glycoproteins of C.M. and normal human platelets.
Washed platelet suspensions were incubated with 1251 and the mem-
brane glycoproteins labeled by the lactoperoxidase-catalyzed iodin-
ation procedure (see Methods). Samples (100 ,g) of nonreduced pro-
teins were separated by SDS-PAGEon 7-12% gradient acrylamide
slab gels. Typical autoradiographs ('1251) and stained protein patterns
(CB-R) are illustrated. Fg, fibrinogen. Numbers at left, M, X 10-3.

repeated with platelets labeled with 3H incorporated into the
surface exposed carbohydrate chains of the membrane glyco-
proteins (see Methods). The labeling intensities of the major
glycoproteins of control and C.M. platelets were compared by
densitometric scanning after fluorography. The patterns were
indistinguishable, and were similar to those previously described
by us for normals (27). In particular, the analysis after disulfide
reduction showed the usual presence of both the a- and ,8-sub-
units of GPHIb in C.M. platelets.

In a further attempt to uncover structural defects in GPlIb
and/or GP Illa, detergent-soluble extracts of '251I-labeled C.M.
platelets were analyzed by high resolution two-dimensional gel
electrophoresis incorporating isoelectric focusing in the first di-
mension. Fig. 4 reveals a normal migration and isoelectric point
for GPHIb and GPIIIa of C.M. platelets.

CIE. Initial investigations were performed using platelets
washed in Tris-EDTA as in our previous studies using this tech-
nique (6, 8, 13, 19) and in the SDS-PAGEexperiments described
above. Fig. 5 compares the autoradiographs obtained after the
analysis of Triton X-100 extracts of '251-labeled C.M. and control
platelets. A striking decrease in the size of the GPlIb-Ila pre-
cipitate was a marked feature of the C.M. platelet pattern. Ad-
ditional precipitates in positions similar to those previously
identified as containing dissociated GP Ilb and GP I11a (13)
were clearly apparent. CB-R staining (not shown) revealed the
decreased content of GPIIb-IIIa complexes but did not permit
the detection of the additional precipitates, which were in part
masked by others in this region of the gel. CB-R staining, how-
ever, confirmed the decreased fibrinogen content of C.M. plate-
lets previously illustrated in Fig. 3. Performing the detergent
solubilization in the presence of a cocktail of protease inhibitors
(see Methods) did not restore the normal GPIIb-IIIa precipitate
to the C.M. platelet pattern. Analysis of the Triton X-100-soluble

Figure 4. Two-dimensional electrophoresis of the '251-labeled surface
glycoproteins of C.M. and normal human platelets. SDS-soluble ex-
tracts (200 lg protein) of radiolabeled platelets were made 9 Mwith
urea and Triton X-100 added to give a 4:1 ratio with respect to the
SDS. After first-dimension separation by isoelectric focusing, the gels
were incubated with 2%SDSand 5%2-mercaptoethanol during 1 h at
room temperature. Second-dimension separation of the reduced pro-
teins was by SDS-PAGEusing 7-12% gradient acrylamide slab gels.
Typical autoradiographs obtained from dried CB-R-stained slab gels
are illustrated. Only those areas of the autoradiographs that show the
major membrane glycoproteins are shown.

and insoluble fractions of C.M. platelets by SDS-PAGEshowed
a usual > 90% solubilization of GPIlb and GPlIla by the non-
ionic detergent.

