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Abstract

The human GPIa/Ila complex, also known as integrin a2Bfl,
serves as a major receptor for collagen in platelets and other
cell types. In addition to its role in platelet adhesion to extracel-
lular matrix, GPIa/IIa is also known to bear the clinically im-
portant Br' and Br' alloantigenic determinants, which can re-
sult in antibody-mediated platelet destruction. Immunochemi-
cal studies showed that the Br antigenic epitopes reside solely
on the GP Ia subunit and do not depend on sialic acid residues.
To define the polymorphism responsible for the Br alloantigen
system platelet RNA PCR technique, was used to amplify
GPIa mRNA transcripts. Nucleotide sequence analysis of the
amplified platelet GPIa cDNA from Bra/a and Brb/b individ-
uals revealed a single A * G polymorphism at base 1648. MnlI
RFLP analysis ofcDNA from serologically determined individ-
uals confirmed that this polymorphism segregates with Br phe-
notype. This single base change results in a substitution of Lys
(AAG) in Bra to Glu (GAG) in Brb at amino acid residue 505.
In spite of the reversal in charge at this position, however, we
found no difference in the ability of Bra and Br' homozygous
platelets to adhere to collagens types I, III, or V, nor did anti-
Bra or anti-Br' alloantibodies interfere with platelet adhesion
to any of these fibrillar collagens. The identification of the nu-
cleotide substitution that defines the Bra/Brb alloantigen sys-
tem will now permit both pre- and postnatal diagnosis for Br
phenotype. (J. Clin. Invest. 1993. 92:2427-2432.) Key words:
neonatal alloimmune thrombocytopenia. platelet RNA * poly-
merase chain reaction * platelet adhesion * DNA typing

Introduction

The human platelet membrane glycoprotein Ia/Ila (GPIa/
Ila)' complex, also known as a2/1, is a member ofthe integrin
family that is involved in adhesive interactions (for review, see
reference 1). In unstimulated platelets, the GPIa/IIa hetero-
dimer mediates Mg2+-dependent platelet adhesion to collagen (2).

In addition to its physiological role, this complex bears clin-
ically important alloantigens, the platelet alloantigen system
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Bra/ Brb (3, 4). The gene frequencies for these two alleles have
been calculated to be 0.1 1 10 for Bra and 0.8890 for Brb in the
Caucasian population (3). Br alloantigens have also been
found on activated T lymphocytes (5) and on endothelial cells
(6), consistent with the known tissue distribution of a2f3,.

Alloimmunization against these antigens can either cause
neonatal alloimmune thrombocytopenia (7-9), can be respon-
sible for refractoriness to platelet transfusion ( 10), or may also
be involved in posttransfusion purpura ( 11). Anti-Bra is the
second most frequent alloantibody involved in neonatal al-
loimmune thrombocytopenia in the Caucasian population
(12, 13).

Platelet RNA PCR technology ( 14) has made it possible to
assign single nucleotide substitutions to each of the currently
recognized biallelic platelet alloantigen systems, pTA, Ko, Bak,
and Pen ( 15-18).

Recently, the complete amino acid sequence of GPIa has
been deduced from the nucleotide sequences of human lung
fibroblast ( 19). The mature GPIa polypeptide consists of 1,152
amino acids and contains a transmembrane domain and a
short cytoplasmic segment. Although the overall sequence ho-
mology in comparison with other integrin a subunits is 18-
25%, GPIa comprises a similar distribution ofcysteine residues
and cation-binding domains. A major characteristic ofGPIa is
the presence of a 191-amino acid insert (I domain) that con-
tains potential sites for interaction with collagen (for review,
see reference 1).

In this present study, we have further characterized the bio-
chemical and molecular biological properties underlying the
polymorphism ofhuman platelet GPIa that are responsible for
the immunogenicity of Bra/Brb alloantigen system.

Methods

Serological platelet typing. The Br and Bak phenotypes of platelet do-
nors used in this study were determined by glycoprotein-specific immu-
noassay, mAb-specific immobilization of platelet antigens (MAIPA),
as previously described (20).

