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Nucleotide Polymorphisms in thea, Gene Define Multiple Alleles
That Are Associated With Differences in Plateleta,f, Density

By Marcie Kritzik, Brian Savage, Diane J. Nugent, Sentot Santoso, Zaverio M. Ruggeri, and Thomas J. Kunicki

Three allelic differences in the a, gene are associated with
expression levels of the a,f; integrin on the platelet surface.
We have previously defined two linked silent polymor-
phisms in the a; gene coding region at nucleotides 807 (C or
T) and 873 (G or A). We have now identified one rarer
nucleotide polymorphism in the coding region at nucleotide
837 (T or C) and four additional linked polymorphisms within
the introns that flank these coding sequences. Moreover, we
have determined that the alloantigenic Br polymorphism,
which resides in a distal coding region at nucleotide 1648, is
also linked to the 837 polymorphism. Thus, three a; gene
alleles, defined by eight nucleotide polymorphisms, have

now been discovered. Allele 1 (807T/837T/873A/Brb) is asso-
ciated with increased levels of a,3;; allele 2 (807C/837T/873G/
Brb) and allele 3 (807C/837C/873G/Br?) are each associated
with lower levels of a,;. Finally, we also show here that the
rate of platelet attachment to type | collagen in whole blood
under conditions of high shear rate (1,500/s) is proportional
to the density of a;3; receptors on the platelet surface. Thus,
the density of platelet a;3; could have an important impact
on platelet adhesion to collagen in whole blood and there-
fore on platelet function in vivo, contributing to an increased
risk of thrombosis or to bleeding in relevant disease states.
© 1998 by The American Society of Hematology.

NTEGRINS ARE heterodimeric molecules composed of codon Ph#&?4 and 873 (ACA/ACG at codon TP of the

noncovalently associated and B subunits that mediate cDNA sequence. Although these particular variants do not
cell-cell and cell-matrix adhesidnThe integrin receptor for change the amino acid sequence of theprotein, we have
collagen/laminin,a,B; (also known as the platelet membrane found a significant correlation between these DNA sequence
glycoprotein la-lla comple%the very late activation antigen-2 polymorphisms and expression levelsogp;. We have found
[VLA-2],% and the class Il extracellular matrix receptor [EC- that the 807C/873G sequences are associated with lower levels
MII] 4), is expressed on a wide variety of cell types, including of a,p;, while the 807T/873A sequences are associated with
megakaryocytes, platelets, fibroblasts, endothelial cells, an@ligher levels of this integrin. In addition, familial studies
epithelial cells: Althougha,B, serves as a collagen receptor on confirm that regulation of,B; levels is an inherited trait linked
platelets and fibroblastsit functions as both a collagen and to these two silent polymorphisms. These alleles were referred
laminin receptor on endothelial cells and on many epithelial celllp as 807C (for the 807C/873G pair) and 807T (for the
types! 807T/873A pair).

PI’eViOUS Studies in our |ab0rat0ry haVe ShOWn that platelet |nth|s report, we have extended our ana|ysis Ofdbgene to
levels of azB, vary significantly among normal individuals, include the introns surrounding the nucleotide polymorphisms
whereas the levels of other integrins do noBecausexsB1  at bp 807 and 873. As a result of this work, we are now able to
mediates platelet adhesion to collagen in vivo, variation in itsqefine threax, gene alleles; two of these alleles are associated
expression levels could have a significant impact on plateletyit jower levels ofw,1, whereas one is associated with higher
function. Significantly, our recent analyses have shown thajeyels of this integrin. These allelic differencesdnB, levels
DNA sequence polymorphisms in the, gene are linked 0 ¢q1g modulate platelet function in vivo by influencing the
expression levels ofB; on platelets. The DNA sequence jicq) initial phase of stabilized platelet adhesion to collagen,
var!ants !dentlf_led mc_lude two conse_rvatlve changes in thewhich is mediated bya,B;. Indeed, we show here that
amino acid coding region af; at nucleotides 807 (TTT/TTC at  jiterences ina,B, receptor levels are reflected in the rate of

