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INTRODUCTION

Glanzmann thrombasthenia is an autosomal
recessive bleeding disorder characterized by a
quantitative or qualitative abnormality of platelet
GPIIb/IIIa receptors. This life-long bleeding dia-
thesis is characterized by mucocutaneous hemor-
rhage with easy bruising, menorrhagia, epistaxis,
gingival hemorrhage, and intermittent episodes of
gastrointestinal bleeding. The dysfunctional GPIIb/
IIIa receptor can either be absent or present on the
platelet surface, but the platelets of all patients
with Glanzmann thrombasthenia are functionally
indistinguishable in that they do not aggregate in
response to physiologic agonists such as ADP,
thrombin, or epinephrine. Excellent reviews of the
clinical spectrum of disease and the biochemical
characterization of the defect have been published
(1,2). A total of 26 GPIIb mutations have been
identified, of which 16 are point mutations result-
ing in missense or nonsense codons; 5 are dele-
tions and insertions, of which 3 are deletions, 1 is a
deletion/insertion, and 1 is an insertion; and 5 are
RNA splice mutations, of which 4 are within the
consensus splice sequence and 1 is a point muta-
tion resulting in the creation of an alternative
splice site. Within the 26 GPIIb mutations, 16
have been identified once; an R358H (R327H) and
a T=C exon 29 splice donor site mutation have
each been identified in two separate kindreds; and
one R584X (R553X) mutation has been identified
in six different kindreds. A total of 23 GPIIIa
mutations have been identified, of which 13 are
point mutations resulting in missense or nonsense
codons; 7 are deletions/insertions/ inversions, of
which 5 are deletions, 1 is a deletion and inver-

sion, and 1 is an insertion; and 3 are splice site mu-
tations.Within the 23GPIIIa mutations, an D145Y
(D119Y) mutation and an D145N (D119N) muta-
tion have been identified in separate kindreds, an
R240W (R214W) mutation has been identified in
two separate kindreds, and an R240Q (R214Q)
mutation has been identified in another kindred.
Of note, GPIIIa patient number 7 is a heterozygote
who does not have the Glanzmann thrombasthenia
phenotype; his mutation was identified as a result
of an evaluation for thrombocytopenia.

This registry tabulates the known molecular
defects in the genes encoding GPIIb and GPIIIa,
the known clinical and biochemical information
on the patients and the one carrier of Glanzmann
thrombasthenia, and mammalian cell expression
studies that have been performed to characterize
the mutations.

The GPIIb and GPIIIa mutations are identified
according to cDNA nucleotide numbers taken
fromGenBank sequences based on Poncz et al. (3)
and Fitzgerald et al. (4). The GenBank accession
number for GPIIb is JO2764 and for GPIIIa
isJO2703. In the tables, the cDNA nucleotide
numbering begins with the A nucleotide of the
ATG start codon as11. To locate these nucleo-
tides in the GenBank and published sequences,
one nucleotidemust be added to theGPIIb number-
ing and 20 nucleotides must be added to the
GPIIIa numbering. In the tables, the amino acid
numbering begins with methionine of the ATG
start codon, and both the amino acid numbers
including the leader sequence and excluding the
leader sequence (in parentheses) are provided. The
mutation nomenclature that is used in the tables is
based on published recommendations (5,6).
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GPIIb MUTATIONS

No.
Patient and

Classification1 Genotype
Mutation2

cDNANucleotide Number3 Amino Acid Substitution4

1 KW
I

Homozygote IVS1=IVS9del4.5kb5 resulting
in alternative splicing of exon 1

Premature termination within
intron 1

2 Arab6

I
Homozygote IVS3(-3)=418del7 resulting in

use of an alternative splice at
425AG in exon 4

A137-Q142del
(include C138)

3 Frankfurt I
II

Homozygote 620C=T
Exon 5

T207I (T176I)

4 LW
II

Homozygote 641T=C
Exon 6

L214P (L183P)

5 FLD
I

Homozygote 818G=A
Exon 8

G273D (G242D)

6 FL
I

Homozygote 1063G=A
Exon 12

E355K (E324K)

7 KJ
II

Homozygote 1073G=A
Exon 12

8 Mila-1
II

Homozygote 1073G=A
Exon 12

R358H (R327H)

9 LM
I

Homozygote 1346G=A
Exon 13

G449D (G418D)

10 LeM
I

Compound
Heterozygote

1366-1371del
Exon 13
Unknown

V456delD457del

Unknown

11 Gypsy8

I
Homozygote IVS15(11)G=A: Alternative

splice resulting in 1537-1544del
in exon 15

Frameshift and premature termi-
nation

12 CW
I

Compound
Heterozygote

1750C=T: Exon 17
480C=G: Creates an alternative
splice site at 476GT in exon 4

R584X (R553X)
S160-S192del
(include C161 and C177)

13 Chinese 10
I

Compound
Heterozygote

1750C=T
Exon 17
Unknown

R584X (R553X)

Unknown

14 SK
I

Compound
Heterozygote

1750C=T: Exon 17
IVS25(-3)C=G: Within
acceptor splice sequence of exon
26

R584X (R553X)
V868-V909del

15 Family L
I

Compound
Heterozygote

1750C=T
Exon 17
Unknown

R584X (R553X)
Unknown

16 Family II
I

Compound
Heterozygote

1750C=T
Exon 17
Unknown

R584X (R553X)
Unknown
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GPIIb CLINICALAND BIOCHEMICAL INFORMATION

No.