Antibodies. The platelet-specific alloantibodies Bra, Brb, and Baka
were obtained from mothers of children with neonatal alloimmune
thrombocytopenia and from polytransfused patients. mAbs Gi 14 and
Gi9, which recognize two different epitopes on the GPIa/IIa complex,
were produced in our laboratory (21 ). The mAb K20 directed against
GPIIa was purchased from Dianova (Hamburg, Germany). IgG anti-
bodies were isolated from human sera or mouse ascites by protein
G-Sepharose chromatography (Pharmacia, Freiburg, Germany). Puri-
fied IgG antibodies were coupled to cyanogen bromide-activated Seph-
arose 4B as recommended by the manufacturer (Pharmacia).

Adsorption. Aliquots of 8 x I07 washed platelets in PBS buffer, pH
6.2, supplemented with 2% BSA were incubated in the absence or pres-
ence of 40 ,uU protease-free neuraminidase from Arthrobacter ureafa-
ciens (Boehringer Mannheim GmbH, Mannheim, Germany) for 6 h at
37°C and washed twice with PBS. Sera containing anti-Bra, -Br", and
-Baka antibodies were diluted up to 75-fold to obtain an optical density
of 1.0 in MAIPA before adsorption experiments. 70 ,l of diluted sera
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were adsorbed twice with 4 X 107 untreated or neuraminidase-treated
platelets for 30 min at 370C. After centrifugation ( 13,000 g for 3 min),
the remaining specific alloantibodies in the supernatants were tested in
MAIPA assay using mAbs Gil4 or Gi5 as previously described (20).
The results were expressed as percent adsorption of specific antibody.

Radioimmunoprecipitation. Aliquots of I09 washed platelets were
radiolabeled with '25I using the lactoperoxidase-catalyzed method of
Phillips and Agin (22). Aliquots of 108 labeled platelets were incubated
with neuraminidase as described above. Untreated and neuraminidase-
treated platelets were then immunoprecipitated with 50 ,l of anti-Bra
serum as previously described (4). For dissociation experiments, 109
labeled platelets were solubilized in 1 ml 10 mM Tris buffer, pH 8.0,
containing 1% NP40, 1% leupetin (Sigma Immunochemicals,
Munchen, Germany) at 4VC for 30 min. After centrifugation at 13,000
g for 30 min at 4VC, platelet lysates were precleared on the nutator
overnight with 100 ,l of a Sepharose 4B beads (Pharmacia) coupled
with rabbit anti-human IgG (Dako, Hamburg, Germany). To dissoci-
ate GPIa/IIa complexes, aliquots of 500 tLl precleared platelet lysates
were acidified with citrate buffer to pH 2.0 for 30 min at 4°C (23). In
control experiments, 500 Ml aliquots of platelet lysates were kept at pH
8.0 at 4°C. After neutralization with 1 M Tris buffer, pH 8.0, lysates
were incubated with mAb K20 coupled to Sepharose 4B beads to re-
move the remaining undissociated GPIa/IIa complex, and they were
subsequently immunoprecipitated with alloantibodies covalently
linked to Sepharose 4B beads. After incubation for 30 min at 4°C, the
beads were washed three times with 10 mM Tris buffer, pH 8.0, con-
taining 0.1% NP40. The pellet was resuspended in 100 Ml sample buffer
containing 2% SDS and boiled for 5 min. The immunoprecipitated
proteins were analyzed on 7.5% SDS-PAGE. Finally, the gels were
dried and autoradiographed on Kodak X-O-Mat S film using an inten-
sifying screen (Cronex Hi-Plus; Du Pont, Frankfurt, Germany). Rain-
bow protein mixture (Amersham Buchler, Braunschweig, Germany)
was used as molecular mass standards (myosin, 200 kD; phosphorylase
b, 92.5 kD; bovine serum albumin, 69 kD; ovalbumin, 46 kD; carbonic
anhydrase, 30 kD; and lysozyme, 14.3 kD).

