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DIAGNOSIS OF ABNORMAL BLOOD CONDITIONS BASED ON POLYMORPHISMS IN THE
GLYCOPROTEIN VI GENE
This invention relates to the diagnosis of abnormal blood conditions, in particular to

diagnosis of an increased risk of bleeding.

Glycoprotein VI (GPVI) plays a crucial role in platelet activation and aggregation.
Deficiency of GPVI is associated with a mild bleeding phenotype and a major reduction in
the response to collagen on platelets (Moroi ef al, 1989). GPVI is a 63 kDa type I
transmembrane platelet glycoprotein and is the major signalling receptor for collagen on
platelets (Watson et al, 2001). The mature GPVI protein consists of 319 amino acids, the
first 185 encoding two immunoglobulin (Ig)-like C2 type folds, a highly glycosylated stem of
64 amino acids, an arginine containing 19 amino acid transmembrane domain and a 51 amino
acid cytoplasmic domain (Clemetson et al, 1999). Collagen binds GPVI via the two tandem
Ig-like domains and clustering of GPVI upon interaction with collagen results in signalling

via the y chain of the FceR.

The GPVI gene has multiple alleles, but two of these are frequently used in Caucasians:
GPVI2 and GPVIP. The ¢cDNA sequences of these alleles are shown in Figure 8, and the
cDNA sequence and translation of the GPVI? allele is shown in Figure 7. The proteins

encoded by the GPVI2 and GPVID alleles differ by five amino acids. Three of these are in the
stem (S219P, K237E, T249A), and two are in the cytoplasmic domain (Q317L and H322N).
Croft et al, 2001, have reported that homozygosity for the ‘b’ allele encoding P219 (referred
to as T13254C by Croft et al, 2001) is associated with an increased risk of myocardial

infarction, particularly in older female individuals.

Collagen related peptide (CRP, a triple-helical peptide containing a glycine-proline-
hydroxyproline repeat motif) acts specifically via GPVI to activate platelets, and results in a
signalling cascade very similar to that evoked by native collagen (Kehrel ez al, 1998; Knight
et al, 1999). We observed a significant inter-individual variation in the platelet aggregation
response to CRP, and measurement of the GPVI expression in 89 Caucasoids with a
recombinant human antibody showed a three-fold variation. We postulated that these

differences may be associated with the presence of different GPVI alleles. To address this
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question we performed a high resolution single nucleotide polymorphism (SNP) map of the
GPVI gene from 188 chromosomes. This confirmed the presence of two frequently used
alleles with frequencies of 0.85 (allele ‘a’, wild-type allele) and 0.13 (allele b, low frequency
allele) (recent studies have found the frequencies to be 0.79 and 0.18, respectively), together
with a lnumber of rare alleles which most likely arose by conversion and crossing-over.
Genotyping of 1153 Caucasians for all 5 amino acid replacement mutations resulted in the

identification of 28 normal donors homozygous for the low frequency allele.

We compared GPVI expression between donors homozygous for these two alleles and
observed that the most common allele, encoding SKTQH (n=7 matched donors homozygous
for the minor allele PEALN), showed a significantly higher GPVI expression. The difference
in GPVI expression was associated with an approximately ten-fold difference in the dose-
response to CRP. This difference although less prominent was confirmed when collagen type
I (ethicon) was used to induce aggregation and in thrombin generation assays . Not
surprisingly the differencé was reflected in several events downstream of GPVI activation,
including o granule release as measured by expression of P selectin, and binding of

fibrinogen and annexin V.

The observation that the GPVIDD genotype is associated with less responsive platelets is
surprising in the light of the work by Croft e al (2001) reporting a link between this allele

and myocardial infarction.

According to the invention there is provided a method of diagnosing whether a subject has, or
is at risk of, an abnormal blood condition associated with an increased risk of bleeding which

comprises determining the GPVI allelotype of the subject to determine whether the subject is

homozygous or heterozygous for the GPVID allele.

Platelets of subjects who are homozygous for the GPVIP allele have a reduced ability to
respond to CRP and to induce thrombin generation. Such individuals are thought to have an

increased risk of bleeding. It is also possible that subjects who are heterozygous for the

GPVIDP allele have an increased risk of bleeding.
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The GPVI allelotype of the subject may be determined by any suitable method. In a preferred
method, one or more single nucleotide polymorphisms (SNPs) which are distinctive of a
GPVI allele are detected for (suitably by genotyping of nucleic acid, preferably DNA,
encoding GPVI) in order to determine the GPVI allelotype. Preferably the or each SNP which
is detected for is selected from the five SNPs which give rise to amino acid differences
between the protein expression products of the GPVI2 and GPVIP alleles (there are other
SNPs of the GPVI gene which are not associated with amino acid changes). The five SNPs
are at positions 655, 709, 745, 950, and 964 of the GPVI ¢cDNA sequence (these correspond
to positions 13010, 9570, 22524, 23246, and 23260 of the GPVI genomic sequence,
respectively, and positions 199, 217, 229, 297, and 302 of the amino acid sequence,
respectively (see Table 4), or positions 219, 237, 249, 317, and 322 of the amino acid
sequence, respectively, if the signal peptide is included (see Figure 7)). Figure 7 shows the

wild-type GPVI (GPVI?) cDNA sequence and translation - the SNPs that encode amino acid
substitutions are marked. The cDNA sequences of the GPVI? and GPVIP alleles are shown in
Figure 8. The GPVI? allele contains T at 655, A at 709, A at 745, A at 950, and C at 964. The

GPVID allele contains C at 655, G at 709, G at 745, T at 950, and A at 964. The amino acids
encoded by the SNPs at positions 655, 709, 745, 950, and 964 of the GPVI cDNA sequence
are at positions 219, 237, 249, 317, and 322 of the GPVI amino acid sequence (see Figure 7).

The GPVI? allele protein expression product contains S at 219, K at 237, T at 249, Q at 317,

and H at 322. The GPVIP allele protein expression product contains P at 219, E at 237, A at
249, L at 317, and N at 322.

From the study reported in the Example 1 below, the distribution of GPVI allelotypes in
Caucasians was calculated to be 65% (755/1153) GPVI44, 25% (288/1153) GPVI4b, 2%
(23/1153) GPVIPD, and 7% (80/1153) rare alleles (shown schematically in Figure 11). The

rare alleles are thought to have arisen from conversion or crossing over. The existence of rare

alleles means that a test in which a single SNP distinctive of the GPVI® or GPVI alleles is

detected for to determine whether the subject has a GPVIaa, GPVIab, or GPVIbb allelotype
would give a false result for a subject with a rare allelotype. Because the frequency of rare
alleles was found to be 7% in the Caucasoid population examined, the accuracy of such a test
may be considered to be unacceptably low for clinical use. In order to increase the accuracy

of the test, it is necessary to test for more than one SNP. Most preferably, all five SNPs which
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give rise to amino acid differences between the protein expression products of the GPVI2 and

GPVIY alleles are detected for.

In the study reported in Example 2 below, an additional 183 individuals (1127 Caucasians, 63
Koreans, 40 South African blacks, 40 Ethiopians and 40 Curacao) were investigated to fully
characterise variation in GPVI. Based on the typing of the core panel of 1,127 Caucasoid it
was concluded that for a reliable assignment of a GPVI core haplotype of 5 non-synonymous
SNPs, testing on at least two SNPs is required. An over 99.5% reliability of haplotype
assignment can be achieved when testing is performed at position T13010C (S199P) and at
position A23246T (Q297L). Thus, where the subject is a Caucasian, preferably at least two

SNPs which are distinctive of the GPVID allele are detected for. Preferably the SNPs are at
positions 13010 and 23246 of the genomic sequence.

There is a high level of haplotype diversity in several non-Caucasoid populations. SNP
typing at preferably all 5 replacement mutations is required for a reliable assignment of the
haplotype in many of these other populations, i.e. South African blacks, Ethiopian blacks,

Dutch Antilles and several Far Eastern populations. Thus, where the subject is non-

Caucasian, preferably all 5 SNPs which are distinctive of the GPVIP allele and give rise to
amino acid differences between the protein expression products of the GPVIa and GPVIb

alleles are detected for.

We have also observed that there is in Caucasians a poor correlation between the SNP at
position C-154T (Promoter mutation) and the core haplotype as defined by T13010C (S199P)
and A23246T (Q297L). The former (C-154T) should not, therefore, be used to reliably

predict expression levels of GPVL

Detection for the, or each SNP may be carried out using any suitable method. Suitable in
vitro methods of SNP detection known to those of ordinary skill in the art include real-time
PCR, fluorimetric analysis, restriction enzyme analysis, restriction fragment length
polymorphism (RFLP), single strand conformation polymorphism (SSCP), or use of a probe
(preferably a labelled probe) which hybridises specifically to a region of nucleic acid which
includes an SNP, use of a micro array comprising a probe which hybridises specifically to a

region of nucleic acid which includes an SNP, and sequencing of nucleic acid.
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SNPs may be detected for in genomic DNA, RNA (for example platelet mRNA or total
RNA), cDNA, or nucleic acid amplified from genomic DNA, RNA, or cDNA. Nucleic acid
amplification may be carried out using any suitable method, for example the PCR, ligase

chain reaction, or 3SR methods.

In other methods for determining GPVT allelotype, the presence of a protein product encoded
by a GPVI allele may be detected for. This may be achieved by use of an antibody, or
fragment or derivative thereof, specific for the protein expression product. An antibody, or
fragment or derivative, is specific for a protein expression product of a GPVI allele if it can

be used to distinguish one GPVI allele expression product from another. Preferably the

antibody, or fragment or derivative thereof, is able to distinguish the GPVI? and GPVIDP allele

protein expression products.

Specific antibodies may be obtained by use of a polypeptide with an amino acid sequence
corresponding to the sequence of a region of a GPVI allele protein expression product which
includes an amino acid residue encoded by an SNP distinctive of the GPVI allele. Preferably

the polypeptide includes an amino acid sequence corresponding to a region which includes

any of the following positions of the GPVI2 or GPVID allele protein expression product: 219,
237, 249, 317 and 322. Preferably the polypeptide is 4-100, more preferably 7-50 amino
acids in length.