Bleeding Symptoms (BS)9

Bleeding Time (BT)
Clot Retraction (CR)

Platelet Surface GPIIb/IIIa (1)
andavb3 (2) Expression

Platelet GPIIb/GPIIIa and
Fibrinogen (Fg) Levels Ref.

1 BS: E, G, Tx
BT: Not reported
CR: Not reported

1: Not reported
2:,200% of normal

IIb/IIIa: Undetectable and 1-5% of normal
Fg: Not reported

(7)

2 BS: E, G, GI, M, P, T, Tx
BT: . 30 minutes
CR: Absent

1:, 2% of normal
2:,200% of normal

IIb/IIIa: , 1% of normal/1-5% of normal
Fg: 10-15% of normal

(8-12)

3 BS: T, Tx
BT: . 30 minutes
CR: Diminished to 10%

1: 24% expression
2: Not reported

IIb/IIIa: Not reported
Fg: Not reported

(13)

4 BS: B, E, T, Tx
BT: Prolonged
CR: Delayed

1: 12% of normal
2: 192% of normal

IIb/IIIa: 30% and 35% of normal
Fg: 5% of normal

(14,15)

5 BS: E, Ec, Tx
BT: Prolonged
CR: Not reported

1:, 2-5% of normal
2:,200% of normal

IIb/IIIa: Trace of both, proGPIIb only
Fg: Not reported

(16)

6 BS: Not reported
BT: Not reported
CR: Absent

1: Undetectable complexes
2: Not reported

IIb/IIIa: Undetectable/ Trace
Fg: Severely reduced

(17)

7 BS: B, T
BT: . 20 minutes
CR: Some retractability

1: 7-10% of normal
2: Not reported

IIb/IIIa: Trace/reduced
Fg: Not reported

(18)

8 BS: B
BT: . 15 minutes
CR: Decreased

1:,25% of normal
2: Not reported

IIb/IIIa: Not reported
Fg: 1-2% of normal

(19)

9 BS: Not reported
BT: Not reported
CR: Not reported

1: Undetectable
2: Not reported

IIb/IIIa: Undetectable/ Small amount
Fg: Not reported

(20)

10 BS: P
BT: Not reported
CR: Not reported

1:, 5% of normal
2: Not reported

IIb/IIIa: Not reported
Fg: Not reported

(21)

11 BS: Tx
BT: Prolonged
CR: Absent

1: Decreased
2: Not reported

IIb/IIIa: Undetectable
Fg: Undetectable

(22)

12 BS: Ec, P, Tx
BT: Not reported
CR: Absent

1:, 1% of normal
2:. 200% of normal

IIb/IIIa: Trace of both
Fg: Severely reduced

(23)

13 BS: E, G, M, P, Tx
BT: Not reported
CR: Not reported

1:, 2% of normal
2:,170% of normal

IIb/IIIa: Trace of both
Fg: Severely reduced

(23)

14 BS: E
BT: . 15 minutes
CR: Not reported

1: Not reported
2: Not reported

IIb/IIIa: , 6% and 11% of normal
Fg: Not reported

(24,25)

15 BS: E, G
BT: . 15 minutes
CR: Not reported

1: Not reported
2: Not reported

IIb/IIIa: Undetectable
Fg: Not reported

(26,27)

16 BS: Not reported
BT: Not reported
CR: Not reported

1: Undetectable
2: Not reported

IIb/IIIa: Undetectable
Fg: Not reported

(28)
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GPIIb MUTATIONS

No. Patient and Classification1 Genotype
Mutation2

cDNANucleotide Number3
Amino Acid
Substitution4

17 MO
I

Compound
Heterozygote

1750C=T
Exon 17
Unknown

R584X (R553X)

No transcript detected

18 Iranian-Jewish
I

Homozygote 2473-2478del and 2473-2503ins
creating an alternative acceptor
splice site at 2478AG

L817-N826del substituted inframe
with 8 new amino acids

19 NR
I

Compound
Heterozygote

2941C=T: Exon 28

Unknown

Q981X resulting in
R948-Q981del
No transcript detected

20 CG
I/II

Compound
Heterozygote

1787T=C: Exon 18
IVS29(12)T=C: Within splice
donor site of exon 29

I596T (I565T)
V982-K1020del

21 MC
I/II

Compound
Heterozygote

IVS29(12)T=C: Within splice
donor site of exon 29
3094insTG: Exon 30

V982-K1020del

Frameshift with no termination

22 AP
Variant

Compound
Heterozygote

3077G=A
Exon 30
Unknown

R1026Q (R995Q)

Unknown

GPIIIa MUTATIONS

No. Patient and Classification1 Genotype
Mutation2,10

cDNANucleotide Number3
Amino Acid
Substitution4

1 Amsterdam I
I

Homozygote IVS2(11)G=T: Within donor
splice site resulting in 80-165del

Frameshift and premature
termination

2 Family I
I

Homozygote 262C=T
Exon 3

R88X (R62X)

3 Pakistan
II

Homozygote 428T=G
Exon 4

L143W (L117W)

4 Cam
Variant

Homozygote 433G=T
Exon 4

D145Y (D119Y)

5 NR
Variant

Homozygote 433G=A
Exon 4

D145N (D119N)

6 BL
II

Homozygote 563C=T
Exon 4

S188L (S162L)

7 PDJ
Carrier11

Heterozygote 708-709del
Exon 5

Frameshift and premature
termination

8 Strasbourg I
Variant

Homozygote 718C=T
Exon 5

R240W (R214W)
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GPIIb CLINICALAND BIOCHEMICAL INFORMATION

No.