Isolation and amplification ofplatelet RNA. Platelet RNA was iso-
lated from EDTA anticoagulated blood of Br-typed donors as previ-
ously described (17). I10-Ml aliquots of platelet mRNA were heated to
68°C for 10 min and quickly cooled on ice water before reverse tran-
scription. First-strand cDNA was then synthesized using 10 ,M oligo
dT, 40 U RNAsin (Boehringer Mannheim GmbH), 2 mM of each
dNTP (Pharmacia) 500 U of cloned Moloney murine leukemia virus
reverse transcriptase and 5X enzyme buffer (Gibco, Eggenstein, Ger-
many) in a total volume of 30 Ml. cDNA synthesis was carried out at
40°C for 45 min and was stopped by chilling to 0°C.

Overlapping sets of primers were constructed based on the pub-
lished sequence of VLA-2 (19) to amplify the entire coding region of
platelet GPIa. The following oligonucleotides were used for the PCR to
amplifyaregion encompassingbases 1486-1900: primerno. 1, 5'-CAA-
TATCACGGTTATTCAGGCTCACC-3' (nucleotides 1470-1495);
primer no. 2, 5'-CCCATTTAAATCTCCATAGCCATCC-3' (nucleo-
tides 1938-1914); primer no. 3, 5'-CAGGCTCACCGAGGTGAC-
CAGATTGGC-3' (nucleotides 1486-1512); and primer no. 4, 5'-
AGTACTGGAGATGGCTCCTA-3' (nucleotides 1900-1881)..5,l of
cDNA were diluted with 5 Mul lOX PCR buffer, 0.3 MM of each primer
(no. 1 and 2) and 175 MuM dNTP in a total volume of 50 ,l. After
heating at 96°C for 5 min, 3 Ml Taq polymerase dilution (1:10, 1.5 U)
(Boehringer Mannheim) was added at 85°C and amplification was
performed on a DNA thermal cycler (Biometra, Gottingen, Germany)
for 15 cycles. Each cycle consisted of denaturation at 93°C for 55 s,
annealing at 52°C for 55 s, and extension at 72°C for 95 s. In the final
cycle, the samples were kept at a temperature of 72°C for 10 min and
then chilled to 4°C. 2-Ml aliquots ofPCR products were amplified again
for 30 cycles using nested primers no. 3 and 4 under following condi-
tions: denaturation at 93°C for 55 s, annealing at 50°C for 55 s, and at
72°C for 85 s.

Analysis ofPCR products. 5 ,ul ofthe PCR-amplified products were
analyzed on 1.2% agarose gel containing ethidium bromide (Dianova).

Amplified DNA was isolated from the gel, purified (Geneclean; Dian-
ova), and subcloned into pcR' 1000 (ITC, Heidelberg, Germany).
The inserts were sequenced by the didesoxy chain termination method
using Sequenase 2.0 (United States Biochemical, Bad Homburg, Ger-
many). In some cases, amplified cDNA was subjected to restriction
digestion using MnlI endonuclease (New England Biolabs, Schwal-
bach, Germany) and analyzed on 4% NuSieve agarose gel using a Tris
borate EDTA buffer system (Biozym, Hameln, Germany).

Platelet adhesion assay. The adhesion of nonactivated human
platelets to collagen was measured as described by Kunicki et al. (24)
with minor modifications. Platelets were obtained from acid citrate
dextrose-anticoagulated blood by differential centrifugation and
washed with Ringer's citrate-dextrose buffer (RCD). Aliquots of 2 X
I09 washed platelets in isotonic saline were labeled with 400 MCi 1Cr at
room temperature for 30 min. Platelets were then washed once with
RCD, once with RCD without Ca2", Mg2 , and resuspended in tyrode
buffer (TB) (without Ca2+, Mg2+) at a final concentration of 2 x 10'
platelets/ml. For adhesion, microtiter wells were coated overnight at
4VC with 100 Ml collagen type I, III, or V (25 Mg/ml in PBS; Sigma
Immunochemicals). Additional control wells were coated with 100 ,l
BSA (5 mg/ml in PBS) (Serva, Heidelberg, Germany). Each well was
then washed twice with 200 ,l 5% BSA in PBS (PBS/BSA) and blocked
for 90 min with PBS/BSA. For adhesion, 100 ,l labeled platelets ( 10')
in TB containing 4mM MgCl2 were added to coated wells and the trays
were incubated in a humidified 370C CO2 incubator for 90 min. Un-
bound platelets were removed by gentle aspiration onto absorptive
pads and by washing of the wells five times with TB. Bounds platelets
were solubilized twice with 150 Ml 2% SDS, and the radioactivity of
bound 5'Cr was determined. Inhibition of adhesion by mAbs or by
alloantibodies was tested by previous incubation of platelets with puri-
fied antibodies for 1 h at room temperature.