In other methods, the presence of the protein expression product of a GPVI allele may be
detected for on the basis of its molecular weight, for example by using comparative
electrophoretic mobility or mass spectrometry, or using isoelectric focusing. It is possible that

the molecular weight of the two allele protein expression products may vary due to
differences in glycosylation, in particular the GPVI? allele product may be heavier than the
GPV1b allele product as a result of two potential extra O-glycosylation sites present in the

GPVI2 allele product. The allele protein expression products also differ in charge, because of

the polymorphism at position 217. .

In further methods, the GPVI allelotype of the subject may be determined by measuring the
total expression of GPVI in platelets of the subject. The level of expression of the GPVID

5
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allele is much lower than the GPVI? allele. Expression could be measured, for example by
Western blotting using the antibodies 10B12 and 1C3 (described in Example 3 below) as
described in Joutsi-Korhonen et al (Blood, Jan 30, 2003). An advantage of such methods is

that specific antibodies able to distinguish the GPVI2 and GPVIP allele protein expression

products are not required.

According to the invention there is also provided an antibody specific for a protein
expression product of a GPVI? allele, or fragment or derivative thereof, There is also

provided an antibody specific for a protein expression product of a GPVID allele, or fragment
or derivative thereof. Such antibodies can be used in a method of the invention for diagnosing
whether a subject has, or is at risk of, an abnormal blood condition associated with an

increased risk of bleeding,.

There is also provided according to the invention an abnormal blood condition diagnosis kit

which comprises means for determining the GPVI allelotype of a subject to determine

whether the subject is homozygous or heterozygous for the GPVID allele, wherein the

abnormal blood condition is associated with an increased risk of bleeding.

The invention also provides a kit for diagnosing whether a subject has, or is at risk of, an
abnormal blood condition associated with an increased risk of bleeding, which comprises

means for determining the GPVI allelotype of the subject to determine whether the subject is

homozygous or heterozygous for the GPVIP allele, wherein the determining means allow

detection of two or more SNPs, or amino acids encoded by two or more SNPs, which are
distinctive of the GPVIV allele. The kit may further comprise determining means for

detection of two or more SNPs, or amino acids encoded by two or more SNPs of the GPVI2
allele. Preferably the determining means allow detection of SNPs at positions 655, 709, 745,
950, and 964 of the cDNA sequence (or positions 13010, 19570, 22524, 23246, and 23260 of

the genomic sequence).

The invention also provides a corresponding method for diagnosing whether a subject has, or
is at risk of, an abnormal blood condition associated with an increased risk of bleeding, which

comprises determining the GPVI allelotype of the subject to determine whether the subject is

homozygous or heterozygous for the GPVIP allele, wherein two or more SNPs, or amino
6
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acids encoded by two or more SNPs, which are distinctive of the GPVIP allele are detected

for.

Where a kit or method of the invention is for diagnosing a Caucasian, preferably the
determining means is for detection of SNPs at genomic nucleotides 13010 and 23246. Where
a kit or method of the invention is for diagnosing a non-Caucasian, preferably the
determining means is for detection of SNPs at genomic nucleotides 13010, 19570, 22524,
23246, and 23260.

The determining means may include a probe capable of hybridising specifically to a region of
GPVI nucleic acid which includes an SNP distinctive of a GPVI allele. The probe preferably
comprises nucleic acid consisting of 8-50 nucleotides. The probe preferably hybridises under
stringent conditions. Stringent conditions are defined herein as 0.1x SSC, 0.1%SDS at 65
degrees C. The determining means may include an antibody, or fragment or derivative
thereof, which is specific to the protein expression product of a GPVI allele. The determining

means may include probes and primers required for detection of the SNPs by real-time PCR.

The kits may be provided with all the reagents necessary for the determination of the GPVI
allelotype. For example, the kits may include oligonucleotide primers for amplification of
nucleic acid which includes an SNP to be detected for, labels for detection of bound
antibodies, or probes, reagents for isolating or obtaining genomic DNA, mRNA or ¢cDNA

from a biological sample obtained from the subject.

The kits may be provided with instructions for the use thereof as a test to diagnose whether a
subject has, or is at risk of, an abnormal blood condition associated with an increased risk of

bleeding.

There is further provided according to the invention use of a probe capable of binding
specifically to a region of GPVI nucleic acid which includes an SNP distinctive of a GPVI

allele for the diagnosis of an abnormal blood condition.

Subjects who are homozygous for the GPVIP allele are termed herein easy bruisers (EBs).

Such individuals may be normal healthy individuals, but the EB phenotype may be of major
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clinical significance if normal haemostasis is challenged. EB identification is also expected to

be of clinical use in certain categories of patients.

Identification of GPVI allelotype is expected to be of value for the following categories of
individuals:

i) Patients with a low platelet count (i.e. <50 x 10°/L) because of reduced generation of
platelets by the bone marrow (i.e. cancer patients because of bone marrow infiltration or
iatrogenic), increased destruction of platelets (i.e. patients with antibody-mediated
thrombocytopenia’s), or increased consumption (i.e. patients with disseminated intravascular
coagulation) or hyperslenism;

ii) Patients undergoing major surgical procedures known for a high risk of significant blood
loss (i.e. cardio-thoracic surgery; orthopedic surgery, certainly the category of redo’s; organ
transplantation, especially liver, heart and lung, but possibly kidney; surgery of trauma
patients; brain surgery inclusive invasive imaging; vessel surgery);

iii) Patients with an inherited bleeding disorder such as haemophilia A or B, Von
Willebrands® disease and other rarer forms (i.e. Glanzmann thrombasthenia) or with acquired
coagulopathies (i.e. liver disease, viral hepatitis);

iv) Patients receiving blood thinning drugs (anti-coagulants, anti-platelet drugs, thrombolytic
drugs) to reduce the risk of venous and/or arterial thrombosis. One of the major unwanted
side effects of these drugs is bleeding. Cerebral bleeds or bleeds in other vital organs can
cause life-long disability or even death;

v) Donors who give blood by routine donation or blood derivatives by apheresis technology.
One of the most frequent complaints of donors is serious bruising post-donation at the site of

venepuncture.

If a patient is an EB, special precautions can be taken. Some examples are:

i) In surgery: increase availability of donor blood, consider additional drugs (i.e. DDAVP,
Tranexamic Acid) to reduce the risk of excess bleeding;

ii) In patients with low platelets because of low endogenous production. Increase platelet
transfusion trigger. Currently, donor platelets are generally given when the platelet count is <
10 x 10°/L (higher if patient is unstable). However, in an EB a more conservative level of 20
x 10°/L could be used. This may reduce the chance of serious bleeding without causing an
unacceptble increase in platelet demand. Simlarly, platelet levels required to cover invasive

procedures could be tailored better to the patient depending on the GPVI genotype;

8
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iii) In patients with low platelets because of antibody-mediated destruction of platelets.
Treatment for autoantibody mediated thrombocytopenia is based on a combination of the
platelet count and clinical signs of bleeding. However, in patients with very low platelet
counts (20 x 10°/L) treatment is given to reduce the risk of serious bleeding, even in the
absence of bleeding. In these patients expensive therapies or therapies with major side
effects are prescribed to reduce the relatively small risk of bleeding. Stratifying of these
therapies on basis of the GPVI genotype may be possible;

iv) The prophylactic treatment regime in Haemophilia patients may be better tailored to the
patient. In addition life-style advice could be modified depending on the GPVI genotype;

v) Patients on blood thinning drugs (these include anti-coagulants, anti-platelet drugs or
thrombolytic drugs, or inhibitors of collagen-mediated platelet activation, such as a drugs
directed to: GPVI (such as antibodies 10B12 and 1C3, described below); proteins associated
directly with the intracellular domains of GpVI (for example src family kinases such as fyn);
proteins that associate with FcR gamma (tyrosine kinase: p72syk; adaptors: LAT or SLP-76);
or proteins downstream from them in GPVI-mediated signalling (PI3-kinase, phospholipase
C gamma 2) (Watson S.P. Collagen receptor signaling in platelets and megakaryocytes,
Thrombosis and Haemostasis 1999, vol 82 pp 365-376)). Patients with an EB genotype may
require reduced dosing with these drugs. There are no effective antidotes for several of these
drugs (i.e. Clopridogel, GPIIbIIIa antagonists, Tissue plasminogen activator, Streptokinase).
Overdosing is an issue of serious concern and the therapeutic range of several of the drugs is
relatively narrow. Dosing schedules may be adjusted on the basis of the GPVI genotype.
Moreover, many novel ’blood thinning’ drugs are being trialled or are under development.
Whether these novel drugs will enter the market will depend on their clinical effectiveness
and more importantly on the incidence and severity of side effects (bleeding being the most
important). Pharmaceutical industries will therefore have an interest to identify those patients
at risk of bleeding. The GPVI genetic marker may be one of these.

vi) In donors. Blood services may more carefully manage donors with an EB genotype. In
addition platelets from donors with an EB genotype may be less effective in preventing
bleeding in the recipient when compared with platelets from ’normal’ donors. GPVI bb

donors may be barred from giving platelets.

According to the invention there is also provided a method of determining the GPVI
allelotype of a subject which comprises detecting for at least one single nucleotide
polymorphism (SNP) which is distinctive of a GPVI allele. The SNP or SNPs may be

9



WO 03/097875 PCT/GB03/02208

selected from any, or any combination, of the SNPs identified in Table 4. In a preferred
method, nucleic acid (preferably DNA) encoding GPVI is genotyped for the, or each SNP.

Embodiments of the invention are now described, by way of example only, with reference to

the accompanying drawings in which:

Figure 1 shows GPVI expression on platelets in 89 random donors. Anti-GPVI specific scFv
1C3 was used in flow cytometry. The GPVI level is presented as median fluorescence
intensity, the mean being 13.09 (SD 3.49, CI95% 12.4-13.8). Samples (all but one) were
genotyped for GPVI: 58 were homozygous for the 'a' allele (SKTQH), one was homozygous
for the 'b' allele (PEALN) and 22 were heterozygous. The GPVI expression levels of the ‘aa’
donors (mean 13.5, SD 3.5, CI95% 12.6-14.5) were non-significantly higher than the ‘ab’
donors (mean 11.9, SD 3.1, CI95% 10.5-13.2; Mann-Whitney U test p=0.084).