Ib- lb Figure 5. Analysis of the
'251-labeled surface gly-

llb coproteins of C.M.
â ^ platelets by CIE. After

Â radiolabeling, EDTA-
washed platelets from

i lib-Illa lib-Ili* C.M. and a control do-
Ili nor were solubilized

C. M. CONTROL with Triton X- 100 and
the soluble proteins (100

Mg) separated by a first-dimension electrophoresis in agarose. Second-
dimension electrophoresis was performed across an intermediate gel
without antibody into an upper agarose gel containing 750 Mg/cm2 of
the immunogjobulin fraction of a rabbit anti-human platelet serum.
Immunoprecipitates containing 251-labeled membrane glycoproteins
were located by autoradiography. A decreased size of the precipitate
containing GPIlb-IIIa on the C.M. platelet pattern is accompanied by
the appearance of precipitates in the positions of dissociated GPIlb
and GPMIla.
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Further experiments were performed to confirm the iden-
tification of the precipitates highlighted on Fig. 5. This confir-
mation was achieved using Triton X-100 extracts of unlabeled
platelets and '25I-labeled monoclonal antibodies in the inter-
mediate gel. TlO, which is specific for GPIIb-HIa complexes
( 17), labeled only the residual precipitate present in the IIb-IIIa
position on the C.M. platelet pattern (Fig. 6). AP-2, a different
antibody with a similar specificity (16), behaved identically (not
illustrated). In contrast, Tab, which recognizes dissociated GP
Ilb (17), labeled both the residual GPIIb-IIIa complexes in in-
creased amounts and the precipitate in the position of dissociated
GP I1b.

The above results suggested that either circulating C.M.
platelets contained appreciable amounts of dissociated GPIlb
and GPIlla, or that complex dissociation was occurring during
the experimental procedures leading to the CIE. Platelets were
therefore isolated in the presence of divalent cations and Triton
X- 100 extracts analyzed by CIE. Fig. 7 shows that GPIIb-IIIa
complexes were normally present in C.M. platelets isolated in
this way. The additional precipitate located by Tab in Fig. 6 was
no longer present. The GPIlb-IIIa complexes were also normally
observed by CB-R staining.

The following experiments were performed to see if the GP
IIb-IIIa complexes of C.M. platelets were more sensitive to di-
valent cation chelation in solution. Previous studies have shown
that at 4VC and pH 8.7, EDTA induces a slow dissociation of
GP IIb-IIIa complexes in Triton X-100 extracts of normal
platelets (30, 31). Fig. 8 illustrates the effect of a 1-h incubation
with 5 mMEDTAon GPIlb-IIIa complexes solubilized from
control and C.M. platelets isolated in the presence of calcium.
Whereas 125I-Tab detected only small amounts of dissociated
GPIlb in the control platelet extracts, a complete dissociation
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Figure 6. CIE of EDTA-washed platelets with 1251-TIO or 1251-Tab in
the intermediate gel. Experimental details were as described in the leg-
end to Fig. 5 with the exception that the intermediate gel contained I
X 106 cpm/cm2 1251I-TIO or '25I-Tab and the initial solubilization of
the platelets by Triton X- 100 was performed in the presence of pro-
tease inhibitors (see Methods). Unlabeled platelets were used in these
experiments. Precipitates containing radiolabel were identified by au-
toradiography.
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Figure 7. Detection of GPIIb-IIIa complexes in Triton X-100 ex-
tracts of C.M. platelets isolated in the presence of calcium. Experi-
mental details for the CIE were as described in the Methods section
and in the legend to Fig. 6. The intermediate gels contained '251-TIO
or 1251-Tab and the bound antibody was located by autoradiography.

of the GP IIb-IIIa complexes of C.M. platelets had occurred.
No T IO or AP-2 binding precipitate remained (not illustrated).
Other studies showed an approximate 80% dissociation of GP
IIb-IIIa of C.M. platelets using 1 mMEDTAfor 1 h under these
conditions, while no dissociation was observed with a mixture
of 2 mMEDTAand 5 mMCaCl2.

Monoclonal antibody binding to intact platelets. These studies
were designed to illustrate whether EDTA-induced modifications
of GP IIb-IIIa actually occurred in the surface membrane of
C.M. platelets. Binding studies were performed using '25I-labeled
T10, AP-2, or Tab and platelets that had been washed in the
presence of divalent cations but were incubated in Tyrode-Ca2+
or Tyrode-EDTA for 30 min at room temperature before the
addition of the antibody. The number of binding sites expressed
by C.M. platelets for each antibody was calculated and Table II
gives the results. In our binding assay, AP-2 binds to
39,400±5,800 sites on control platelets and the number is un-
changed after divalent cation chelation (see Table I and reference
31). As Table II shows, the binding of AP-2 to C.M. platelets in
the presence of Ca2+ was in the normal range, yet after divalent
cation chelation the binding was reduced to < 10% of this level.
TO0behaved similarly to AP-2, with few binding sites expressed
on C.M. platelets after EDTA treatment. In contrast, binding
of Tab to C.M. platelets was identical with or without divalent
cation chelation, showing that GPIlb remained exposed at the
platelet surface in the presence of EDTA. The number of binding
sites for T10 and Tab on control platelets under our conditions
did not differ from those reported in Table I.