platelet attachment to type | collagen under conditions of high
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0006-4971/98/9207-0019%$3.00/0 TCGAGGTACAAGGCCTTGATATAGGCCC; 3 primer (cDNA bp
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764-786): AGGTCTAGACCATATTGGGATGTCTGGGATG. IntronH  Image LC; Matrox Electronics System Ltd, Dorval, Quebec, Canada)
was amplified using the following primer pair! primer (intron G bp and processing using the Metamorph software package (Universal
3506-3532): AATCTCGAGCGAATACTGGGATAAATACATGCAC; 3 Imaging Corporation, Westchester, PA). A threshold was applied to the
primer (cDNA bp 1090-1114): TCCTCTAGACCCAGCCTTTTCTAG- image to distinguish platelets from the background. The microscope
TAGAGCTGC. settings (including contrast, brightness, and magnification settings)
The polymerase chain reaction (PCR) products were ligated intovere maintained at constant values to facilitate valid comparisons
pGEM (Promega) after digestion witkbal and Xhol. Intron F was between different experiments.
found to possess an interngba | site. Therefore, each segment of
intron F was subcloned into pGEM separately. RESULTS
Br polymorphism analysis. Determination of Br genotype was Additional nucleotide polymorphisms linked to expression
performed as describéfl.Sixty-three individuals were typed for this |eyels ofayB; define three alleles of the, gene. We have
polymorphism; of Fhese, 13 were heterozygous for this pOIYmorphismvpreviously described the variation B, levels that exists
whereas the remainder were homozygous for tHepBlymorphism. 5 inq individuals. In studying this variability in expression
fral:g)(;t::]ﬂz:;ﬁ]npgs r;o%;e)ﬂios?/np(eR:Eg])gag;ZyggLE/(’i\l(;joe-b:o rse:;'ncé'r?tn levels, our analysis of mRNA from six individuals expressing
different levels ofx,3, revealed two linked nucleotide polymor-

of intron G encompassing thiggl [l and Ndel sites was amplified from . )
genomic DNA using the following primer pair? Brimer (intron G bp phisms, separated by almost seventy nucleotides, at bp 807 and

2789-2812): GATTTAACTTTCCCGACTGCCTTC; Jrimer (intron 873 in thew, coding region. These were the only two nucleotide
G bp 3346-3369): CATAGGTTTTTGGGGAACAGGTGG. polymorphisms identified within the-3.5-kba, coding region
The PCR product (5 pL) was digested in a 15 pL reaction volumethat consistently varied among the samples studied. Based on
using 0.5 pL ofBgl Il or Ndel (NEB) in the recommended reaction this work, subsequent analyses of 30 individuals showed that
buffer at 37°C overnight. Reaction products were analyzed on a 1.4%he 807/873 nucleotide polymorphisms were associated with
agarose gel. differences in expression levels afB;; the 807C/873G pair
Preparation of collagen-coated cover slipsAcid soluble type | was found to be associated with lower levelscaf; , the
collagen from human placenta (Sigma, St Louis, MO) was diluted to a307T/873A pair with higher levels of this integrin.

concentration of 200 mg/mL. in phOSphate_bUﬁered S"?‘"ne (PI.BS)’ PH In the present study, we have continued our analysis afthe
7.4, and applied evenly over a horizontal glass cover slip (Corning, Inc,

Corning, NY; 24 mmx 50 mm), covering all but the first 10 mm, which gene to deterrr_une if qddltlonal sequence polymorphls_ms exist
remained uncoated to facilitate handling. Coated cover slips were theflat are associated with the 807 and 873 polymorphisms and
placed in a humid environment at room temperature for 60 minutesWith expression levels ok,3;. Analysis of a larger group of
Excess collagen was removed by four sequential rinses with PBS, pHndividuals has now led to the identification of an additional,
7.4, and assembled in the flow chamber. Blocking the cover slips withrarer nucleotide polymorphism (C or T) in the coding region of
bovine serum albumin (0.1 mg/mL) did not affect initial platelet thea,gene, at bp 837. As with the polymorphisms at bp 807 and
adhesion or subsequent thrombus formation, and uncoated cover slig73, the polymorphism at bp 837 does not changedreding
did not support platelet adhesiéh:2 _ _ sequence. In this variard C rather than a T is found at bp 837
_ Perfusion chamber and epifluorescence video microscoplatelet i, 5 sma|| subset of individuals (Fig 1). In our study group, 13
interaction with immobilized collagen was studied using a modification s .
out of 85 individuals screened were heterozygous C/T at this

of a Hele-Shaw flow chamber described elsewR&téCollagen-coated ition: all 13 of th ndividual ther h
cover slips formed the lower surface of the chamber with a flow pathpOS't'On' a ofthese individua's were either heterozygous or

height of 254 mm (determined by a silicone rubber gasket). The flow0mMozygous for 807C/873G, indicating strong linkage with the
chamber was assembled and filled with PBS, pH 7.4. A syringe pumg337C polymorphism.