Figure 2 shows the platelet GPVI and GPlalla expression levels in 'aa' and 'bb' donors. GPVI
specific scFv 1C3 (A.) and scFv 10B12 (B.) and GPIalla specific antibody NBS-P16 (C.)
were used in flow cytometry. The levels are presented as median fluorescence intensity
related to the negative antibody control, 9E10, of each sample. The GPVI levels differed
significantly between the 'aa’ (n=8) and the 'bb' (n=7) donors, studied both with scEv 1C3
(Mann-Whitney U test, p=0.014) and 10B12 (p=0.006). With scFv 1C3, for the 'aa’ and the
'bb' donors the mean relative fluorescence intensities were 8.9 (SD 1.7, CI95% 7.5-10.3) and
6.1 (SD 1.4, CI95% 4.8-7.4), respectively. With scFv 10B12, for the 'aa' and the "bb' donors
the mean relative fluorescence intensities were 7.6 (SD 1.2, CI95% 6.6-8.6) and 5.4 (SD 0.9,
CI95% 4.5-6.2), respectively. There was no difference between the 'aa' and 'bb' donors in
GPIlalla expression.

Figure 3 shows a comparison of GPVI and GPIalla platelet expression levels on genotyped
samples. The binding of GPlalla levels (n=15, mean FL1 32.2, SD 10.4, CI95% 27.5-39.0)
varied more than the GPVI levels (n=15, mean FL1 7.5, SD 2.0, CI95% 6.4-8.5). There was
no obvious correlation between GPIalla and GPVI levels (Spearman correlation, R=0.37).
Figure 4 shows platelet aggregation with GPVI genotyped 'aa' and 'bb' donors. The platelet
aggregation was induced by CRP(A.), collagen type I, Ethicon (B.) or ADP (C.). All 7 b'
homozygotes require a near 'log more CRP to induce maximum aggregation compared to the
'aa’ homozygotes (n=12). The difference was also observed with platelet aggregation
responses stimulated with collagen type I (B.). As expected there was no significant

difference in the response to ADP (C).

10
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Figure 5 shows platelet activation in whole blood induced by CRP studied with flow
cytometry. CRP was added to whole blood at 4 different concentrations and the activation
markers were tested on CD61 positive events. For all three markers there was a clear dose-
response relation (A, B, C). The platelets from 'aa’ individuals (n=7) bound more fibrinogen
(A) and more annexin V (C) after stimulation with CRP (at 0.05 pg/ml and 0.5 pg/ml,
respectively) than those from 'bb' donors (Mann-Whitney U test, for fibrinogen, p=0.0061;
for annexin V, p=0.0010). Platelet degranulation as measured by the binding of the CD62P
moAD after CRP stimulation at 0.05 pg/ml was also significantly different between the two
groups (Mann-Whitney U test, p=0.0028; B).

Figure 6 shows platelet activation in whole blood induced by CRP studied with flow
cytometry using annexin V as activation marker. The annexin V positive platelet population
comprised a distinct population of cells, increasing dose-dependently: 0 (white), 0, 0.05, 1.0

and 10 pg/ml of CRP. The first, white histogram is without CRP or annexin V.

Figure 7 shows the wild-type GPVI (the GPVI? allele) cDNA sequence (SEQID NO: 1) and
translation (SEQ ID NO: 2). The SNPs that encode amino acid substitutions are marked;

Figure 8 shows the cDNA sequence of the GPVI2 allele with 1103 (SEQ ID NO: 1), the
GPVI? allele (SEQ ID NO: 4), and the GPVID allele (SEQ ID NO: 3).

Figure 9 shows the GPVI types for 94 sequenced donors;

Figure 10 shows eight different GPVI variant genotypes;

Figure 11 shows the distribution of the GPVI genotypes in 1153 Caucasian donors; and
Figure 12 shows the distribution of SNPs throughout the GPVI sequence.

Further evidence in support of the invention is provided in Joutsi-Korhonen et al, Blood

2003: “The low frequency allele of the platelet collagen signalling receptor glycoprotein VI is

associated with reduced functional responses and expression”.

11
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Example 1

Collagen is a major extracellular matrix protein exposed after arterial vessel wall injury.
Interaction of platelets with collagen is a multi-step process with tethering over glycoprotein
(GP)Ib/IX/V via von Willebrand factor, adhesion by interaction with the a2p1 integrin and
signalling via GPVI. We have chosen to use collagen related peptide (CRP, triple helical
peptide containing glycine-proline-hydroxyproline repeat motifs, generated in our
laboratory), which acts specifically via GPVI to activate platelets, and results in a signalling
cascade very similar to that evoked by native collagen. Here, we observed significant inter-
individual variability in the response to CRP. The GPVI gene has two frequent alleles and
genotyping of 1153 Caucasoid showed allele frequencies of 0.85 and 0.13. The two isoforms
of GPVI differ by three replacements in the extracellular region proposed to form a
glycosylation stem and two in the cytoplasmic domain, by a total of five amino acid
replacements. Clustering of GPVI has been postulated to be important for ligand binding and
signalling, and various mechanisms may account for the observed signalling differences. For
instance, the reduced O-glycosylation which may result from the substitution of S219 or
T249, as well as alterations in the main chain of the protein by replacement of S219 with
proline. In addition, the Q317L cytoplasmic mutation is thought to be located adjacent to a
proposed docking site of the SH3 kinases. Therefore, we investigated allele specific
differences in GPVI expression, CRP and collagen mediated aggregation and thrombus
formation in whole blood perfusion. We observed a near 10-fold difference in the response
to CRP when comparing platelets from 8 high frequency allele homozygotes with 8 low
frequency ones. This difference was correlated to, but not dependent on, a difference in
GPVI expression as measured with two monoclonal GPVI antibodies and was reflected in all
downstream signalling events as measured by the expression of P selectin and the binding of

fibrinogen and annexin V.

Results

SNPs in GPVI, GPIa and GPIba genes

Of 1153 healthy individuals tested, 65.4% (n=755) were homozygous for the high frequency
allele (‘aa’) and 28 (2.4%) homozygous for the low frequency allele (‘bb’). Nineteen
individuals were selected for functional studies, 12 of the 'aa’' and 7 of the 'bb'. They were
also tested for other SNPs: GPVI T-154C, GPIa C-52T GPla and GPIba T-5C (Table I).
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Interindividual variation in GPVI expression

The binding of the GPVI specific scFv 1C3 to isolated platelets from 89 random healthy
individuals was assessed by flow cytometry. This showed an approximately three-fold
variation in binding (mean FL1 13.1, SD 3.5, CI1 95% 12.4-13.8, range 7.11-21.4), suggesting
a fairly tight regulation of GPVI expression between different individuals (Fig 1). All but 8
of the samples (88 of 89 could be tested) were positive for the ‘a’ allele and the GPVI
expression on the single ‘b’ homozygote was 8.6. The GPVI expression levels of the ‘aa’
donors (n=58, mean 13.5, SD 3.5, CI95% 12.6-14.5) were non-significantly higher than the
‘ab’ donors (n=22, mean 11.9, SD 3.1, CI95% 10.5-13.2; Mann-Whitney U test p=0.084).

Expression of GPVI on *bb’ platelets is lower than on *aa’ ones

Because of the observed inter-individual differences in scFv 1C3 binding and the low binding
to the single ‘bb’ sample we extended these studies, but included more 'bb' donors. Seven
paired ‘a’ and ‘b’ homozygous samples were stained with GPVI specific scFvs 1C3 and
10B12 (which recognise non-overlapping GPVI epitopes) and with moAb NBS-P16 (anti-
GPIalla; Fig 2). An additional 'aa' sample was included in each run to determine intra-assay

variation.

Binding of both scFvs was significantly different between the two groups (Mann-Whitney U
test, for 1C3 p=0.014, for 10B12, p=0.006; Fig 2). With scFv 1C3, for the 'aa’' and the bb'
donors the mean relative fluorescence intensities were 8.9 (SD 1.7, CI95% 7.5-10.3) and 6.1
(SD 1.4, CI95% 4.8-7.4), respectively. With scFv 10B12, for the 'aa’ and the 'bb' donors the
mean relative fluorescence intensities were 7.6 (SD 1.2, CI95% 6.6-8.6) and 5.4 (SD 0.9,
CI95% 4.5-6.2), respectively. The difference remained significant independent whether non-
corrected fluorescence intensities were used or ones corrected for the negative control (moAb

9E10), or ones corrected for intra-assay variation.

The binding of moAb GPIlalla levels (n=15, mean FL1 32.2, SD 10.4, CI95% 27.5-39.0)
varied more than the GPVI levels (n=15, mean FL1 7.5, SD 2.0, CI95% 6.4-8.5). There was
no obvious correlation between GPIlalla and GPVI levels (Spearman correlation, R=0.37) or

between GPIalla levels and the C-52T SNP of the GPIa gene (Fig 3).
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CRP-induced platelet aggregation

The synthetic collagen-derived triple-helical peptide CRP causes platelet activation by
selectively activating GPVI. In contrast, ADP activates platelets via G-coupled proteins
(Gachet et al, 2001). Inter-individual variation in the response to both agonists has been
previously observed in our laboratory, but without an obvious genetic linkage. We
determined the dose-response for CRP in platelet aggregation with 19 donors (‘aa’, n=12;
‘bb’, n=7). Without exception all 7 ‘b' homozygotes require a near 'log more CRP to induce
maximum aggregation compared to the 'aa' homozygotes. Moreover, the differences between
the two groups remained statistically significant at three CRP concentrations tested, i.e. 0.05,
0.10 and 0.20 pg/ml (Fig 4A). For instance, at a CRP concentration of 0.10 pg/ml the mean
aggregation for 'aa' platelets was 71% (n=12, SD 31%, range 10-110%, 95%CI 51.6-91.0%)
whereas for 'bb' ones 4.6% (n=7, SD 4%, range 1.3-7.8%, 95%CI 1.0-11.0%; Mann Whitney
U test p=0.00006).