Bleeding Symptoms (BS)9

Bleeding Time (BT)
Clot Retraction (CR)

Platelet Surface GPIIb/IIIa (1) and
avb3 (2) Expression

Platelet GPIIb/GPIIIa and
Fibrinogen (Fg) Levels Ref.

17 BS: B, M
BT: . 20 minutes
CR: Impaired to 8%

1: Undetectable
2: Not reported

IIb/IIIa: , 2% of normal/,15% of
normal
Fg: Not reported

(29,30)

18 BS: Mu
BT: Not reported
CR: Absent

1: Minimal
2: 60-100% increase

IIb/IIIa: Trace/reduced
Fg: Not reported

(31)

19 BS: M
BT: . 30 minutes
CR: Not reported

1: Undetectable
2: Not reported

IIb/IIIa: Undetectable/,9% of
normal
Fg: Not reported

(32,33)

20 BS: G, M
BT: ,15 minutes
CR: Delayed

1:,5% of normal
2:. 200% of normal

IIb/IIIa: Reduced levels
Fg:,20% of normal

(34,35)

21 BS: G
BT: ,15 minutes
CR: Delayed

1:,12% of normal
2:,200% of normal

IIb/IIIa: Reduced levels
Fg:,12% of normal

(34-36)

22 BS: E, G, H, T
BT: . 11 minutes
CR: Delayed

1: 12-20% of normal
2: Not reported

IIb/IIIa: ,45% of control
Fg: Normal

(37,38)

GPIIIa: CLINICALAND BIOCHEMICAL INFORMATION

No.

Bleeding Symptoms (BS)9

Bleeding Time (BT)
Clot Retraction (CR)

Platelet Surface GPIIb/IIIa (1) and
avb3 (2) Expression

Platelet GPIIb/GPIIIa and
Fibrinogen (Fg) Levels Ref.

1 BS: E, G, M, Tx
BT: Not reported
CR: Not reported

1. Undetectable
2. Not reported

IIb/IIIa: Not reported
Fg: Not reported

(39)

2 BS: Not reported
BT: Not reported
CR: Not reported

1. Undetectable
2. Not reported

IIb/IIIa: Undetectable
Fg: Not reported

(28)

3 BS: Not reported
BT: Not reported
CR: Not reported

1. 10% of normal
2. Not reported

IIb/IIIa: Not reported
Fg: Not reported

(40)

4 BS: E, GI, Mu, S, Tx
BT: . 20 minutes
CR: Absent

1..20,000/platelet6 Ca21

2. Not reported
IIb/IIIa: Not reported
Fg: 1 µg/109 platelets
(nl14: 31 µg/109 platelets)

(41,42)

5 BS: B, E, G, M, Tx
BT: Not reported
CR: Borderline low

1. Not reported
2. Not reported

IIb/IIIa: Normal
Fg: Not reported

(43)

6 BS: B, E, G, Mu, Tx
BT: Prolonged
CR: Normal

1.,30% of normal -minimal
binding anti-GPIIb/IIIa mAb15

2. Not reported

IIb/IIIa: ,30% of normal
Fg: Not reported

(44)

7 BS: None
BT: Not reported
CR: Not reported

1.,20,000 complexes/platelet
2. Not reported

IIb/IIIa: Not reported
Fg: Not reported

(45)

8 BS: B, H
BT: . 10 minutes
CR: Subnormal

1. 19,400/platelet1 Ca21

,300/platelet1 EDTA
2. Not reported

IIb/IIIa: Normal levels
Fg: 36 ng/108 platelets (nl: 168
ng/108 platelets)

(46,47)
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GPIIIa MUTATIONS

No.
Patient and

Classification1 Genotype
Mutation2,10

cDNANucleotide Number33 Amino Acid Substitution4

9 CM
Variant

Homozygote 718C=T
Exon 5

R240W (R214W)

10 ET
Variant

Homozygote 719G=A
Exon 5

R240Q (R214Q)

11 SH
II

Homozygote 725G=A
Exon 5

R242Q (R216Q)

12 GT3
I

Compound
Heterozygote

IVS5(11)G=A resulting in 615-
777del or 778-804ins
IVS1-5Aluinv15kb1IVS1del1kb

Frameshift/premature termination
or 9 new amino acid addition
No transcript detected

13 LD
II

Compound
Heterozygote

847delGC: Exon 6

863T=C: Exon 6

Frameshift and premature
termination
L288P (L262P)

14 Chinese 20
II

Homozygote 1199G=A
Exon 9

C400Y (C374Y)

15 CB
I

Homozygote IVS9ins3-4kb No GPIIIa transcript and normal
GPIIb transcript detected

16 RS
I

Homozygote
Uniparental disomy

1260G=A11143C=A result in
1126-1265del and IVS9(-5)-
IVS9(-1)ins: alternative splice

Restore reading frame creating
V376S377

17 RM
Variant

Compound
Heterozygote

Unknown deletion within exon 11
2248C=T
Exon 14

No GPIIIa transcript detected
R750X (R724X)

18 I-J112

I
Homozygote 2031-2041del

Exon 13
Frameshift and premature termina-
tion

19 I-J213

I
Compound
Heterozygote

2031-2041del: Exon 13
IVS9Alu=2163or2166del11.2kb

Both mutations result in a frame-
shift and premature termination

20 Patient P
Variant

Compound
Heterozygote

2332T=C
Exon 15
Unknown

S778P (S752P)

Unknown
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GPIIIa: CLINICALAND BIOCHEMICAL INFORMATION

No.