Results

Localization of the Br antigenic determinants to GPIa. Pre-
vious studies have localized the Br epitopes to the GPIa/IIa
heterodimer complex. To further localize the epitope of Br al-
loantigens, dissociation experiments with GPIa/IIa complex
were performed. It has been demonstrated that treatment of
the human fibroblast lysates with citrate buffer at pH 3.0 leads
to dissociation of the #I integrin subunit from other a chains
(23). Our preliminary experiments showed that under these
conditions, platelet GPIa/ IIa chains did not completely dissoci-
ate from each other. Therefore, the remaining undissociated
GPIa/IIa was removed by adsorption with mAb K20 specific
for GPIIa. After this treatment, GPIa could be precipitated
with anti-Bra and anti-Br' antibodies without coprecipitation
of GPIIa from platelet lysates (Fig. 1), demonstrating that the
Br antigenic determinants are carried by GPIa, and are not

200_;* < G~laFigure 1. Immunopre-20-*- -GP la cipitation of 1251-radio-
-- GP Ila labeled platelet proteins

92.5 _ ^ < from a Bra- and Brb-ho-
69 _- mozygous donors with

anti-Bra (lanes I and 2)
46*_and anti-Brb (lanes 3

and 4), respectively.
Lanes I and 3, GPIa/IIa

30Q complex precipitated
from untreated plate-

1 2 3 4 lets. Lanes 2 and 4,
GPIa precipitated from

platelets treated with citrate buffer to pH 2.0 as described in Methods.
Immunoprecipitates were analyzed on 7.5% SDS-PAGE under
nonreduced conditions.
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Figure 2. Immunopre-
cipitation of '25I-radio-
labelled platelets pro-
teins from untreated
(lane 1) and neuramini-
dase-treated Bra-homo-
zygous platelets (lane 2)
with anti-Bra alloanti-
body. Immunoprecipi-
tates were analyzed on
5% SDS-PAGE under
nonreduced conditions.

complex dependent. To examine whether sialic acid residues
contribute to the formation ofBr epitopes, we immunoprecipi-
tated lysates from neuraminidase-treated platelets. As shown in
Fig. 2, anti-Br', could still precipitate the desialylated GPIa/
Ila complex with lower apparent molecular weights (lane 2).
To expand this analysis, different Bra, Brb and also Baka anti-
sera were adsorbed with untreated and neuraminidase-treated,
phenotyped platelets. The amount of specific alloantibodies
remaining in the supernatants were then analyzed in MAIPA
assay. The results were calculated as percent adsorption (Table
I). All 18 Br antibodies were equally adsorbed with untreated
and neuraminidase-treated platelets. In contrast, 3 / 6 Baka anti-
bodies were adsorbed by untreated platelets, but not by neur-

aminidase-treated platelets (83.3% vs 10.4% adsorption). This
implicates that Bak epitopes, unlike Br, are influenced by neur-

aminidase treatment, confirming earlier report (25, 26).
Amplification and analysis ofGPIa mRNAfrom Bra/a and

Brb/b individuals. To analyze the nucleotide sequence coding
for GPIa, platelet mRNA was sequentially amplified by reverse

transcription PCR using eight sets of primers, subcloned and
sequenced. Comparison of the 414-bp nucleotide sequence