This pronounced difference was also observed with platelet aggregation responses stimulated
with collagen type I (Ethicon; 5 'aa' donors and 1 'bb' donor studied; Fig 4B). As expected
there was no significant difference in the response to ADP (8 'aa’ and 7 'bb' donors studied,
Fig. 4C).

Differences between the two alleles were confirmed in events downstream of GPVI

We investigated whether the profound difference in CRP responsiveness could also be
observed in whole blood, by measuring the binding of fibrinogen and annexin V and the
release of o granules as indicators of platelet activation. CRP was added to whole blood at 4
different concentrations and the activation markers were tested on CD61 positive events. For
all three markers there was a clear dose-response relation (Fig 5). The platelets from 'aa’
individuals (n=7) bound more fibrinogen and more annexin V after stimulation with CRP (at
0.05 pg/ml and 0.5 pg/ml, respectively) than those from 'bb' donors (Mann-Whitney U test,
for fibrinogen, p=0.0061; for annexin V, p=0.0010). Platelet degranulation as measured by
the binding of the CD62P moAb after CRP stimulation at 0.05 pg/ml was also significantly
different between the two groups (Mann-Whitney U test, p=0.0028). At CRP levels which
gave maximal aggregation (10 pg/ml), only up to 10-30% of platelets bound annexinV,
where as 70-90% of platelets were CD62P positive (Fig 5). The annexin V positive platelet

population comprised a distinct population of cells, increasing dose-dependently (Fig 6).
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The baseline levels for activation as determined by the three markers did not differ between
the two groups (data not shown). The response to ADP was dose-dependent with all the
activation markers, but there were no significant differences between the 'aa’ and 'bb’ samples

(data not shown).

Materials and methods

Samples

Samples were obtained from the static clinic of our blood centre which consists of donors
who are regularly apheresed for procurement of platelet concentrates as well as whole blood
donors. The apheresis donors are selected on ABO groups (mainly A and O) and on platelet
counts (over 250 x 10°/1). The study group consisted of 19 healthy blood donors (14 male, 5
female). For this study, 1153 donors were genotyped for the five replacement SNPs in the
GPVI gene in order to identify adequate numbers of donors homozygous for each allele and
to exclude individuals with rare GPVI alleles. Homozygotes for the high frequency allele
(encoding SKTQH) are labelled ‘aa’ and for the low frequency allele (encoding PEALN)
‘bb’. All experiments were performed on freshly drawn samples and when possible on paired
(‘aa’ versus ‘bb”) samples. Samples of the 'aa' type were used as controls for calibration of
the flow cytometry and platelet aggregation studies. In addition, 89 random blood donors
were studied for the GPVI expression levels. The project has an approval from the local
regional ethics committee, and is in accordance with the National Blood Service guidance for
the use of donor blood for research. All the donors have consented. None of the volunteers
had used aspirin in the 5 days preceding donation and sampling was by venepuncture of the

antecubital vein with a 19 gauge needle.

Antibodies and other reagents

The following monoclonal antibodies (moAb) were used for measuring GPVI and GPIalla
expression: Single chain variable domain antibody fragments (scFvs) 1C3 and 10B12 against
GPVL, scFv 2D4 (anti-HLA-A2, Watkins et al, personal communications), scFv Fog-1 (anti-
D) and the murine moAbs NBS-P16 (CD49, anti-GPIalla), 9E10 (anti-myc tag). The binding
of scFvs was as previously described in a three-step assay using moAb 9E10 and fluorescein
isothiocyanate (FITC)-conjugated goat anti-mouse IgG (Dako, Cambridge, UK; Watkins et
al, 2000) and the binding of the murine moAbs was by the classic two-step assay (von dem
Borne et al, 1978). Expression of P selectin (CD62P) and phosphatidyl serine and the binding
of fibrinogen was determined with FITC conjugated antibodies: anti-CD62P (Pharmingen,
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Becton Dickinson, San Diego, CA), annexin V (Molecular Probes, Eugene, OR) and rabbit
anti-human fibrinogen (Dako A/S, Denmark). Phycoerythrin (PE) labelled anti-CD61
(Pharmingen, Becton Dickinson, San Diego, CA) was used to gate for platelets. Collagen-
related peptide (CRP), collagen as native type I fibers from bovine tendon (Ethicon Inc.,
Somerville, NJ), adenosine diphosphate (ADP, Sigma, St. Louis, MO) as well as GPRP
peptide (Gly-Pro-Arg-Pro, inhibitor of fibrin polymerization, Sigma Chemical Co, St Louis,

MO, USA) were used. All the buffers for the flow cytometry were 0.22 um filtered.

Allele discrimination for GPVI, GPlalla (a2 C-52T) and GPIba (C-5T) polymorphisms
with TagMan

Allele discrimination for GPVI in 1153 donors will be described in detail by Watkins et al
(manuscript in preparation). Genomic primers and probes for allelic discrimination by
Tagqman were designed using Primer Express (Perkin Elmer). Details of the primers and

probes at which the assays were performed are as follows:

Tagman primers

Variant Sense (5’ ---3°) (SEQ ID NO) Antisense (SEQ ID NO:)

GpVIT655C (8219P) | TCCCAGGAACCTCTGTGACC (5) CTCATACGCTGTGCACCAGAA (13)
GpVI A709G (K237E) | CTCAGAAGCCACCGCTGAA (6) CTGAGCATGAAATGCCTGGTT (14)
GpVI A745G (T2494) | TTTCACACTTAGCCTTTGTTTGGTT (7) | CCAGCTGGAGAGTCTGACTCCTT (15)
GpVI A950T (Q317L) | AAGCGCCTGCGGCAC (8) ACATAACCCGCGGCTGTG (16)

GpVI C964A (H322N) | AGGAAGCGCCTGCGG (9) TCCCATGCCATGATCCCT (17)
GpVI-C154T TCCTTGGAGCTTGTGTGCAA (10) CGGCCTTCCTAATTGAGACTCAT (18)
Gplba -T5C GGATCCACTCAAGGCTCCCT (11) GGAGCAGCAAGAGGAGGAGA (19)
Gpla -C52T CCGGTGTTTGCGGAATCA (12) CCGGTGAGAGCAGGGAAAA (20)

Taqman probes

Variant FAM Probe (5’ ---3’) (SEQ ID NO:) VICProbe (5°---3”) (SEQ ID NO:)
GpVI T655C AGAACCACCTTCCTCGGTAGCAGGTAG (21) | ACCACCTTCCCCGGTAGCAGGT (29)
GpVIA709G | TCACAAACAAAGTCTT (22) CACAAACGAAGTCT (30)
GpVIA745G | TTCTAGGAGTATCACCACCAGT (23) CTAGGAGTATCACCGCCAGT (31)
GpVI A950T CCTCCCGCAGACCCGGAAA (24) CCTCCCGCTGACCCGGAAA (32)
GpVI C964A CTGACCCCCGTGTGATTTCCG (25) TCCTGACCCCCGTTITGATTTCC (33)
GpVI-C154T | CGTAGCCGGCTCCT (26) CCGTAGCCAGCTCC (34)

Gplba -T5C CACAGGTCCTCATGCC (27) ACAGGCCCTCATGCC (35)

Gpla -C52T CCGCCCCGGCCCG (28) CGCCCCAGCCCGC (36)

A total of 8 assays were developed, 3 using standard probes and 5 using MGB probes. Probes
specific for the wild-type allele (A2) were labelled with FAM and the mutant allele (A1) with

VIC.
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DNA samples of the 1153 donors were genotyped for all GPVI SNPs. Allelic discrimination
assays were performed in a total volume of 15 pl with 900 nM each primer, 200 nM each
probe and 5 pl of genomic DNA. Amplification reactions were performed following standard
conditions with an annealing temperatures of 60° C. Allelic discrimination was determined
using a post-PCR plate reader on a PE 7700 (Perkin Elmer) and the alleles were assigned
using the autocalling software. The raw data and allele assignments were exported as an

Excel spreadsheet.

Flow cytometry for GPVI platelet surface expression

Samples were tested for platelet surface expression level of GPVI by the platelet
immunofluorescence test (von dem Borne et al, 1978). In short, platelet rich plasma (PRP)
was prepared from EDTA-anticoagulated blood (stored at 4°C overnight) by centrifugation at
1400 rpm for 10 min. The PRP was washed twice in PBS/EDTA/BSA buffer (phosphate-
buffered saline, PBS with 10 mM EDTA, pH 6.8 and supplemented with 0.25% bovine
serum albumin, BSA) by centrifugation at 3000 g for 6 min. Platelet count was adjusted to 1
x 107/ml (counted by Sysmex K1000, Milton Keynes, UK), and PRP containing 5 x 10°
platelets was transferred into polystyrene tubes (for the flow cytometry, LIP Ltd) containing
150 pl purified monoclonal scFv or antibody. When studying 89 donor samples separately,
the assay was performed using 96-well microtiter plates (Dynex Technologies, Chantilly,
VA). The antibodies were used at saturating concentrations: scFv 1C3 at 10 (or 20) pg/ml,
scFv 10B12 at 50 pg/ml, scFv 2D4 at 20 ng/ml and moAb NBS-P16 at 1 pug/ml, moAb 9E10
at 30 pg/ml. After incubation for 1 h at room temperature (RT), the platelets were washed
with 3 ml buffer, and resuspended in 100 pl 9E10 moAb (at 30 pg/ml) and incubated for 1 h
at RT. The platelets were then washed once, resuspended in 50 ul of a 1:20 dilution of FITC-
conjugated goat anti-mouse IgG (Dako, Cambridge, UK) and incubated for 30 min at RT in
the dark. After a final wash, platelets were resuspended in 200 pl buffer and the fluorescence
intensities of 10,000 events were analysed using a flow cytometer (Coulter XL, Luton, UK).
The median fluorescence intensity (FL) for green fluorescence, FL1, was recorded on a
logarithmic scale from 0.1 to 1000. The relative FL for each sample was obtained by
-dividing the median FL by that of the negative control (9E10) of each sample.
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Platelet aggregation

PRP was obtained from fresh citrated (final concentration 0.38 tri-sodium citrate) whole
blood by centrifuging at 1200 rpm for 12 minutes. Platelet-poor plasma (PPP) was prepared
from PRP by centrifugation at 7000 rpm for 10 minutes. The platelet count was then adjusted
to 200 x 10°/1 with PPP. To determine platelet aggregation, light transmission in PRP (250
pl) was measured and recorded on a PAP-4 four channel aggregometer (Bio/Data
Corporation, Horsham, PA, USA) at 37°C over 10 min. The results were expressed as
arbitrary units with 100% transmission (corresponding to 100% aggregation) set using PPP.
Platelet aggregation was induced by addition of either CRP at concentrations between 0.05
and 2.0 pg/ml, collagen as native type I fibers from bovine tendon at 0.1 to 10.0 pg/ml and
ADP at 1.0 to 20 pM.