(Harvard Apparatus Inc, Holliston, MA) was used to aspirate blood This nucleotide variation therefore defines a third allele of the
through the flow chamber. A flow rate of 1.94 mL/min produced a wall a; gene, which is present at a frequency of approximately 8% in
shear rate of 1,500/s at the inlet of the flow chamber. All measurementshe population. It is striking that the three nucleotide polymor-
of platelet adhesion and thrombus formation were made at a positiojhhisms we have identified are clustered in one segment o,the

adjacent to the inlet of the chamber so as to avoid prior exposure OEoding region. For this reason, we extended our analysis of the

flowing platelets to the t.hrombogenic surfacg and_ preformed thrombi.OL2 gene to include the three introns flanking bp 807, 837, and
Platelets were labeled in whole blood by direct incubation with the

! L : L 873 (introns F, G, and H). We have cloned these introns, and the
fluorescent dye mepacrine (quinacrine dihydrochloride; 10 mmol/L, . . . .
final concentration). Although this dye also labels leukocytes, theses‘equenc_es of this region have been deposited with GenBank
cells could be readily distinguished from platelets by their relatively (Accession No. AF035968).
large size and scarcity; moreover, permanent leukocyte attachment to YWe have identified several sequence variations in-thekb
collagen was negligible at wall shear rates above 500/s. Red cells werdtron that separates bp 807 and 873 (intron G). Each of these
not visualized due to fluorescence quenching by hemoglobin. Mepaadditional nucleotide polymorphisms is always found associ-
crine concentrates in the dense granules of platelets and has no effect eted with the particular, allele indicated in Fig 1, thereby
normal platelet function at the concentration us&Rlatelet secretion establishing their linkage to the 807 and 873 polymorphisms. Of
after adhesion does not prevent their visualization. Furthermore preViparticular interest for screening purposes (see belowpigl #
ous stgdi(—;s have shown that mepacrine does not_ interfere with pl_atelgiastriction site created by the nucleotide sequence present in
adhesiort? The flow chamber, mounted on an epifluorescence MICro~; +ron G of allele 1. As depicted in Table 1, tHgl Il site is

scope (Axiovert 135M inverted microscope, Carl Zeiss Inc, NewYork,f d iated | ih allele 1. S h leotid
NY), allowed direct visualization in real time of the platelet adhesion ound associated only with allele 1. >eventy nucieotides

process, which was recorded on a video cassette recorder. upstream of th@gl Il site, we have also identified dvdel site,
Platelet surface coverage measurementEhe total area occupied Presentin alleles 1 and 2, but are absentin allele 3. Interestingly,

by adherent platelets in an area of 16,384 snmas measured by this nucleotide variation is linked to the polymorphism at bp

capturing images from the video tape using a frame grabber (Matrox837, where only individuals carrygna C at bp 83Tvere found
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Fig 1. Structure of the «, gene surrounding the 807 and 873 polymorphisms. Three «, gene alleles, defined by eight nucleotide
polymorphisms, are indicated in the figure. Exons 6 through 9 are shown in boxes; positions of the exons in the cDNA sequence and the length of
each exon are indicated beneath each exon box. The polymorphisms at bp 807, 837, and 873 are shown in bold. The Br polymorphism at bp 1648
is also shown in bold to the right. Introns F, G, and H are indicated. The length of each intron is shown in parentheses. The frequency (f) of each
allele was determined from a random pool of 85 individuals. cDNA and intron positions of the polymorphisms are indicated. The ability of each
allele to be cleaved by Nde | or Bglll (+ or —) is indicated in tabular form next to each allele. The precise bp differences that change susceptibility
to cleavage by Nde | or Bgl Il within intron G are indicated.

to lack theNdel site. The previously defined Br polymorphism associated with that genotype. Nonetheless, the clustering of
at nucleotide 1648 also appears to be linked to these polymor- nucleotide polymorphisms identified so far suggests that this
phisms; only individuals carryma C at bp 83%vere found to  region of thea, gene might harbor elements important in the
carry the Bf polymorphism. regulation ofo, expression.