(nucleotides 1486-1900) of GPIa mRNA derived from two
Bra and two Brb homozygous individuals (Fig. 3) revealed a

single nucleotide difference at base 1648 (Fig. 4). Whereas the
Bra/a individual has an A at this position, the Brbb/b individual
has a G. This results in the substitution of a lysine for glutamic
acid at amino acid residue 505 ofthe mature GPIa. Analysis of
the other seven regions of GPIa mRNA revealed no other nu-

1 2 3 4

Figure 3. Amplification of nucleotides 1486-1900 of human platelets
GPIa mRNA. The locations of the two oligonucleotide primer sets
(arrows I and 2 and arrows 3 and 4) used for PCR-amplification of
GPIa mRNA transcript and the expected 414-bp PCR product are

illustrated above. cDNA synthesized from platelet RNA derived from
a known Bra/a, Bra/b, and Brb/b individuals (lanes 2, 3, and 4) was
amplified and analyzed on 1.2% agarose gel stained with ethidium
bromide. DNA ^ize standards (pBr 328 DNA.Bgl I + pBr 328
DNA.Hinf I) (Boehringer Mannheim GmBH) are shown in lane 1.
The resulting 414-bp products (arrow) from homozygous Bra and
Brb individuals (lanes 2 and 4) were isolated from preparative gels
and subcloned for nucleotide sequence analysis.

cleotide differences. Platelet GPIa cDNA from four different
individuals sequenced so far have a C at nucleotide 195 (data
not shown), whereas the published cDNA clone from a fibro-
blast line has G ( 19). This silent C '-+ G polymorphism, which

is independent from Br system, represents the third base in the
codon for Gly20 and creates a new restriction site for Cvi JI
endonuclease (Table II).

RFLP analysis. To determine whether the A 648G substitu-
tion noted in the pair of individuals above segregates with Br
phenotype, we took advantage of the fact that the A 4-* G sub-

stitution created a recognition site for the restriction enzyme
MnlI, which cleaves at 5'-TATCAAAGAGG-3' but not 5'-
TATCAAAAAGG-3' sequences. Analysis of the 414-bp PCR

Table I. Adsorption (Percent) ofAnti-Bra, -Brb, and -Baka
with Untreated and Neuraminidase (N)-treated Platelets

Adsorption (percent)

Alloantibodies Untreated N-treated n

Bra 88.5±11.8 89.7±10.2 5
Brb 78.6±7.5 82.9±6.3 5
Baka 93.1±11.4 93.7±5.6 3
Baka (N+) 83.3±19.7 10.4±10.0 3

After adsorption, Br and Bak alloantibodies were tested in MAIPA
assay using mab Gi14 (anti GPIa/IIa) or GiS (anti GPIIb/IIIa) as
capture antibodies. N+, neuraminidase sensitive; n, number of sera
tested.

Bra! Bra
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A
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Brb/ Brb

A Glu505
"7- G04-
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T I le 503
A

AGO T

Figure 4. DNA sequence analysis of amplified GPIa cDNAs from Bra
and Brb homozygous individuals. The region of the autoradiograph
shown here includes the sequence from base 1642-1662. The se-

quence of the Bra/a individual is identical to the published sequence

for VLA-2, having an A at base 1648. The base changes to a G in the
Brb/b individuals, resulting in a lysine (AAG) - glutamic acid

(GAG) polymorphism at position 505 of mature GPIa. The poly-
morphic nucleotide is indicated with arrows.
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Table II. Integrin a2 Subunit Polymorphism

Platelets
cDNA Fibroblast Amino acid
position cell line* Bra/a Brb/b RFLP change

195 GGG GGC GGC Cvi JI Gly20Gly
1648 AAG AAG GAG Mnl I Lys505Glu

* Sequence from Takada and Hemler (19).

products from 10 additional Br-phenotyped donors (three Bra/
Bra, three Bra/Brb, and four Brb/Brb individuals) yielded the
fragments ofthe predicted size and corresponded to serological
typing results. RFLP analysis of one representative amplified
cDNA sample from each possible Br phenotype is shown in
Fig. 5.