Platelet activation in whole blood using flow cytometry

Whole blood flow cytometry was used to detect platelet activation by CRP and ADP.
Citrate-anticoagulated whole blood (5 ul) was added to Hepes buffered saline (HBS buffer,
0.145M NaCl, 5 mM KCl, 1 mM MgSO4, 10 mM Hepes at pH 7.4, final volume 70 ul)
containing PE-labelled anti-CD61, agonist (CRP or ADP) and FITC-labelled activation
marker. CRP was tested at concentrations between 0.05 to 10 pg/ml and ADP at 1, 10 and
100 uM. We used the following activation markers: anti-fibrinogen (2 pl/test), anti-CD62P
(P-selectin, 10 pl/test) and annexin V (5 pl/test). After the incubation for 20 min at RT, the
cells were fixed with 200 pl of 0.2% formaldehyde (37-41% formaldehyde solution, BDH
Laboratory Supplies, Poole, UK) in 0.9% NaCl for 10 min. When using annexin V as the
activation marker, the HBS contained 1 mM CaCl2 and GPRP and the samples were not
fixed. The samples were freshly analysed with a flow cytometer (Coulter XL, Luton, UK)
using a "live platelet gate" set on the basis of forward and side light scatter profiles. In the
analysis, only FL2 positive events (i.e. CD61 positive ones) were analysed for an FL1 signal,
and data from 5000 - 10000 events per sample was collected. The median FL1 of each
activation marker for unstimulated platelets was recorded in order to compare the baseline
activation level between different donors. Furthermore, the analysis was carried out with
software Expo32 (Applied Cytometry Systems, Sheffield, UK). The threshold for positive
events was set by adjusting a marker on non-stimulated platelets stained with the activation
marker, so that less than 1% were above the level on the FL1 histogram. Since bound
fibrinogen, P-selectin and annexin V are present at low levels on non-stimulated platelets, the

data were expressed as the % FL1 positive platelets.
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Statistical analysis

Arithmetic mean, median, standard deviation (SD), range and 95% confidence interval (CI
95%) were calculated, for the most variables. The statistical analysis was performed using
GraphPad Prism version 3.0a (GraphPad Software, San Diego, CA).

Discussion

Collagen mediated signalling of platelets is via GPVI, the absence of which is associated with
a mild bleeding phenotype and a strongly reduced response to collagen and no response to
CRP in vitro (Moroi et al, 1989). CRP binding to GPVI is dependent on the presence of the
GPO repeat motif (Knight et al, 1999), and activation of platelets evokes tyrosine
phosphorylation of an immunoreceptor tyrosine-based activation motif (ITAM) by a Src
family kinase (Watson et al, 2001).

We observed significant inter-individual variation in the response of human platelets to CRP
in aggregation and in whole blood platelet activation assays. We observed significant
differences in thrombin generation. There are two major GPVI alleles which differ by five
amino acid replacements, three in the stem (S219P, K237E, T249A) and two in the
cytoplasmic domain (Q317L and H322N). We hypothesised that functional differences may
be related to the presence of these different GPVI alleles. There are several reasons why this
might be the case. First, when testing the binding of our anti-GPVI scFv 1C3 to platelets
from 89 random donors we observed a relative low level of expression on the platelets of the
single sample which was homozygous for the low frequency allele (Fig 1A). Second, we
observed a trend for lower 1C3 binding in the ‘ab’ donors when compared with 'aa’
homozygotes (Fig 1B). Third, one of the two mutation in the proline rich cytoplasmic
domain (RPLPPLPPLPQT) replaces a neutral Q297 with a positive charged lysine. The
PLPPLPPLP motif is a target of that for the SH3 domain of the Src family kinases (Rickles et
al, 1994) indicating that such signalling proteins may dock in this region of GPVI (Watson et
al, 2001). Finally, it is likely that GPVI dimerisation occurs upon ligand binding and the
kinetics of this process may depend on the sequence of the stem and possibly the cytoplasmic
domain. To test our hypothesis we genotyped 1153 volunteers for the 5 relevant GPVI SNPs.
The resulted in the identification of 745 (65.4% homozygotes for the high frequency allele,

28 (2%) for the low frequency one, 290 heterozygotes and the remainder 80 were examples
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of ‘rare’ hybrid allleles. We used the platelets of 12 and 8 ‘a’ and ‘b’ homozygotes for
functional studies.

We showed significantly higher binding of both GPVI specific scFvs to the platelets of the
'aa’ homozygotes when compared with the 'bb' group. It is highly unlikely that the observed
difference in binding is the result of linked mutations in the GPVI gene segment encoding the
antibody binding sites. Both antibodies 1C3 and 10B12 bind to the C2-like ectodomains
(residues 1-185) and no replacement mutations were observed in these domains in the donors
used for this study. Binding studies of monoclonal GPVI antibodies to human platelets of
different individuals has only been performed by one other group (Chen et al, 2002). Using
the platelets from 20 individuals they estimated an average copy number to approximately
1200 molecules per platelet with a tightly regulated expression and that was independent of
GPlalla density. It is unlikely that an individual homozygous for the low frequency 'bb'
allele was part of the study. Others used the lectin-like snake venom convulxin (CVX) asa
semi-quantitative molecular probe to study total platelet GPVI content and to study the
relation between GPVI content and function (Furihata et al, 2001). In a limited sample size
of 23 individuals, they showed a positive correlation between CVX-induced platelet pro-
coagulant activity and total GPVI content. No differences were found in CVX-induced
platelet aggregation or platelet adhesion to CVX. Their study suggests a five-fold variation
in GPVI content which was associated with the expression level of GPIalla. With our GPVI
antibody we only observed a 2-3 fold difference of membrane expression of GPVI. There are
several reasons for the discrepancies between the two studies. First, the sample size was too
small to include homozygotes for the ‘low frequency b’ allele and no significant difference
between ‘aa’ and ‘ab’ was observed. Second, the relation between surface and total
expression of GPVI is not known. Thirdly, the possible limited specificity of CVX may also
influence the results of the functional studies. Finally, only a limited analysis was performed

on the genetic variability in the GPVI gene of the 23 individuals.

The dose-response studies with CRP show a significant split between the individuals
homozygous for the 'a' or b allele. This difference was also observed with collagen type I
(ethicon) in aggregation indicating that the co-operation of GPIalla and GPVI did not grossly
alter the magnitude of aggregation. A careful analysis of the aggregation responses on
ethicon in the homozygous ‘a’ donors either on basis of the C-52T SNP in the GPIa gene or
on basis of moAb NBS-P16 binding did not reveal an independent effect. It is unclear why
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we were unable to observe an effect of the GPIa SNP which was initially reported by Kunicki
et al (1993) in aggregation studies and confirmed by us in whole blood flow studies at high
shear rate (Roest et al, 2000). There are several possible explanations for this observation.
First, the effect of the GPVI SNPs is so profound that the more modest effect of the GPla
SNP is not obvious. Moreover, in our series the link between the GPIa SNP and level of
expression was less clear (Fig 3). We considered whether the poor correlation between the
GPIa alleles and expression was resulting from us having used another CD49b moAb but the
seems unlikely as the variation of GPlalla expression observed is not dissimilar to that
observed by others. Second the GPIa and GPVI SNPs may be in linkage disequilibrium. We
tested this on the data obtained from 600+ DNA samples and were unable to obtain evidence
for such a linkage (data not shown). The absence of linkage is not surprising as the GPIa and
GPVI genes are on chromosomes 5 and 19, respectively. Third, it may be the type of
collagen used and its purity and composition differed . Finally, our donors were selected on
basis of their GPVI allele status, and in this group there was only one donor homozygous -
52TT for the GPIa, SNP linked to low expression (Table I). A close inspection of published
results revealed that the functional difference between the two GPIa genotypes is rather
small, especially when using collagen type I or III (also they used genotyping according to
the GPIa C807T polymorphism site, and combined the data on C vs T allele). We therefore
assume that the latter together with the dramatic effect of the GPVI alleles are most likely,
although not proven, explanation for the non-penetrance of the GPIa-SNP.

Interestingly, within the group of ‘aa’ donors there is a reasonably wide variation in GPVI
antibody binding. With the platelets of two of the eight ‘aa’ donors, the mean fluorescence
values were obtained within the average + 1 SD of the group of ‘bb’ platelets. Despite their
reduced surface expression, these two donors demonstrated a typical 'aa’ phenotype, showing
significant difference to 'bb' group. This led us to conclude that the observed difference in
CRP response is not solely determined by a difference in membrane expression of GPVL It
is likely, that the difference is the result of i) an altered kinetics of dimerisation of GPVTL, ii) a
reduced ability of GPVI of the ‘b’ type to accrue the required cytosolic molecular complex
for signalling, possibly because of the replacement of the non-charged glutamine by the
positively charged lysine. Of course, GPVI membrane density may also contribute to the

former.
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As expected, the difference between the two groups in their reactivity towards CRP was
confirmed when events downstream of GPVI mediated signalling were measured. In these
experiments activation of platelets was achieved by adding CRP to whole blood and the
binding of fibrinogen and of annexin V and the extent of o granule release were measured
after minimal manipulation of the sample. As reported, there is a clear uncoupling between
the o granule release and annexin V binding (Dale et al, 2002). Here, we showed that at CRP
levels of 10 pg/ml, renders 70-90% of platelets positive for CD62P whereas only 10-30% of
platelets are positive with annexin V, the marker for exposure of anionic phospholipids (i.e.
loss of membrane asymmetry) and prerequisite for procdagulant activity of platelets. The
question whether the change in the phospholipid composition of the membrane was the direct
or indirect consequence of GPVI signalling is not answered by our study. The time course
measurement of the generation of thrombin showed a strong linkage between the time of first

thrombin generation and the GPVI genotype.