Bleeding Symptoms (BS)9

Bleeding Time (BT)
Clot Retraction (CR)

Platelet Surface GPIIb/IIIa (1) and
avb3 (2) Expression

Platelet GPIIb/GPIIIa and
Fibrinogen (Fg) Levels Ref.

9 BS: E, G, M, Tx
BT: . 10 minutes
CR: Abnormal

1. 38,900/platelet1 Ca21

2,540/platelet1 EDTA
2. Not reported

IIb/IIIa: Normal levels
Fg: Severely reduced

(48,49)

10 BS: B, E, M
BT: Not reported
CR: Absent

1. Normal mAb binding1 Ca21

No mAb binding1 EDTA
2. Not reported

IIb/IIIa: Normal levels
Fg: Marked deficiency

(50,51)

11 BS: Not reported
BT: Not reported
CR: Not reported

1. 20% GPIIb,,1% GPIIIa,
Undetectable GPIIb/IIIa
2. Not reported

IIb/IIIa: Quantitative defect
Fg: Not reported

(52)

12 BS: Mu
BT: . 30 minutes
CR: Not reported

1. Not reported
2. Not reported

IIb/IIIa: Undetectable
Fg: Not reported

(53-55)

13 BS: B, G, P
BT: Not reported
CR: Normal

1. 30% of normal,, 5%
GPIIb/IIIa complex
2. Not reported

IIb/IIIa: ,8% of normal GPIIb/IIIa
Fg: Not reported

(56)

14 BS: E, M, P, Tx
BT: ,9 minutes
CR: Abnormal

1., 15% of normal
2. 15-19% of normal

IIb/IIIa: ,10% of normal/,30% of
normal
Fg:,36% of normal

(57,58)

15 BS: B, M
BT: Prolonged
CR: Absent

1. Not reported
2. Not reported

IIb/IIIa: Undetectable
Fg: Not reported

(59)

16 BS: E, G, M Tx
BT: Not reported
CR: Not reported

1. Not reported
2. Undetectable

IIb/IIIa: Trace GPIIb, Undetectable
GPIIIa
Fg: Not reported

(60)

17 BS: Not reported
BT: Not reported
CR: Not reported

1. 50-60% of normal, normal
ligand-binding domain
2. Not reported

IIb/IIIa: Not reported
Fg: Not reported

(61)

18 BS: E, G, GI, P, T, Tx
BT: . 10 minutes
CR: Absent

1., 2% of normal
2., 20% of normal

IIb/IIIa: Undetectable
Fg: 10-15% of normal

(8-12)

19 BS: P
BT: . 10 minutes
CR: Absent

1., 2% of normal
2., 20% of normal

IIb/IIIa: Undetectable
Fg: 10-15% of normal

(62)

20 BS: Not reported
BT: Prolonged
CR: Normal

1. Resting: 44% of normal
Stimulated: 56% of normal
2. Not reported

IIb/IIIa: Moderate quantitative
defect
Fg: Not reported

(63-65)

D.L. French and B.S. Coller Blood Cells, Molecules, and Diseases (1997) 23(3) Feb 15: 39–51
Article No. MD970117

45

BCMD 0117



GPIIb: TRANSFECTION STUDIES

No. and
Patient Transfected Cells GPIIb/IIIa Expression Ligand Binding

1
KW

Not done

2
Arab

Not done

3
Frankfurt I

Not done

4
LW

CHO:
Transient transfection

Surface:,53-62% of normal Absent: Anti-GPIIb/IIIa mAb
Absent: Immobilized Fg

5
FLD

COS:
Transient transfection

Surface: Undetectable
Intracellular: ProGPIIb only

Not reported

6
FL

COS:
Transient transfection

Surface: Undetectable
Intracellular: Present

Not reported

7
KJ

COS:
Transient transfection

Surface: Greatly reduced
Intracellular: ProGPIIb detected

Not reported

8
Mila-1

CHO:
Stable cell lines

Surface:,9% positive cells
Intracellular: Reduced levels of proGPIIb and GPIIb

Not reported

9
LM

COS:
Transient transfection

Surface: Undetectable, rescue with Gly418Ala substitution
Intracellular: ProGPIIb only

Not reported

10
LeM

COS:
Transient transfection

Surface: Undetectable
Intracellular: Heterodimer processing blocked

Not reported

11
Gypsy

Not done

12
CW

Not done

13
Chinese 10

Not done

14
SK

Not done

15
Family L

Not done

16
Family II

Not done

17
MO

Not done

18
Iranian-
Jewish

COS:
Transient transfection

Surface: Not reported
Intracellular: Not reported

Undetectable: anti-GPIIb/IIIa mAb
binding

19
NR

COS:
Transient transfection

Surface: Undetectable
Intracellular: ProGPIIb only and EndoH
sensitive

Not reported

20
CG

Not done

21
MC

Not done

22
AP

Not done
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GPIIIa: TRANSFECTION STUDIES