The linkage associations between the polymorphisms at bp «, allele genotyping using Bgl II/Nde | restriction analysis.
807/873/837, theNde | site, and the Br polymorphisms are We have developed a strategy to type individuals for each of the
given in Table 2. Two additional nucleotide polymorphisms three alleles using the polymorphic Bgl Il ahdlel restriction
linked to bp 807/873 were also identified, one near therfel of  sites described above. The region of intron G encompassing
intron G and one in the 300 bp intron that lies downstream of bpthese sites was amplified from genomic DNA as described in
873 (intron H), although our analysis is limited to only a few Materials and Methods, and the resulting PCR products were
individuals at the present time. Finally, our preliminary data digested witfBgl Il or Ndel. Analysis by agarose gel electropho-
indicate that nine additional base variations in intron F, whichresis resulted in clearly resolved patterns from which the
lies upstream of bp 807, may be linked to the already definedyenotype of individuals could be readily determined (Fig 2). As
alleles. However, these particular base changes (determined feeen in panel A, the 600-bp PCR product amplified from
just one 807T allele and one 807C allele) need to be confirmedhdividuals expressing alleles 2 and/or 3 (lanes 5 and 6) or from
among a larger pool of 807C and 807T individuals. the control sequence (lane 7) remained undigeste8diyl.

Thus, threea, gene alleles, defined by eight nucleotide The PCR product produced from individuals homozygous for
polymorphisms, have now been defined. We had previously

shown that_ alleles 1 and 2 of the gene, deﬁne_d only _by the Table 2. Association Between the Presence of the Nde | Site
polymorphisms at bp 807 and 873, were associated with high or and &, Genotype
low a,B; levels, respectively. The third allele we now define Nde | Site
carries the 807C/873G polymorphisms and would have there- - Br Type
f b iated with | I | . . Genotype Complete Partial - -
ore_ een a_ss_,oma ea wi ower leve S(QBl In our previous ay Alleles Digest Digest Undigested ala a/b b/b
studies. Individuals homozygous for allele 3 have not yet been
identified by us, precluding a direct analysis ®ff3; levels n 4 0 0 0 0 12
y us, p 9 y L 2/2 5 0 0 0 0o 17
o ) 1/2 7 0 0 0 0 21
Table 1. Association Betwe?n the Presence of the Bgl Il Site and 13 0 2 0 0 4 0
Expression of a, Allele 1 23 0 5 0 0 9 0
Allele 1 Bgl Il Digestion Pattern* 313 - - - - - -
Copy
Number Complete Digest Partial Digest Undigested Allelic genotype combinations are depicted in the first column.
5 2 o o Individuals homozygous for allele 3 have not yet been detected in this
study. The patterns of Nde | digestion were determined, as per the
1 0 17 0 . F— . . .
0 0 o 17 examples depicted in Fig 2B. Br typing was performed as described in

Materials and Methods. The number of individuals whose DNA
*The number of donors whose DNA amplicon gave the indicated amplicon gave the representative digestion pattern with Nde | is
digestion pattern is noted, as per the examples depicted in Fig 2A. depicted for each allelic genotype.
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Fig2. «, allele genotyping using Bgl/1l/Nde | digestion. The region of the a, gene encompassing the Bgl Il and Nde | sites was amplified from
genomic DNA as described in Materials and Methods. The 600-bp PCR product was digested with Bgl Il (A) or Nde | (B), and the resulting products
were analyzed by agarose gel electrophoresis. Lanes 1 and 2, homozygous (allele 1); lane 3, heterozygous (allele 1, allele 3); lane 4, heterozygous
(allele 1, allele 2); lanes 5 and 6, homozygous (allele 2); lane 7, control sequence 807C/837C/873G; lane 8, control sequence 807T/837T/873A,; lane
9, molecular weight (MW) AHind Ill/bX174Hae ll1; lane 10 (B only), heterozygous (allele 2, allele 3). The 807, 837, and 873 designations refer to the
genotype as determined by Southern dot blot analysis of genomic DNA.° Size of MW markers (in bp) is indicated to the right of the figure.