Croft et al (2001) found that the 'bb' type (homozygous for 219PP) to be a risk factor for
cardiovascular disease, only after sub-grouping the patient population. However, it is
interesting that they stated the 'bb' type being the risk factor for arterial thrombosis, although
we find that to be the less-responsive, i.e. EB or bleeder phenotype. We found with CRP-
induced platelet aggregation and activation, clear differences between the two groups. No
differences were seen with other agonists, such as ADP, indicating that the functional
differences seen are GPVI-mediated. Whether the possible GPVI expression variation
between individuals and the observed in vitro functional differences in platelet activation are

of pathological significance is not yet known.

The data presented in Exaple 1, and shown in Figures 9-12 has been further expanded upon,

and is presented in Example 2.
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Table I. Twelve 'aa' (SS219, KK237, TT249, QQ317, HH322) and 7 'ob' (219PP, 237EE,
249AA, 317LL, 322NN) donors were tested for three other single nucleotide polymorphisms.

GPVI GPlIba GPla
Donor 219, 237, 249, 317,322 T-154C T-5C C-52T
1 SKTQH CT TT CT
2 SKTQH TT TT cC
3 SKTQH TT TT cC
4 SKTQH CT TT CT
5 SKTQH CT TT CT
6 SKTQH cC TT CT
7 SKTQH CT TC cC
8 SKTQH CT TT CC
9 SKTQH CT TT cC
10 SKTQH TT TT CT
11 SKTQH CT TC cC
12 SKTQH TT TT CT
13 PEALN CC TT CT
14 PEALN cC cC cC
15 PEALN cC TT cC
16 PEALN cC TC TT
17 PEALN cC TT CT
18 PEALN cC . TC CT
19 PEALN cC TT CT
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Example 2

Sequence polymorphisms at the human glycoprotein VI gene reveals conserved

immunoglobulin domains, but highly polymorphic stem and cytoplasmic domains

The promoter, exons and flanking intron sequences of human GP6 gene were re-sequenced in
a “core” panel of 94 Caucasians. Eighteen variable sites were identified that segregated as 37
haplotypes with frequencies between 0.195 to 0.003. All the variable sites were single
nucleotide polymorphisms (SNPs), six of which encoded amino acid substitutions in GP6.
However, only one of these (C307G), encoding a Leu83Val substitution with a frequency of
0.005, was in the immunoglobulin-like, ligand binding domains of GP6. A high-resolution
SNP map of GP6 by exon re-sequencing in 188 Caucasoid chromosomes (94 individuals)
identified a total of 18 SNPs, 6 of which encoded for amino acid substitutions. Analysis
revealed that the 18 variable sites segregated into 37 haplotypes and that none of them
deviated significantly from the Hardy-Weinberg equilibrium. When analysed in the absence
of the C307G SNP, the non-synonymous SNPs segregated into 5 haplotypes, with the two
most common haplotypes having frequencies of 0.79 and 0.18 in the core panel. Differences
in GP6 specific responses to CRP or collagen of individuals homozygous for these two
haplotypes have been observed and genetic variation at the GP6 locus has been linked to
myocardial infarction. We therefore extended our study to an additional 1310 individuals
(1127 Caucasians, 63 Koreans, 40 South African blacks, 40 Ethiopians and 40 Curaco) to
fully characterise variation in GP6. All 5 sites were polymorphic in the populations studied
and a total of 12 GP6 haplotypes were identified in the combined population. The Ethiopian
and South African Black samples showed the most haplotype diversity.

The frequencies of the 5 common non-synonymous SNPs, which were in significant linkage
disequilibrium (L.D), were then determined in a panel 1127 Caucasians to fully characterise
the GP6 isoforms present in the Caucasian population. This typing revealed that the 5 non-
synonymous SNPs segregated into 8 haplotypes in Caucasians. In addition, despite the
significant LD between the 5 SNPs, in 6.9 % of individuals the complete GP6 genotype was
not predicted by genotyping at a single variable site.

The study was then extended to samples from individuals of different ethnic origin. We

genotyped for the 5 non-synonymous SNPs in samples from 63 Koreans, 40 South African
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blacks, 40 Ethiopians and 40 Curcoa. This genotyping revealed the presence of 4 additional
GP6 haplotypes.

Materials and Methods

Population samples

Two panels of Caucasoid donor DNA were established for this work. The sequencing panel
(SP), consisting of DNA from 94 apheresis donors, was used to identify polymorphisms in
the GP6 exons (plus flanking intron sequences) by direct sequencing of PCR products. Panel
1 was composed of 1127 DNA samples from donors and was used to determine the frequency
of the 6 non-synonymous SNPs found at the GP6 locus. The only selection criterion for both
panels was a platelet count > 150 x 10°/L. All samples were obtained with informed consent
and with the approval of the National Blood Service internal review panel. Ethnic DNA
samples were a kind gift from Dr Peter Forster (Department of Archaeology, University of
Cambridge) and Dr Ellen van der Schoot (University of Amserdam).

Isolation of genomic DNA (gDNA)

gDNA was prepared from EDTA-anticoagulated blood samples using the Promega Wizard
Genomic DNA isolation kit following the manufacturers’ instructions (Promega,
Southampton, UK). All gDNA samples were stored at -40 °C in distilled water. For
genotyping and PCR, aliquots of gDNA (4 ng/pl) were dispensed into 96 well master plates
and stored at 4°C.

Amplification of GP6 exons

Oligonucleotides were designed to amplify exons 1 to 8 of GP6 in a total of 6 fragments as
(Table 2). The primers were designed to be at least 50 to 100 bp from the end of the exons to
allow the identification splice donor and acceptor site variants. Amplification reactions
contained 25 mM MgCl,, 20 mM each primer, 2 mM dNTPs, 0.6 U Hot-Start Taq
polymerase (Qiagen, Crawley UK) and 20 ng of gDNA in a total volume of 30 ui.
Amplification was performed over 40 cycles consisting of 1 min at 95 °C, 1 min annealing
and 1 min at 72 °C using a “touchdown” program. This consisted of 15 cycles during which
the annealing temperature was reduced by 1 °C per cycle from 70 °C to 55 °C followed by 25
cycles with an annealing temperature of 55° C. All PCR reactions were performed on a

GeneAmp 9700 PCR machine (Applied Biosystems, Warrington, UK).
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After amplification, the products were purified using a QiaQuick PCR clean up kit following
the manufacturers’ instructions (Qiagen). Purified PCR products were eluted into 25 ul of
distilled water and 1 pl analysed on a 1.5 % agarose gel containing 1 % (w/v) ethidium
bromide. DNA quantification was performed by comparing the intensity of the purified
sample with one of known concentration. The purified PCR products were then diluted to a
concentration of 10 pg/ml for sequencing which was performed using BigDye v1.0 (Applied
Biosystems) and an ABI373XL genetic analyser (Applied Biosystems).

Taqman Allelic Discrimination Assay

A total of 18 SNPs were identified following the sequencing of GP6 in the 94 samples.
Tagman allelic discrimination assays were then designed for 9 of these 18 using Primer
Express (Applied Biosystems). For three SNPs standard probes were used and for the
remaining 5 MGB probes were used (Table 3). Allelic discrimination assays were performed
in a total volume of 15 pl with 900 nM each primer, 200 nM each probe and 20 ng of gDNA.
Amplification reactions were performed following standard conditions with annealing
temperatures as detailed in Table 3. Where possible, control samples consisting of gDNA
from homozygous and heterozygous donors was used. Allelic discrimination was determined
using a post-PCR plate read on a PE 7700 (Perkin Elmer). The raw data and allele

assignments were merged into the donor database for analysis.

Confirmatory genotyping by Restriction Fragment Length Polymorphism (RFLP)

Confirmation of the presence of the novel SNP encoding for a Leu83Val substitution in GP6
identified in the heterozygous state in a single Panel 1 sample was obtained by developing a
restriction fragment length polymorphism (RFLP) assay. The C307G (C6080G) SNP
introduces a BstN1 restriction site into the low frequency 307G allele (Val encoding). A 279
bp fragment containing the C307G polymorphism was obtained by PCR amplification of
gDNA using the oligonucleotide primers 5'- GGCCATGAAGAGAAGTCTGG -3' (SEQ ID
NO: 37) and 5'- AGCAAGACCCTGTGTCCAAA -3' (SEQ ID NO: 38). Amplification was
performed in a total volume of 50 pl containing 5 pl genomic DNA (4 ng/ul), 7.5 pl 10 x
PCR buffer, 1.5 pl MgCl,, 15 mM each dNTPs, 12 uM each primer and 0.3 U of Tag DNA
polymerase. Thermocycling conditions were as for amplification of GP6 exons. 20 pl of the
PCR product was then digested with 1 U BsfN1 (New England BioLabs) for 120 minutes at

60 °C and then analyzed on a 2% agarose gel containing 1 % (w/v) ethidium bromide.
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Haplotype Inference and Statistical analysis
Haplotypes in the genotyped samples were determined by using either Clarks algorithm
(Clark, 1990) or the EM algorithm implemented using Arlequin. The parameter FST was

used to measure variation between populations.

Results

Polymorphic variation identified at GP6 by re-sequencing

A complete analysis of the sequences of the PCR products obtained from the 94 samples
identified 18 SNPs in the GP6 exon and promoter sequence analysed (Table 4). These 18
included the 9 SNPs already present in GenBank and 9 novel SNPs. In general, the SNPs
were distributed evenly throughout the GP6 ¢cDNA sequence, but, with the exception of the
C307G polymorphism, only silent mutations were found in the Ig-like domains of GP6
(Figure 12). Eight of the novel SNPs were silent and one (C307G) encoded an amino acid
replacement of Leucine for Valine at position 83 in the first Ig-like domain of GP6. The

C307G polymorphism was confirmed by RFLP in all positive samples (Data not shown).