No. and Patient Transfected Cells Surface GPIIb/IIIa Expression Ligand Binding

1
Amsterdam I

Not done

2
Family I

Not done

3
Pakistan I

COS:
Transient transfection

Surface: Trace
Intracellular: ProGPIIb only, no
GPIIb/IIIa mAb binding

Not reported

4
Cam

CHO:
Stable cell lines

Normal expression RGD161LIBS117mAb:
Undetectable

5
NR

Not done

6
BL

COS:
Transient transfection

Subunit mAbs:
Detectable
Moderate trafficking defect

GPIIb/IIIa mAb binding: Undetectable
Subunit-specific binding: Detectable

7
PDJ

Not done

8
Strasbourg I

Not done

9
CM

Not done

10
ET

CHO:
Stable cell lines

Normal expression RGD1LIBS1 mAb: Undetectable
Immobilized Fg: Undetectable

11
SH

COS:
Transient transfection

Reduced expression GPIIb/IIIa mAb binding: Undetectable

12
GT3

Not done

13
LD

Not done

14
Chinese 20

CHO:
Transient transfection
Stable cell lines

,10% of normal Immobilized FgaIIb/b3(C374Y):
,80% of normal
Soluble FgaIIb(R995A)/b3(C374Y): Absent

15
CB

Not done

16
RS

K562: Transient transfection:
in vitro splicing

17
RM

Not done

18
I-J1

Not done

19
I-J2

Not done

20
Patient P

CHO:
Transient transfection
Stable cell lines

Normal expression PAC-1 -aIIb(6B)/b3 (S752P): Undetectable
PAC-11LIBS-aIIb(6B)/b3 (S752P): Normal
Immobilized Fg: Normal
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1 According to George et al., Blood 75:1383-1395, 1990
2 Mutations are listed according to patient and exon number except in the cases of compound heterozygotes where both identified mutations
are listed together. Abbreviations used: del: deletion, ins: insertion, inv: inversion, IVS: intervening sequence.
3 Nucleotide substitutions are designated by the nucleotide number and the (nucleotide=nucleotide) substitution
4 Amino acid substitutions are designated by amino acid-codon number-amino acid. The single letter code is used for amino acids: A: alanine,
C: cysteine, D: aspartate, E: glutamate, F: phenylalanine, G: glycine, H: histidine, I: isoleucine, K: lysine, L: leucine, M: methionine, N:
asparagine, P: proline, Q: glutamine, R: arginine, S: serine, T: threonine, V: valine, W: tryptophane, Y: tyrosine. The amino acid codon
excluding the leader sequence is given in parenthesis.
5 IVS1=IVS9del4.5kb reads: a 4.5kb deletion occurred between sites located within introns 1 and 9
6 Identified in 3 ‘‘unrelated’’ kindreds in Israel
7 IVS3(-3)=418del reads: a deletion occurred between the third base from the end of intron 3 (splice acceptor sequence) to nucleotide 418
(within exon 4)
8 Study of 52 individuals in the Gypsy population in France resulting in 11 homozygotes, 32 heterozygotes, and 9 unaffected
9 B: bruising, E: epistaxis, Ec: ecchymoses, G: gingival, GI: gastrointestinal, H: hematoma, M: menorrhagia, Mu: mucous membrane, P:
petechiae/purpura, S: soft tissue, T: tooth extraction, Tx: transfusion
10 Exon numbering has been modified to include the nucleotides encoding amino acid residues of the leader sequence as exon 1 according to
Villa-Garcia et al., Blood 83:668-676, 1994 and to increase by one the exon numbers designated by Zimrin et al., J Biol Chem 265:8590-8595,
1990
11 The patient was identified by development of thrombocytopenia and deep venous thrombosis postoperatively. Serologically the patient
typed homozygous for PlA1, but DNA typed heterozygous for PlA1/A2

12 Study of 32 patients belonging to 17 kindreds with 29 independent sources of the mutation. The frequency of the I-J1 mutant allele in the
general Iraqi-Jewish population is 0.0043 (6/700 control individuals)
13 Three identified Iraqi-Jewish families carry the I-J2 mutation in which 2 homozygotes for I-J2 and 4 heterozygotes for I-J1 and I-J2 have
been identified. The frequency of the I-J2 mutant allele in the general Iraqi-Jewish population is,0.0007 (0/700 control individuals)
14 nl: normal
15mAb: monoclonal antibody
16 RGD: arginine-glycine-aspartic acid
17 LIBS: ligand induced binding site

ACKNOWLEDGMENTS

Supported in part by grants 19278 from the National
Heart, Lung, and Blood Instittute (B.S.C.) and 5 M01
RR00071 for the Mount Sinai General Clinical Research
Center from the National Center for Research Resources,
National Institutes of Health.

REFERENCES

1. George JN, Caen JP, Nurden AT. Glanzmann’s throm-
basthenia: The spectrum of clinical disease.Blood
75:1383-1395, 1990.

2. Coller BS, Seligsohn U, Peretz H, Newman PJ.
Glanzmann thrombasthenia: New insights from an
historical perspective.Semin Hematol31:301-311,
1994.

3. Poncz M, Eisman R, Heidenreich R, et al. Structure of
the platelet membrane glycoprotein IIb.J Biol Chem
262:8476-8482, 1987.

4. Fitzgerald LA, Steiner B, Rall SC Jr., Lo S, Phillips
DR. Protein sequence of endothelial glycoprotein IIIa
derived from a cDNA clone.J Biol Chem262:3936-
3939, 1987.

5. Beaudet AK, Antonarakis SE, Beutler E, et al. Update

on nomenclature for human gene mutations.Hum
Mutat8:197-202, 1996.

6. Beutler E, McKusick VA, Motulsky AG, Scriver CR,
Hutchinson F. Mutation nomenclature: Nicknames,
systematic names, and unique identifiers.Hum Mutat
8:203-206, 1996.