allele 1 (lanes 1 and 2) or from the control sequence (lane 8) wakr allele 2 (807C) are depicted in Fig 3. Coverage of the
completely digested bRgl Il to produce fragments of 200 bp collagen-coated surface increased over time with platelets from
and 400 bp, whereas that produced from individuals expressingoth individuals, and by 3 minutes there was essentially no
allele 1 and either allele 2 or 3 yielded fragments of 200 bp, 400difference in the total surface coverage between the two
bp, and 600 bp (lanes 3 and 4). samples. However, the rate at which platelet deposition oc-
The same PCR products were digested Wtlel to permit  curred differed significantly between paired donor samples. The
determination of allele 3. As seen in panel B, only thoseresults from a comparison of three 807T and three 807C donors
products generated from individuals carrying allele 3 or fromare summarized in Fig 4. In the case of the 807T donors, the rate
the control sequence remained undigestetltgl (lanes 3, 7, of platelet attachment was significantly faster, particularly
and 10). As none of the individuals screened were homozygouwiithin the first 2 minutes of adhesion (Fig 4). Thus, at high
for allele 3,Ndel in each case cuts some product (excluding theshear rates in whole blood, the rate of platelet attachment to type
control sequence in lane 7). Thus, we describe here a novelcollagen increases with increasing densitygf8;.
RFLP method for rapidly determining the, genotype at
positions 807, 837, and 873 from genomic DNA. This technique
therefore provides a simple method for discriminating among We have previously defined two linked, silent polymor-
the threex, gene alleles described above. phisms in thea, gene that are associated with variable
Sequence analysis of intron GSequence analysis of intron expression levels af,B, on platelets and that define two alleles
G has further revealed the presence of a unique inverted repeaf the a, gene? In this report, we describe the identification of
in this region (Fig 1). Separated by2.5 kb, the inverted repeat five additional nucleotide polymorphisms in the region surround-
sequences, which do not have significant homology withing bp 807 and 873. These polymorphisms are linked to those
sequences currently in the database, are 275 bp long, have tipeeviously described and to expression levelsagf Indeed,
potential to form a stem loop structure based on sequencéhree o, gene alleles, defined by eight nucleotide polymor-
analysis, and are present in all of the gene alleles describeghisms, have now been confirmed.
above. Itis not clear whether these sequence changes are themselves
The rate of platelet adhesion to collagen at high shear rateinvolved in differentiala, expression or if they are merely
increases with increasing,p; receptor density. We com-  physically linked to the region responsible for modulating
pared the behavior of platelets from individuals homozygouslevels. Studies are currently underway to investigate this
for allele 1 with those expressing only alleles 2 or 3 to assess thquestion. In the discussion that follows, we describe several
influence of ayB; receptor density on adhesion to type | possible mechanisms through which these exonic and/or in-
collagen. Whole blood was perfused over immobilized type Itronic polymorphisms might be linked to expression levels of
collagen under high shear rate conditions (1,500/s). The resultthe a3, integrin; other mechanisms are certainly possible.
from one representative comparison between an individual There are a number of ways in which DNA sequence
homozygous for allele 1 (807T) and an individual homozygousalterations could influence gene expression. For example,

DISCUSSION
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Fig 3. Video microscopy of platlet attachment to human type | collagen at high shear (1,500/s). Real-time epifluorescence video microscopy
showing the time courses of platelet adhesion in whole blood to surface-bound solubilized human type | collagen at 1,500/s. Single-frame
images obtained during a typical comparison are depicted. These data, derived from one donor pairwise analysis, are representative of results
obtained from six donors. Upper row: normal donor, homozygous allele 1 (807T) genotype, High platelet a, 8, density; bottom row: normal donor,
homozygous allele 2 (807C) genotype, Low platelet a,B; density. Time after initiation of whole blood flow is shown above each column. Platelet
a,B; density was determined by flow cytometry and is expressed as a normalized mean fluorescence intensity (nMFI).° The range of nMFI for 32
normal subjects is 1.0 to 9.4. In the experiment depicted here, the nMFI values for each donor are: High, 9.2; Low, 2.2.

changes in specific promoter elements could influence promoteg~ 4 ¢
activity, resulting in increased or decreased mRNA levels. S
Expression ofa,B; in hematopoietic cells is restricted to
megakaryocytes and platelétsZutter et al> have shown that
induced expression af,3; during megakaryocytic differentia-
tion is due to transcriptional activation of the, gene; no
changes in the level o8; mMRNA expression were detected
during megakaryocytic differentiation. Approximately 5 kb of
the 5 sequence flanking the transcriptional start site has been
cloned, and regions critical for, expression have been
identified1® Although a strong core promoter region located in
the first~100 bp upstream of the transcriptional start site was
found to be necessary for gene activity, it was not found to be
cell-type specific. A silencer element located upstream of this :
region (between-92 and—351) was found to function in cells 0 1.0 20 3.0 4.0
of hematopoietic lineage, and enhancer elements identifiel