Tagman allelic discrimination assays were developed for 9 of the SNPs as described (Table
3) and these were used to genotype the sequencing panel samples. We observed complete
concordance between the genotypes as determined by gDNA sequencing and by Tagman
(Data not shown). The 9 Tagman assays were next used to genotype the 1 127 panel 1
samples (Table 4). In all instances, no significant differences between the allele frequencies
in the two panels was observed for any SNP (Table 4). None of the variant sites showed
deviation from the Hardy-Weinberg equilibrium in either the sequencing panel or Panel 1

(Data not shown).

Haplotype variation and linkage disequilibrium in GP6 in the sequencing panel

Sequence haplotype relationships amongst the 18 SNPs in the sequencing panel were
determined using Clarks and the EM algorithms. In total, 37 haplotypes were observed in the
188 chromosomes identified in the GP6 gene (Table 5). Analysis of linkage between the 18
SNPs in the sequencing panel revealed that the 5 common non-synonymous SNPs (T655C,
A709G, A745G, A950T and C964A) are in significant LD with the C-154T promoter
polymorphism (Table 6). For the silent polymorphisms, those in exon 3 (C97T, C219T and
G237A) were generally not in LD with the remaining polymorphisms.
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Frequencies of non-synonymous SNPs in population samples

The frequencies of the 5 common non-synonymous SNPs (T655C, A709G, A745G, A950T
and G964A encoding S199P, K217E, T229A, Q297L, and H302N respectively) were
determined in samples from individuals of different ethnic background to determine the
extent of variation in the GP6 protein. These samples included a larger panel of Caucasians
(n = 1127), Koreans (n = 63), South African blacks (n = 40), Ethiopians (n=36) and Curaco
(n = 40). All sites tested were polymorphic in each population and significant differences in
genotype frequency were observed between the populations tested (Table 7). Deviation from
the Hardy-Weinberg equilibrium was observed in the Korean sample for the A709G and
A745G polymorphisms, in both cases there was a deficiency of heterozygotes.

GP6 protein variants

The population genotyping data was used to infer the GP6 haplotypes that encoded different
protein variants. This analysis identified 12 different GP6 haplotypes (Table 8). Identical
results were obtained when the data was either analysed as a complete data set or as
individual populations. The analysis revealed the presence of both shared and population
specific GP6 haplotypes and that, in general, more haplotypes were observed in individuals

of African origin.

Discussion

Glycoprotein VI (GP6) is found exclusively on platelets and brings about their activation
following binding to collagen, thus playing a central role in platelet activation following
exposure of the subendothelial matrix. The signaling cascade that is induced following
ligation of GP6 by collagen has been studied in detail using the GP6 specific ligand CRP.
Two GP6 alleles were identified following a study of 21 individuals. These alleles differ at 9
dimorphisms which encode for 5 amino acid substitutions in the mature form of the GP6
protein (Table 4). Using the dimorphisms encoding a Serine to Proline substitution at
position 199 in the mature form of GP6 as a marker, Croft et a/ have shown an association
between GP6 haplotype and the risk of myocardial infarction in a restricted patient group.
We have demonstrated a functional difference between platelets from individuals who are
homozygous for the ‘a’ and ‘b’ GP6 alleles. Using the GP6 specific ligand CRP we observed
a significant reduction in the response to CRP in individuals homozygous for the GP6 'b'

allele relative to those homozygous for the ‘a’allele. This difference in reactivity prompted
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us to generate a high-resolution map of genetic variation at the GP6 locus. Exon re-
sequencing of 188 chromosomes revealed 18 dimorphisms, 6 of which encoded amino acid
substitutions in GP6 (Table 4). Tagman genotyping for 9 of these dimorphisms showed
complete concordance with sequencing data. No significant differences in individual allele
frequencies were observed between the core sequencing panel and a larger panel containing
samples from 1 127 donors (Table 4).

Interestingly, whilst the distribution of SNPs was fairly even throughout the GP6 exons
(Figure 12), the substitution encoding mutations were largely restricted to the stem and
cytoplasmic tail. Of the eight SNPs identified in the 2 Ig-like domains of GP6, only 1
encoded for an amino acid substitution, whereas, 3 of 3 SNPs in the stem and 2 of 3 SNPs in
the cytoplasmic tail encoded amino acid substitutions (Figure 12 and Table 4). The single,
substitution encoding SNP identified in the 2 Ig-like, ligand-binding domains of GP6,
C6080G, encoded for a conservative Leu to Val substitution at position 83 in GP6. These
observations suggest that the amino acid sequence of the ligand binding domains of the GP6
have been conserved, whereas a greater level of amino acid variation has developed in the
stem and cytoplasmic domains. It is possible that amino acid replacements in the 2 Ig-like
domains of GP6 lead to an unacceptable reduction in collagen binding, however, work in our
laboratory suggests that some point mutations have relatively little effect on the affinity of
GP6 monomers for CRP and for collagen. Alternatively, the 2 Ig-like domains of GP6 may
be involved in an oligomerisation process upon ligand binding and small changes in structure
may affect oligomerisation leading to life-threatening pro-thrombotic or bleeding events.
Genotyping for polymorphisms that have been reported to affect the expression levels of
GPIba, and a2 integrin, 2 receptors involved in platelet adhesion to collagen, showed no

significant association with the GP6 haplotype (Data not shown).

The 18 SNPs segregated into 37 haplotypes and significant LD was observed between all the
non-synonymous SNPs and the previously described promoter polymorphism at position —
154. We next genotyped the 5 common non-synonymous SNPs in a panel of samples from
different ethnic backgrounds. The 5 sites were polymorphic in all populations studied with
the allele frequencies differing significantly between populations (Table 7).

The genotyping data was used to determine GP6 protein haplotypes, each of which would
encode a unique form of GP6 with potentially unique signalling responses. A total of 12 GP6
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protein haplotypes were identified (Table 8), 8 of which were shared between populations
and 4 were population specific. The haplotypes were numbered according to their prevalence
in the study group. Interestingly, a third common GP6 haplotype was observed in all
populations studied with a frequency between 0.13 and 0.02.

In the panel of Caucasians, 6.9 % of individuals had GP6 genotypes that could not be
predicted from typing at a single SNP position. This observation is of importance for
genotyping studies that have been performed to determine whether GP6 is a risk factor for
cardiovascular disease. In Caucasians, we observed that genotyping at 2 SNP positions
(T655C and A950T) identified individuals with variant GP6 types in 99.9 % of cases. For
non-Caucasian populations, genotyping for more than two SNPs is required to identify
variant GP6 types with the same degree of certainty. Previously, the T655C polymorphism
has been shown to be a risk factor for myocardial infarction in a restricted patient group.
However, by genotyping for additional SNPs in the GP6 gene we have shown that the T655C
genotype does not agree with the complete GP6 genotype in 6.9 % of Caucasians,
information that guards against the use of a single SNP for determining GP6 genotypes.

Our study has clearly identified that the GP6 locus is highly polymorphic with 37 haplotypes.
The SNPs in GP6 encode for 6 amino acid substitutions that are present in all populations
studied with significantly different frequencies between populations. The 6 SNPs encode for
12 GP6 protein variants, the most common of which differ in their response to GP6 specific
ligands. It is currently not known whether or not single or multiple amino acid substitutions
contribute to this difference. The panel of GP6 variants that we have identified will be

invaluable in elucidating the molecular mechanism of allele specific GP6 signalling.
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Table 2: Amplication and sequencing primers

Target Primer Primer Sequence (SEQ ID NO:)
exons Name
Exonl 5’ -CAGGGAGTTTATGGGAGCAC-3’ (39)

5’/ -CCAGCCATGAATACACTGGAA-3' (40)
Exon 2+3 GP6forl 5'-AATGTCCATAAAAGCGAGTCC-3' (41)

GP6revl 5’ -CCGTATTTGTGTCCTGAACG-3’ (42)
Exon 4 GP6for2 5'-AAAAAGCTCCCCAGCTCTTAG-3’ (43)
GPé6rev2 5'-ATGGCCATCAGGACCTATAAA-3' (44)
Exon 5 GP6for3 5'-TATTTGTTCAGGACCCACAGC-3" (45)
GPé6revd 5’ -AAGGGGTCCGTGTACCTCATA-3’ (46)
Exon 6 GP6for4 5'-CTCAAAAGGGGAATGGAGATA-3’ (47)
GPé6rev4d 5’ -AAGAGAGAGCTCCGTCCTCAC-3’ (48)

Exon 7+8 GP6for5 5'-GGAGTAGGCACAGTGACAGG-3' (49)
GP6rev5 5’ -GTTTCCACAGCTGTAGCCTCT-3' (50)
GP6rev6 5’ -GAGTTGGCTTTGGTGAAGAGA-3’ (51)

GP6for7 5'-CTGGAGGTGGGCTCTITTC-3’ (52)
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Table 4: Frequencies of SNPs identified in GP6

PCT/GB03/02208

Mature cDNA Genomic Croft dbSNPID Nucleotide Protein Sequencing  Panel 1
GP6 nucleotide et al Variation residue panel frequency
codon frequency
-222 G NA 0.995 nt
A 0.005
-154 C NA 0.489
T 0.511
-143 C NA 0.995 nt
/ T 0.005
15 G Pro 0.995 nt
A Pro 0.005
13 97 5870 C Leu 0.979 nt
T Leu 0.021
53 219 5992 C Leu 0.936 nt
T Leu 0.064
59 237 6010 G Lys 0.904 nt
A Lys 0.096
83 307 6080 C Leu 0.995 0.995
G Val 0.005 0.005
142 484 10533 10781  rs892090 C Arg 0.819 0.840
A Arg 0.181 0.160
145 495 10544 rs892089 C Phe 0.793 nt
T Phe 0.207
149 507 10556 10804 G Thr 0.767 nt
A Thr 0.233
172 576 10625 10873 151654425 G Ser 0.824 nt
A Ser 0.176
199 655 13010 13254 151613662 T Ser 0.814 0.842
C Pro 0.186 0.158
217 709 19570 19871 1s1654416 A Lys 0.809 0.825
G Glu 0.191 0.175
229 745 22524 21908 152304167 A Thr 0.798 0.821
G Ala 0.202 0.179
292 936 23232 22616 G Leu 0.697 0.654
C Leu 0.303 0.346
297 950 23246 22630 A Gln 0.793 0.820
T Leu 0.207 0.180
302 964 23260 22644 C His 0.814 0.843
A Asn 0.186 0.157

Where possible, the dbSNP reference ID is given. nt = not tested
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Table 6: Linkage Disequilibrium between the 18 SNPs in GP6 in the sequencing

panel
G C C C G C C C G 6.T A A G A C
2 1 1 G C 2 2,3 4 4 5 5'6 7 7 9 9 9,
2 5 4 1 9 1 3 0 8 9 0 7 5 0 4 -3 5 6
2 4 3 5 7 9 7 7 4 5 7 6.5 9 5 6 0 4
A T T A T TAGATAATG GG GTGT CT A

G-222A + + + + +

C-154T + -+ + + -+ + + -+ + + + +

C-143T + + +

G15A + +

Co7T  + +

+ + o+
+ + + o+
+ +
+ + o+ + o+
+ + o+ + o+
+ + o+ + o+
+ + o+ + o+
+ + o+ + o+
+ o+ + +
+ + o+ + o+ o+

‘¢ +* denotes LD (p<<0.04, Fishers Exact Test), non-synonymous SNPs are shaded in
grey
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Table 7: Frequency of GP6 “b” allele in population study.