7. Burk CD, Newman PJ, Lyman S, Gill J, Coller BS,
Poncz M. A deletion in the gene for glycoprotein IIb
associated with Glanzmann’s thrombasthenia.J Clin
Invest87:270-276, 1991.

8. Coller BS, Seligsohn U, Zivelin A, Zwang E, LuskyA,
ModanM. Immunologic and biochemical characteriza-
tion of homozygous and heterozygous Glanzmann
thrombasthenia in the Iraqi-Jewish and Arab popula-
tions in Israel: comparison of techniques for carrier
detection.Br J Haematol62:723-735, 1986.

9. Coller BS, Seligsohn S, Little PA. Type I Glanzmann
thrombasthenia patients from the Iraqi-Jewish and
Arab populations in Israel can be differentiated by
platelet glycoprotein IIIa immunoblot analysis.Blood
69:1969-1703, 1987.

10. Seligsohn U, Coller BS, Zivelin A, Plow EF, Ginsberg
MH. Immunoblot analysis of platelet glycoprotein IIb
in patients with Glanzmann thrombasthenia in Israel.
Br J Haematol72:415-423, 1989.

11. Coller BS, Cheresh DA, Asch E, Seligsohn U. Platelet
vitronectin receptor expression differentiates Iraqi-

Blood Cells, Molecules, and Diseases (1997) 23(3) Feb 15: 39–51 D.L. French and B.S. Coller
Article No. MD970117

48

BCMD 0117



Jewish from Arab patients with Glanzmann thrombas-
thenia in Israel.Blood77:75-83, 1991.

12. Newman PJ, Seligsohn U, Lyman S, Coller BS. The
molecular genetic basis of Glanzmann thrombasthenia
in the Iraqi-Jewish andArab populations in Israel.Proc
Natl Acad Sci USA88:3160-3164, 1991.

13. Kirchmaier CM, Westrup D, Becker-Hagendorff K,
Just M, Jablonka B, Seifried E. A new variant of
Glanzmann thrombasthenia (Frankfurt I).ThrombHae-
most73:1058, 1995 (abstract).

14. Chen FP, Coller BS, Weiss HJ, Xu LZ, French DL.
Glanzmann thrombasthenia due to a glycoprotein IIb
missense mutation Leu214Pro.Thromb Haemost73:
1191, 1995 (abstract).

15. Grimaldi CM, Chen FP, Wu CH, Weiss HJ, Coller BS,
French DL. Glanzmann thrombasthenia due to a
glycoprotein IIb missense mutation Leu214Pro identi-
fies a region important in ligand binding, Submitted,
1997.

16. Poncz M, Rifat S, Coller BS, Newman PJ, Shattil SJ,
Parrella T, Fortina P, Bennett JS. Glanzmann thrombas-
thenia secondary to a Gly273Asp mutation adjacent to
the first calcium-binding domain of platelet glycopro-
tein IIb.J Clin Invest93:172-179, 1994.

17. Bourre R, Peyruchaud O, Bray P, Combrie´ R, Nurden
P, Nurden AT. A point mutation in the gene for platelet
GPIIb leads to a substitution in a highly conserved
amino acid located between the second and the third
Ca11-binding domain.Blood86:452a, 1995 (abstract).

18. Wilcox DA, Paddock CM, Lyman S, Gill JC, Newman
PJ. Glanzmann thrombasthenia resulting from a single
amino acid substitution between the second and third
calcium-binding domains of GPIIb.J Clin Invest
95:1553-1560, 1995.

19. Ferrer M, Fernandez-Pinel M, Gonzalez-Manchon C,
Gonzalez J, Ayuso MS, Parrilla R. A mutant
(Arg327=His) GPIIb associated to thrombathenia
exerts a dominant negative effect in stably transfected
CHO cells.Thromb and Haemost76:292-301, 1996.

20. Wilcox DA, Wautier JL, Pidard D, Newman PJ. A
single amino acid substitution flanking the fourth
calcium binding domain ofaIIb prevents maturation of
the integrinaIIbb3 complex.J Biol Chem269:4450-
4457, 1994.

21. Basani RB, Vilaire G, Shattil SJ, Kolodziej MA,
Bennett JS, Poncz M. Glanzmann thrombasthenia due
to a two amino acid deletion in the fourth calcium-
binding domain of aIIb: Demonstration of the impor-
tance of calcium-binding domains in the conformation
of aIIbb3. Blood88:167-173, 1996.

22. Schlegel N, Gayet O, Morel-Kopp MC, et al. The
molecular genetic basis of Glanzmann’s thrombasthe-
nia in a Gypsy population in France: Identification of a

new mutation on theaIIb gene.Blood 86:977-982,
1995.

23. French DL, Chen FP, Xu L, Coller BS. A common
Arg584Stop mutation in glycoprotein (GP) IIb in 2
additional patients with Glanzmann thrombasthenia.
Blood88:30a, 1996 (abstract).

24. Moroi M, Yamamura J, Koga H, Miyazaki S, Jung SM.
Analysis of a variant form of platelet glycoprotein
(GP) IIb: a second patient with abnormal molecular
weight GPIIb.Thromb Res62:217-225, 1991.

25. KatoA,Yamamoto K, Miyazaki S, Jung SM, Moroi M,
Aoki N. Molecular basis for Glanzmann’s thrombasthe-
nia (GT) in a compound heterozygote with glycopro-
tein IIb gene: A proposal for the classification of GT
based on the biosynthetic pathway of glycoprotein
IIb-IIIa complex.Blood79:3212-3218, 1992.