Binding of "I-fibrinogen to GPJib-IIIa complexes. It was
crucial to know whether the GP I111-ila complexes present in

CONT ROL C . M. Figure 8. Dissociation of
GP lIb-Illa in Triton

fib fib-filea l~bX-100 by EDTA. Ca2+-
washed normal human

_ _ and C.M. platelets were
i i 0_w solubilized with Triton

X-100 in the presence of
4 protease inhibitors.

0 125 1 - Tb 0 125i - Tab Samples of the Triton

X-100-soluble proteins
(6 mgprotein/ml) were incubated with 5 mMEDTAfor 1 h at 4GC.
CIE was performed with 251I-Tab in the intermediate gel and the
bound antibody detected by autoradiography. The absence of Ilb-IIIa
complexes from the C.M. platelet pattern is highlighted (open arrow).

966 A. T. Nurden, J.-P. Rosa, D. Fournier, C. Legrand, D. Didry, A. Parquet, and D. Pidard



Table I. Monoclonal Antibody Binding to CM. Platelets

Binding in presence Binding in presence
of Ca2+ of EDTA

Antibody kD kD

No. of sites nM No. of sites nM

AP-2 38,900 1.88 2,540 0.41
T1O 54,400 8.4 3,720 5.6
Tab 43,900 4.5 52,000 1.8

The binding of increasing concentrations of 1'2I-labeled antibodies to
washed platelets together with the Scatchard analysis of the data was
performed as detailed in the Methods section. Platelets in Tyrode-Ca2'
or Tyrode-EDTA were incubated at room temperature for 30 min be-
fore the assay.

C.M. platelets in a Ca2'-containing medium were capable of
binding fibrinogen. Gogstad et al. (32) have shown how GPIlb-
IlIa complexes of normal platelets bind "'I-fibrinogen when the
ligand is incubated with washed, unstained agarose gels after
CIE. Fig. 9 illustrates how we have simplified this procedure by
putting radiolabeled fibrinogen into the intermediate gel during
the second dimension electrophoresis. A binding of "'1I-fibrin-
ogen to GPIIb-IIIa complexes of normal platelets is observed.
The position of the GP IIb-IIIa precipitate was confirmed by
performing parallel experiments with "'2I-AP-2 in the interme-
diate gel. In contrast, GP IIb-IIla complexes in Triton X-100
extracts of Ca2'-washed C.M. platelets failed to bind fibrinogen.
This suggests that a direct structural defect in the complexes
may account for the lack of the aggregation response. As a pre-
caution against the binding of 125I-fibrinogen to anti-fibrinogen
antibodies trapped nonspecifically in the GPHIb- IIa precipitate,
these experiments were performed using a rabbit anti-human
platelet antibody preparation that had been passed through a
fibrinogen-Sepharose 4B affinity column. As would be expected,
incubation of Triton X-100-soluble extracts of normal platelets
with EDTAbefore the first dimension electrophoresis resulted
in a loss in the fibrinogen-binding properties of the dissociated
complex (not illustrated).

CONTROL

lib-Itla

125 1 -Fg

0

0 Fq
0~b

Figure 9. Binding of fibrinogen to GPHIb-I1a complexes. Ca2'-
washed normal human and C.M. platelets were solubilized with Tri-
ton X-100 in the presence of protease inhibitors. CIE was performed
as described in the legend to Fig. 6, with the exception that 1 X 106

cpm/cm2 "12-fibrinogen ("'2I-Fg) was incorporated in the intermediate
gel. Bound fibrinogen was revealed by autoradiography.

Discussion

Patient C.M. has platelets with functional abnormalities typical
of Glanzmann's thrombasthenia (reviewed in reference 3).
Platelet aggregation was defective and ADPfailed to induce fi-
brinogen receptor expression on the platelet surface. A similar
defect was observed with collagen, while thrombin failed to in-
duce aggregation or clot retrction. Other platelet responses were
essentially normal showing that the platelets were not refractory
to the agonists. A weak dense granule secretion to low doses of
collagen or thrombin was apparent, but this has also been ob-
served in patients with type I thrombasthenia (33) and may be
related to the absence of aggregation. This may explain why
Coller et al. (34) were able to partially inhibit dense granule
secretion with a monoclonal antibody to GPIIb-IIa that com-
pletely blocked aggregation and fibrinogen binding.