further upstream (between1426 and—2592) were found to be Time (minutes)
megakaryocyte-specific and were required for high-level expres-

sion of the 062 gene in megal.(aryocytlc cells. In addition, a 1,500/s. Time course of platelet attachment to surface-bound solubi-
number of sites for transcription factors and other regulatoryji;eq human type I collagen. The area (square microns) covered by
molecules have been identified in the region upstream of th@atelets is depicted on the ordinate as a function of time after
transcriptional start site. Sequence variations in these or othenitiation of blood flow, in minutes (abscissa). The results of three

regulatory elements could have a profound impact on expresRaired comparisons are shown (n = 3; mean = SEM). (O) High-density
sion levels ofx donors (mean nMFI = 6.5); (®) low-density donors (mean nMFI = 2.1).
2.

. o . . The levels of expression of a,B; in high-density donors was threefold
_ In addition to promoter varlz_atlons influencing gen_e ex_pres'thatin low-density donors. Differences at 1.5, 2.0, and 2.5 minutes are
sion, the 3 untranslated region (BTR) of ap which is statistically significant (P < 0.01).

20t

1.0 ¢}

Surface Coverage ( um? x1

Fig4. Time course of platelet adhesion to human type | collagen at
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approximately 5 kb, might modulate protein expressicon3 3. Takada Y, Wayner EA, Carter WG, Hemler ME: Extracellular
translated regions have been shown to influence mRNA stabilitynatrix receptors, ECMRII and ECMRI, for collagen and fibronectin

as well as message translatidnit is also possible that the correspond to VLA-2 and VLA-3 in the VLA family of heterodimers. J

polymorphisms at bp 807 and 873 are directly related to allelicCe!l Biochem 37:385, 1988 _
4. Kunicki TJ, Nugent DJ, Staats SJ, Orchekowski RP, Wayner EA,

differences ina, expression. Modulation of expression levels ) )
-y - . Carter WG: The human fibroblast class Il extracellular matrix receptor
by sequences within the coding region of RNA has been” " : o
described previousi#2° Differences in intragenic sequences mediates platelet adhesion to c;ollagen and.ls identical to the platelet
: . glycoprotein la-lla complex. J Biol Chem 263:4516, 1988

could also influencer, gene expression. There are NUMErous ™ s - zytter MM, Santoro SA: Widespread histologic distribution of the
reports of enhancer or repressor elements located in intronig,g, integrin cell-surface collagen receptor. Am J Pathol 137:113, 1990
sequenced:-2® Indeed, the fact that the polymorphisms so far 6. Elices MJ, Hemler ME: The human integrin VLA-2 is a collagen
identified are clustered in one region of thg gene suggests receptor on some cells and a collagen/laminin receptor on others. Proc
that this region might harbor critical control elements involved Natl Acad Sci USA 86:9906, 1990
in the regulation ofv, expression. 7. Kirchhofer D, Languino LR, Ruoslahti E, Pierschbacher MD:

In whole blood, under a broad range of shear rates (50 tae2B1 integrins from different cell types show different binding specifici-
1,500/s),a,p; mediates the initial phase of stabilized platelet ties- J Biol Chem 265:615, 1990 _ o
adhesion to collagen that will lead to accelerated prothrombin 8 Kunicki TJ, Orchekowski R, Annis D, Honda Y: Variability of

conversion on the platelet surface and thrombus forrnation|ntegrin alpha 2 beta lactivity on human platelets. Blood 82:2693, 1993
P 9. Kunicki TJ, Kritzik M, Annis DS, Nugent DJ: Hereditary variation

i i 24-26

suppprted by thg Integrln"ng_. .I—.|owever, even when the in platelet integrina,B; copy number is associated with two silent
anCFlon ofaypPsis ComPFEtely 'nh'b't_ed "fmd th”?m_bus forma- o1vmorphisms in thew, gene coding sequence. Blood 89:1939, 1097
tion is blocked a,f3;-mediated adhesion Its_elf still 'ndl_Jces the * 10. Kalb R, Santoso S, Unkelbach K, Kiefel V, Mueller-Eckhardt C:
cellular changes that catalyze prothrombin conversion to the ocalization of the Br polymorphism on a 144 bp Exon of the GPla
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