26. Ruan CG, Gu JM, Wang XD, Chu XH, Pan JL.
Application of GPIIIa gene Taq I polymorphism to
determination of carrier status in Glanzmann’s throm-
basthenia families of Chinese origin.Thromb Haemost
68:64-69, 1993.

27. Gu JM, XuWF,Wang XD,WuQY, Chi CW, Ruan CG.
Identification of a nonsense mutation at amino acid
584-arginine of platelet glycoprotein IIb in patients
with type I Glanzmann thrombasthenia.Br J Haematol
83:442-449, 1993.

28. Vinciguerra C, ,ausTrzeciak MC, Philippe N, et al.
Molecular study of Glanzmann thrombasthenia in 3
patients issued from 2 different families.Thromb
Haemost74:822-827, 1994.

29. TomiyamaY, Kashiwagi H, Kosugi S, et al. Demonstra-
tion of a marked reduction in the amount of GPIIb in
most type II patients with Glanzmann’s thrombasthe-
nia.Br J Haematol 87:119-124, 1994.

30. Tomiyama Y, Kashiwagi H, Kosugi S, et al. Abnormal
processing of the glycoprotein IIb transcript due to a
nonsense mutation in exon 17 associated with Glan-
zmann’s thrombasthenia.Thromb Haemost73:756-
762, 1995.

31. Peretz H, Rosenberg N, Usher S, et al. Glanzmann’s
thrombasthenia associated with deletion-insertion and
alternative splicing in the glycoprotein IIb gene.Blood
85:414-420, 1995.

32. Iwamoto S, Nishiumi E, Kajii E, Ikemoto S. An exon
28 mutation resulting in alternative splicing of the
glycoprotein IIb transcript and Glanzmann’s thrombas-
thenia.Blood83:1017-1023, 1994.

33. Kolodziej MA, Vilaire D, Rifat S, Poncz M, Bennett
JS. Effect of deletion of glycoprotein Iib exon 28 on
the expression of the platelet glycoprotein Iib/IIIa
complex.Blood78:22344-2353, 1991.

34. Weiss HJ, Turitto VT, Baumgartner HR. Platelet
adhesion and thrombus formation on subendothelium

D.L. French and B.S. Coller Blood Cells, Molecules, and Diseases (1997) 23(3) Feb 15: 39–51
Article No. MD970117

49

BCMD 0117



in platelets deficient in glycoproteins IIb-IIIa, Ib, and
storage granules.Blood67:322-330, 1986.

35. French DL, Chen FP, Xu L, Weiss HJ, Coller BS. Two
unrelated doubly heterozygous patients with Glan-
zmann thrombasthenia have the same GPIIb mutation
resulting in loss of the transmembrane domain, Submit-
ted abstract,XVIth Congress of the ISTH, Florence,
Italy, 1997.

36. Weiss HJ, Kockwa S. Studies of platelet function and
proteins in three patients with Glanzmann thrombasthe-
nia.J Lab Clin Med71:153-165, 1968.

37. Hardisty R, Pidard D, Cox A, et al. A defect of platelet
aggregation with an abnormal distribution of glycopro-
tein IIb-IIIa complexes within the platelet.Blood
80:696-708, 1992.

38. Peyruchaud O, Nurden AT, Bourre F. Use of PCR-
SSCP to screen the exons of the GP IIb and GP IIIa
genes of a variant with Glanzmann thrombasthenia: A
mutation in the nucleotide sequence for the GFFKR
cytoplasmic domain of the integrin subunitaIIb (GPIIb).
Thromb Haemost73:1189, 1995 (abstract).

39. Simsek S, Heyboer H, de Bruijne-Admiraal LG,
Goldschmeding R, Cuijpers HTM, von dem Borne
AEGK. Glanzmann’s thrombasthenia caused by homo-
zygosity for a splice defect that leads to deletion of the
first coding exon of the glycoprotein IIIa mRNA.
Blood81:2044-2049, 1993.

40. Basani RB, Brown DL, Vilaire G, Bennett JS, Poncz
M. A b3 mutation (Leu117=Trp) located in proximity
to its RGD/calcium-binding domain results in a previ-
ously describedaIIb mutation phenotype.Blood 88:
32a, 1996 (abstract).

41. Ginsberg MH, Lightsey A, Kunicki TJ, Kaufmann A,
Marguerie G, Plow EF. Divalent cation regulation
of the surface orientation of platelet membrane glyco-
protein IIb. Correlation with fibrinogen binding func-
tion and definition of a novel variant of Glanzmann’s
thrombasthenia.J Clin Invest78:1103-1111,1986.

42. Loftus JC, O’Toole TE, Plow EF, Glass A, Frelinger
AL III, Ginsberg MH.Ab3 integrin mutation abolishes
ligand binding and alters divalent cation-dependent
conformation.Science249:915-918, 1990.

43. Ward C, Chao YL, Bray P, Newman PJ: Personal
communication 1997.

44. Jackson DE, Jennings LK, Newman PJ. A mutation
within the ligand binding domain of glycoprotein (GP)
IIIa (integrin b3) results in an unstable GPIIb-IIIa
complex that retains partial function in a novel form of
Glanzmann thrombasthenia.Blood88:280a, 1996 (ab-
stract).

45. Skogen B, Wang R, McFarland JG, Newman PJ. A
dinucleotide deletion in exon 4 of the PlA2 allelic form
of glycoprotein IIIa: Implications for the correlation of

serologic versus genotypic analysis of human platelet
alloantigens.Blood88:3831-3836, 1996.