Despite the platelet function defects, and a low level of plate-
let fibrinogen, no membrane glycoprotein abnormalities were
apparent on analysis of either 'H- or 125I-labeled C.M. platelets
by one-dimensional SDS-PAGE, or high resolution two-dimen-
sional acrylamide gel electrophoresis. In particular, the CB-R
staining intensities, migration rates, and isoelectric points of GP
Ilb and GP MIla were indistinguishable from those of control
platelets. Quantitative studies have shown the presence of in-
termediate levels of GPlIb-Illa in obligate carriers among family
members of patients with type I Glanzmann's thrombasthenia
(see references 3 and 8). Such results assert a link between the
inheritance of the disorder and the GP abnormality. The im-
plication is that newly described variants, such as patient C.M.,
possess structural defects in GPIlb and/or GPIIIa or have other
membrane abnormalities that prevent the normal functioning
of GP IIb-IIIa complexes.

Evidence for a membrane defect in C.M. platelets first came
from CIE, when analysis of platelets isolated in EDTA-containing
buffers revealed a low content of GP Ilb- IIa complexes and
precipitates in the positions of dissociated GP Ilb and GP lila.
This was unusual, because GP Ilb and GP i11a are normally
solubilized from human platelets by nonionic detergent as the
divalent cation-mediated heterodimer, and addition of EDTA
(or EGTA) to the complexes in solution is required for disso-
ciation of the individual glycoproteins (13, 14, 18, 30, 35-37).
Addition of EDTA to intact normal platelets at room temper-
ature has little or no effect (31, 36), presumably because the
divalent cations that mediate complex formation are inaccessible
for chelation. One possible explanation for the low concentration
of GP lIb-IIIa complexes in extracts of EDTA-washed C.M.
platelets was that a structural defect prevented complex for-
mation. This was excluded when it was found that C.M. platelets
isolated in a calcium-containing buffer gave an abundant GP
IIb-II~a immunoprecipitate when analyzed by CIE and bound
quantitatively normal amounts of the GP HIb-HIla-dependent
monoclonal antibodies. These findings also preclude the patient
being considered heterozygous for classic thrombasthenia.

There is now overwhelming evidence that GPIIb-IIIa com-
plexes are a prominent component of the surface membrane of
circulating platelets. For example, Fitzgerald and Phillips (36)
have examined the sedimentation of GP Ilb and GP IIIa on
sucrose gradients after lysis of "25I-labeled human platelets in
Triton X-100 under conditions that stabilized both the com-
plexed and dissociated forms of GP Ilb and GP i11a. Over 90%
of the glycoproteins were present as the heterodimer. Using an-
other approach, Shattil et al. (37) demonstrated the presence of
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the complex in detergent extracts of unstimulated platelets by
electrophoresis on nondenaturing, polyacrylamide gradient gels.
These studies underline the results that have been obtained for
normal platelets using CIE (6, 8, 13, 18, 30-32). At room tem-
perature, AP-2 binds similarly to normal platelets in the presence
of divalent cations or with EDTA(16, 31). However, the number
of binding sites for T IO on normal platelets has been shown to
fall to 50% of usual levels after divalent cation chelation with
EDTAfor 1 h at 220C (17). In contrast, when these antibodies
were incubated with C.M. platelets at room temperature, the
number of binding sites fell to < 10% within 30 min of the ad-
dition of EDTA. Thus the epitopes for both AP-2 and TIO are
extremely sensitive to divalent cation chelation in the surface
membrane of C.M. platelets, which implies an abnormal struc-
ture or organization of the GP1Ib-IIIa complexes in situ.