Effect ofthe Br polymorphism and Br alloantibodies bind-
ing on platelet function. GPIa/IIa has been shown to mediate
platelet/collagen interactions in platelet and other cell types
( 1, 2). To examine whether the amino acid substitution under-
lying the Br polymorphism affects the function ofGPIa/IIa, we
studied platelet adhesion to collagens in the absence and pres-
ence ofpurified Bra, Brb human alloantibodies, and mAbs spe-

A
Bra 119

Brb
72

4

Bra

Br b

218

-4 A
CTATCAAAAAGG

C;TATCAAAGAGG

aa ab hh
B bp

4-414

-218

4 119

4- 72

4 39,33

1 2 3 4 5

FigureS5. (A) Restriction map of the 1486-1900 (414 bp) PCR frag-
ment of GPIa. The arrows indicate the positions of the recognition
sites for Mnl I. The length of the fragments after digestion is shown
above (in basepairs) for both Bra and Br" gene products. The recog-
nition site (GAGG) ofMnlI endonuclease is underlined. (B) Analy-
sis of MnlI digested 414-bp products from DNA of Bra/a (lane 2),
Bra/b (lane 3), and Br"/b (lane 4) phenotyped individuals on 4% Nu-
Sieve agarose gel stained with ethidium bromide. Lane 5 represents
the undigested 414 bp PCR product. DNA size standards (4'X 174
RF DNA.Hae III) (Gibco BRL, Eggenstein, Germany) are shown in
lane 1.

Table III. Platelet Adhesion

Platelets Platelets bound
phenotype Antibodies Specificity (105)

Bra/a None 16.1±5.0
Brb/b None 1 6.4±4.8
Bra/a Anti-Bra Bra 17.8±4.4
Brb/b Anti-Br' Brb 17.1±4.6
Brb/b Human IgG 17.4±4.7
Brb/b mAb Gi9 GPIa/IIa 0.3±0.3
Brb/b mAb Gil4 GPIa/IIa 16.8±4.2

The effect of monoclonal antibodies (5 gg/ml) and human IgG al-
loantibodies (500 ,g/ml) on the adhesion of 5'Cr-labeled platelets to
microtiter trays coated with type I collagen was assessed. The variance
of triplicate did not exceed 5%. The number of platelets adherent to
wells coated with BSA was routinely < 1% ofthat observed in collagen
coated wells. Number of donors tested = 3.

cific for GPIa/IIa complex. The results of these experiments
are summarized in Table III. The platelet adhesion response of
Bra/a platelets was indistinguishable from Brb/b platelets, and
neither anti-Bra nor anti-Br" alloantibodies inhibited platelet
adhesion to type I collagen. In contrast, mAb Gi9, directed
against a functional epitope of the GPIa/IIa complex, inhib-
ited completely platelet adhesion, whereas mAb Gi 14, directed
against a different epitope on GPIa/IIa complex, did not. Simi-
lar results were obtained with type III andV collagens (data not
shown).

Discussion

In our previous studies, we have demonstrated that the Br anti-
bodies precipitated GPIa/IIa (a2g31), but not GPIc/IIa (a5#13)
or GPIc'/IIa (a631 ) from platelets, suggesting that the alloanti-
genic determinants of Br might reside on the GPIa molecule.
However, we were unable to rule out that Br alloantigens might
be complex-specific, perhaps residing on the GPIIa chain and
inducing the antibody binding site only by its specific associa-
tion with GPIa, but not with GPIc or GPIc'.

To elucidate the molecular basis of the Br alloantigens, a

more precise assignment of their epitope to GPIa or GPIIa is
essential. Since our efforts to sublocalize the Br alloantigenic
determinants using immunoblotting techniques failed (unpub-
lished observation), we took the advantage of the fact that
GPIa/IIa complex is partially dissociated under acidic condi-
tions. After treatment of platelet lysates with acidic buffer to
pH 2.0, Br antibodies precipitated only GPIa indicating that
the Br epitopes reside solely on GPIa, and are not complex
specific.