46. Lanza F, Stierle A, Fournier D, et al. A new variant of
Glanzmann’s thrombasthenia (Strasbourg I). Platelets
with functionally defective glycoprotein IIb-IIIa com-
plexes and a glycoprotein IIIa214Arg=214Trp muta-
tion.J Clin Invest89:1995-2004, 1992.

47. Kouns WC, Steiner B, Kunicki TJ, et al. Activation of
the fibrinogen binding site on platelets isolated from a
patient with the Strasbourg I variant of Glanzmann’s
thrombasthenia.Blood84:1108-1115, 1994.

48. Nurden AT, Rosa J-P, Fournier D, et al. A variant of
Glanzmann’s thrombasthenia with abnormal glycopro-
tein IIb-IIIa complexes in the platelet membrane.J
Clin Invest79:962-969, 1987.

49. Djaffer I, Rosa J-P. A second case of variant of
Glanzmann’s thrombasthenia due to substitution of
platelet GPIIIa (integrinb3) Arg214 by Trp.Hum Mol
Genet2:2179-2180, 1993.

50. Fournier DJ, Kabral A, Castaldi PA, Berndt MC. A
variant of Glanzmann’s thrombasthenia characterized
by abnormal glycoprotein IIb/IIIa complex formation.
Thromb Haemost62:977-983, 1989.

51. Bajt ML, Ginsberg MH, Frelinger AL III, Berndt MC,
Loftus JC. A spontaneous mutation of integrinaIIbb3

(platelet glycoprotein IIb-IIIa) helps define a ligand
binding site.J Biol Chem267:3789-3794, 1992.

52. Newman PJ, Weyerbusch-Bottum S, Visentin GP,
Gidwitz S,White GC II. Type II Glanzmann thrombas-
thenia due to a destabilizing amino acid substitution in
platelet membrane glycoprotein IIIa.Thromb Haemost
69:1017, 1993 (abstract).

53. Bray PF, Shuman MA. Identification of an abnormal
gene for the GPIIIa subunit of the platelet fibrinogen
receptor resulting in Glanzmann thrombasthenia.Blood
75:881-888, 1990.

54. Li L, Bray PG. Homologous recombination among
three intragene Alu sequences causes an inversion-
deletion resulting in the hereditary bleeding disorder
Glanzmann thrombasthenia.Am J Hum Genet53:140-
149, 1993.

55. Jin Y, Dietz HC, Nurden A, Bray PF. Single-strand
conformation polymorphism analysis is a rapid and
effective method for the identification of mutations and
polymorphisms in the gene for glycoprotein IIIa.
Blood82:2281-2288, 1993.

56. Ward C, Kestin A, Newman PJ: Personal communica-
tion 1997.

57. Grimaldi CM, Chen FP, Scudder LE, Coller BS,
French DL. A Cys374Tyr homozygous mutation of
platelet glycoprotein IIIa (b3) in a Chinese patient with
Glanzmann’s thrombasthenia.Blood 88:1666-1675,
1996.

58. Grimaldi CM, Coller BS, French DL. The GPIIIa

Blood Cells, Molecules, and Diseases (1997) 23(3) Feb 15: 39–51 D.L. French and B.S. Coller
Article No. MD970117

50

BCMD 0117



Cys374-Cys386 disulfide loop is important for biosyn-
thesis and function of the GPIIb/IIIa receptor.Blood
88:279a, 1996 (abstract).

59. Djaffar I, Caen JP, Rosa J-P. A large alteration in the
human platelet glycoprotein IIIa (integrinb3) gene
associated with Glanzmann’s thrombasthenia.Hum
Mol Genet2:2183-2185, 1993.

60. Jin Y, Dietz HC, Montgomery RA, et al. Glanzmann
thrombasthenia. Cooperation between sequence vari-
ants incis during splice site selection.J Clin Invest
98:1745-1754, 1996.

61. Wang R, Ambruso DR, Newman PJ. Truncation in the
cytoplasmic domain of integrinb3 subunit confers an
inactivated state to theaIIbb3 complex in a variant type
of Glanzmann thrombasthenia.Blood 84:244a, 1994
(abstract).

62. Rosenberg N, Yatuv R, Orion Y, et al. Glanzmann
thrombasthenia caused by an 11.2 kilobase-deletion in

the glycoprotein IIIa (b3) is a second mutation in
Iraqi-Jews that stemmed from a distinct founder.
Blood, in press 1997.

63. Chen Y-P, Djaffar I, Pidard D, et al. Ser-752=Pro
mutation in the cytoplasmic domain of integrinb3

subunit and defective activation of platelet integrin
aIIbb3 (glycoprotein IIb-IIIa) in a variant of Glan-
zmann thrombasthenia.Proc Natl Acad Sci USA
89:10169-10173, 1992.

64. Chen Y-P, O’Toole TE, Yla¨nne J, Rosa J-P, Ginsberg
MH. A point mutation in the integrinb3 cytoplasmic
domain (S752=P) impairs bidirectional signaling
throughaIIbb3 (platelet glycoprotein IIb-IIIa).Blood
84:1857-1865, 1994.

65. Ylänne J, Huuskonen J, O’Toole TE, Ginsberg MH,
Virtanen I, Gahmberg CG. Mutation of the cytoplas-
mic domain of the integrinb3 subunit.J Biol Chem
270:9550-9557, 1995.

D.L. French and B.S. Coller Blood Cells, Molecules, and Diseases (1997) 23(3) Feb 15: 39–51
Article No. MD970117

51

BCMD 0117