Brass and Shattil (38) have reported that the human platelet
surface contains two classes of binding sites for extracellular
Ca2+ that differ in their affinity. Their data obtained using normal
and thrombasthenic platelets suggested that GPIlb and GPIlla
are the major Ca2'-binding glycoproteins on unstimulated
platelets and that each complex contains two high and six low
affinity binding sites for Ca2+. Peerschke and Zucker (39) had
previously reported a decreased binding of calcium to throm-
basthenic platelets. One explanation for our findings with C.M.
platelets is that the GP I1bIlIla complex is deficient in one or
more Ca2"-binding sites. This would explain both the EDTA-
induced loss of AP-2- and T10-binding to C.M. platelets, and
the unusually rapid dissociation of the complexes in solution at
4VC. Further studies using 45Ca2+ are planned to test this pos-
sibility.

Recent studies by Pidard et al. (31) have shown that normal
platelets treated with EDTAat 370C lose their capacity to bind
AP-2 due to a loss of antigenic determinants on GP Ilb-Illa.
Similar temperature-dependent losses in GPIIb-IIla antigenicity
have been reported in binding studies with other monoclonal
antibodies specific for the complex (40, 41). However, these ef-
fects of EDTAon normal platelets are only observed at 37°C,
whereas the GPIIb-IIIa complexes of C.M. platelets were mod-
ified at room temperature. At 370C, EDTAfirst dissociates GP
IIb-IIIa in normal platelets. However, this dissociation is then
followed by a re-association of the glycoproteins into high mo-
lecular weight complexes (31, 36, 37). The observed changes are
associated with a loss of fibrinogen receptor expression and in-
clude the appearance of a new cathodal-migrating precipitate in
CIE that bound Tab but not AP-2 (31). These modifications
should be clearly distinguished from those observed with C.M.
platelets where precipitates in the positions of dissociated GP
Ilb or GPIla were exclusively observed.

Studies using CIE (32), an enzyme-linked immunoadsorbant
assay (42), cross-linking reactions (43), or isolated GPIIb-IIIa
complexes incorporated into liposomes (44), all point to GP
IIb-IIa being the fibrinogen receptor on normal human platelets.
Fibrinogen binding to ADP-stimulated C.M. platelets did not
occur despite the ability of GPIIb and GPIIIa to form complexes
in these platelets. In normal human platelets the fibrinogen
binding domain is exposed only after platelet activation. Thus,
the defect in C.M. platelets may arise through either an abnor-
mality in the mechanism of exposure of the fibrinogen-binding
conformation on GPlIb-IIIa or be a result of a structural mod-
ification directly affecting the fibrinogen-binding determinant.
Several studies have shown that a divalent cation-dependent in-
teraction between fibrinogen and GP IlIb-IIIa may be demon-

strated after isolation of the complex and that this occurs in the
absence of ADP(32, 42, 44). Such a finding implies that some,
at least, of the isolated complexes directly express the fibrinogen-
binding site. Westudied the interaction between fibrinogen and
GPIIb-IIIa complexes by incorporating I'1-fibrinogen into the
intermediate gel during CIE. The GPIb 11ila complexes of Ca2+-
washed C.M. platelets failed to bind fibrinogen, which strongly
suggests the presence of a defect close to or influencing the fi-
brinogen-binding determinant on the complexes. Interestingly,
as in type I thrombasthenia (see reference 3), the abnormality
was associated with a severe decrease in the fibrinogen content
of the a-granules of the platelets.

Thus, the patient C.M. appears to represent a new subgroup
of thrombasthenia where platelets contain unstable GPIIb-IIIa
complexes unable to support fibrinogen binding. The abnor-
mality may also extend to other adhesive proteins (3, 45), for
preliminary results also suggest a defective binding of von Wil-
lebrand factor to ADP- and thrombin-stimulated platelets (C.
Mazurier and A. T. Nurden, unpublished results). The abnor-
malities present in the platelets of the patient are responsible for
a lifelong bleeding disorder. No such problems have been ex-
perienced by other family members while an examination of
the platelets of both parents has failed to reveal defects of GP
Ilb-IIIa complex dissociation. It is possible therefore that the
patient herself has been the subject of a gene mutation. However,
some prudence must be exercised in such an interpretation for
it is possible that purported heterozygotes for this type of variant
may be difficult to distinguish using present technology. Mean-
while, further studies on the GPIIb-IIa heterodimers of patients
such as C.M. may help to define the functional site of this com-
plex, which has a key role in the mechanism of platelet aggre-
gation.
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