Recently, Take et al. (25) demonstrated that the expression
of Baka alloantigens is not uniform, since the binding of some
Baka antisera to GPIIb is sensitive to removal of sialic acid
residues. These results are in agreement with the data ofGold-
berger et al. (26), who showed that posttranslational process-
ing of pro-GPIIb was required for efficient expression of Bak
alloantigens. In this regard, the Br alloantigens differ from
those of the Bak system, since desialylation did not affect the
binding of multiple anti-Bra and -Brb alloantibodies to their
GPIa target epitopes, and does not depend on the presence of
sialic acid.
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Based on these data and availability ofthe complete nucleo-
tide sequence of integrin a2 cDNA ( 19), we applied platelet
RNA PCR techniques to amplify platelet GPIa mRNA tran-
scripts from Bra/a and Brb/b individuals. Nucleotide sequence
analysis of the entire coding region revealed a single A * G
base change at position 1648. This mutation changes an AAG
codon for lysine into GAG that encodes for glutamic acid at
amino acid position 505 ofthe mature GPIa polypeptide chain.
RFLP analysis, using the enzyme MnlI, which is capable of
discriminating between the two isoforms of amplified cDNA,
demonstrated that this nucleotide substitution segregated with
the serologically determined phenotype of 10 additional Bra/a,
Bra/b, and Brb/b individuals. The Lys505 Glu505 polymor-
phism represents the only difference between the Bra and Brb
allelic forms within the coding region ofthe mature GPIa, indi-
cating that this single amino acid substitution is sufficient to
direct the formation of Br alloantigens, as has been similarly
shown for the PIA, Bak, and Pen systems (26, 18). However,
the actual antibody combining site on GPIa remains to be de-
termined.

There is evidence that the a231 integrin is the main receptor
mediating the adhesion of platelets to collagen (for review, see
reference 1). Its deficiency in patient platelets is associated
with a specific defect in platelet responsiveness to collagen (27,
28). The Glu5s5 Lys505 polymorphism associated with Br
alloantigens is located between the first and second divalent
cation-binding domains ofGPIa. Since GPIa/IIa receptor-me-
diated platelet adhesion to collagen requires Mg2+ cation (2),
we examined whether the Br-dependent GPIa structural vari-
ants affect platelet adhesion to collagen. No differences were
observed in the ability of Bra versus Brb platelets to adhere to
collagen, nor were there any effects ofanti-Br alloantibodies on
platelet adhesion to collagen. Thus, it would appear that both
allelic forms of GPIa are able to function equally well.

While it has been widely supposed that the cDNA sequence
of platelet GPIa would be identical to that of other cells, no
data have so far been published. During the course of this in-
vestigation, we derived the first complete nucleotide sequence
of the GPIa (integrin a2) coding region exclusively from plate-
lets, and found that it is identical to that previously obtained
from fibroblast and endothelial cells. These data indicate that
there are no megakaryocyte-specific alternative splicing events
distinguishing platelet GPIa mRNA from that of fibroblasts.

Interestingly, although the calculated gene frequency ofBra
in the human gene pool is only 0.1 1 10 (3), comparison of the
polymorphic base 1648 pointed out that the cDNA sequence of
GPIa published by Takada and Hemler ( 19) represents the
rarer Bra (AAG -- Lyss105) allelic form. In addition to this poly-
morphic position, we also noted one other sequence difference,
a silent G195 * C195 in the codon for Gly20 in the GPIa polypep-
tide chain. Though the cDNA published sequence was derived
from a fibroblast cell line, whereas our sequences were derived
from platelet RNA, this dimorphism likely represents a simple
allelic variation, rather than a cell-type specific difference, as
no evidence for multiple copies of the GPIa gene expressed by
different cells currently exists.

In conclusion, we have elucidated the molecular basis un-
derlying the Bra/Brb polymorphism of GPIa. The single point
mutation (AAG *-* GAG) that distinguishes the Bra and Brb
allelic forms can be discriminated by the use ofthe MnlI restric-
tion enzyme. Based on these data, DNA typing for Br geno-
types can now be developed. This will be ofparticular utility for

typing ofthrombocytopenic fetuses ofBr-alloimmunized preg-
nant women, similar to that which has already been realized for
several of the other clinically important platelet alloantigen
systems (29).
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