Figures if brackets relate to the number of individuals tested for each genotype

Nucleotide T655C A709G A745G A950T G964A
Amino acid S199P K217E T229A Q297L H302N
Koreans (63) 0.024 0.169 (62) 0.185 (62) 0.183 0.041 (49)
SA Blacks (40) 0.325 0.475 0.613 0.551 (39) 0.474 (39)
Curaco (40) 0.288 0.423 (39) 0.488 0.462 (39) 0.363
Ethiopians (36) 0.242 (31) 0.290 (31) 0.403 0.310 (29) 0.368 (34)
Panel 1 (1127) 0.159 0.165 0.167 0.167 0.160
Sequencing panel (94) 0.186 0.197 0.202 0.202 0.181
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Table 8: GP6 protein variants
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Example 3

Introduction

Damage to blood vessels exposes circulating platelets to the extracellular
matrix. Here, collagen supports adhesion and stimulates platelet activation by acting
as a ligand for a number of platelet receptors. Platelets are first tethered by the
interaction of glycoprotein (GP) Ibaw with the A1 domain of von Willebrand Factor
(VWF), a plasma protein that binds to exposed collagen. Firm platelet adhesion
results from the concerted action of the collagen receptor GPIalla (integrin a2f1) and
the fibrinogen receptor GPIIbilla (allbf3) which also binds immobilised vWF.
Collagen mediated activation of platelets is dependent upon the engagement and
clustering of GPVI, an immunoglobulin (Ig) superfamily member with homology to
killer-cell Ig-like receptors (KIRs) and the FcaRl. We and others have recently
described the ligand binding sites of o2 integrin and GPIba at the structural level.

Glycoprotein (GP) VI is the major receptor responsible for platelet activation
by collagen, but the collagen-binding surface of GPVTI is unknown. Recent work has
demonstrated the key role played by GPVI in arterial thrombus formation in mice and
provides a clear basis for the development of potentially therapeutic GPVI inhibitors.
Indeed, blockade of GPVI is attractive for several reasons. Firstly, the expression of
GPVI is restricted to platelets and megakaryocytes. Secondly, collagen is required for
prothrombotic ‘COAT ° platelet formation, for which blockade of GPVI may provide
a specific control point. Thirdly, patients with congenital or acquired autoantibody-
mediated GPVI deficiency have only a mild bleeding disorder, despite having a
significantly reduced platelet response to collagen. These observations have been
recently confirmed in mice.

The GPVI gene is part of the human leukocyte receptor cluster (LRC) on
chromosome 19q13.4 15, GPVI has two extracellular C2-type Ig-like domains (D1
and D2). These Ig-like domains are connected by a glycosylated stem of ~60 amino
acids to a transmembrane sequence within which an arginine residue forms a salt-
bridge with a transmembrane aspartate in the FcR y chain. GPVI signalling is
dependent upon its’ interaction with the y chain. The 51 residue cytoplasmic domain

of human GPVI has binding sites for various signalling proteins. Two modes of
ligand binding for LRC members have been described. The KIRs bind to HLA via a
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surface that contains the interdomain linker, whereas FcaRI binds IgA via its’ N-
terminal Ig-like domain. Previous studies have shown that GPVI recognises glycine-
proline-hydroxyproline (GPO) repeat motifs in the triple helical structure of collagen.
It was also shown that collagen related peptide (CRP), which contains 10 GPO motifs
and spontaneously forms helices under physiological conditions is a powerful and
specific agonist for GPVL. GPVI specifically recognises CRP but not a peptide of
similar structure (GPP10) lacking hydroxyproline. Studies with GPVI-deficient
murine platelets and the inhibitory monoclonal antibody JAQ-1 are suggestive of the
existence of two collagen binding sites on GPVI, the primary one being the binding
site for CRP.

Here, we describe experiments which reveal the primary collagen-binding site
to a particular surface of GPVI using the aforementioned peptides. By homology
modelling of the Ig-like domains of human and murine GPVI on basis of the KIR
coordinates, residues of possible relevance to CRP binding were identified. On that
basis, twelve D1D2 molecules (wild type human and mouse and ten mutants of
human) were recombinantly expressed and their relative binding affinities for CRP
determined. The wild type hD1D2 was used as a bait to select inhibitory (clone
10B12) and non- inhibitory phage antibodies (clone 1C3) specific for GPVI. Results
of epitope mapping of the former and the modelling of interface of antibody 10B12
and GPVI combined with the results obtained with the mutant D1D2 molecules
allowed the identification of the primary collagen-binding surface on GPVL

Selection of phage antibodies binding to hD1D2

Human single chain variable domain antibody fragments (scFv) can be
selected from repertoires of human antibodies displayed on the surface of
philamentous phage. Antibodies specific for antigen can be obtained from such
libraries by rounds of phage affinity selection followed by expansion of selected and
antigen specific phage. Once antigen-specific ‘phage antibodies’ have been obtained
the genes encoding the Variable domains of Heavy (VH) and Light (VL) chains of the
antibody can be rescued. Using such an approach we selected from two human V
gene phage display libraries, Marks (Marks ez al, Biotechnology NY, 1993;11;1145-
9) and CAT (Vaughan et al, Nat. Biotechnol. 1996;14:309-14), scFvs specific for

GPVI. For both libraries, an identical protocol was used for the first round of
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selection. Briefly, phage were mixed with hD1D2 in solution and complexes were
then captured via the CaM tag onto the surface of BSA-N9A coated immunotubes.
After extensive washing, the phage antibody-hD1D2 complexes were eluted by
chelating calcium with 10 mM EDTA and then propagated in E. coli as previously
described (Watkins et al, Tissue Antigens, 2000;55:219-28). For the Marks library,
this protocol was repeated twice and clones from the third round of selection screened
for binding to hD1D2 by ELISA. For the CAT library, the second round of selection
was designed to enrich for scFvs that specifically blocked the CRP-D1D2 interaction.
In detail, pre-formed, immobilised hD1D2-CRP complexes were obtained by
incubating CaM tagged hD1D2 in wells coated with CRP. Regrown phage particles
from the first round were added to these wells and allowed to compete with CRP for
binding to hD1D2, thus releasing phage-hD1D2 complexes into solution. These
complexes were captured via the CaM tag, washed and eluted with EDTA as before.
Clones from this second round of selection were extensively screened for specificity.

In this manner two clones 10B12 and 1C3 were selected and the antibodies
thus obtained characterised.

The VH and VL genes of both clones were sequenced as previously described
(Watkins et al, Tissue Antigens, 2000;55:219-28) and nucleotide sequences compared
with germline V-gene sequences in the V-base directory (Cook et al, Immunology
Today, 1995;16:237-42). The scFv gene cassettes of both clones were subcloned into
the pUC119-Sfi/Not-His6 vector and scFv expressed as described previously
described (Watkins et al, Tissue Antigens, 2000;55:219-28) and purified as above.
The specificity of selected scFvs 10B12 and 1C3 was investigated:

e by ELISA with a panel of proteins either captured via the CaM tag to
BSA-N9A coated plates in the presence of Ca®, or coated directly onto
the microplate wells.

e by measuring the binding of the scFvs to blood cells by flow cytometry
with positive binding to platelets and no binding to other blood cells

e By showing the ability of soluble recombinant GPVI (residues 1-186) to
inhibit the binding of both scFvs to platelets

In platelet aggregometry, it was observed that scFv 10B12 but not scFv 1C3
was able to inhibit the aggregation of platelets induced by either collagen type I fibres
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(Ethicon, Somerville, New Jersey, USA) or collagen related peptide. The inhibitory
antibody 10B12 did not abrogate platelet aggregation induced by other platelet
agonists which do activate platelets via alternative signalling pathways then GPVI,
such as adenosine 5’-diphosphate (ADP; Sigma), U46619 (Sigma), thrombin receptor
activating peptide (TRAP; Sigma) or epinephrine (EPI; Sigma). ScFv 10B12 was also
able to inhibit the formation of thrombi in flowing whole blood over a surface coated
with collagen. Perfusion flow assays were performed as previously described (Roest
et al, Blood, 2000;96:1433-7). In sharp contrast scFv 1C3 had no ability to inhibit the
aggregation of platelets induced by collagen or CRP or reduce the thrombus formation
in whole blood.

Measurement of real-time interactions between recombinant GPVI proteins
and the two scFvs was used to show that the two antibodies 10B12 and 1C3 (inhibitor
and non-inhibitor) were against different epitopes on GPVI. Studies with 12 GPVI
recombinant proteins (residue 1-186, human and murine forms and 10 human
mutants) were used to obtain information on the epitope recognised by the inhibitory
antibody 10B12. Surprisingly only one mutant Lysine59Glutamate showed reduced
reactivity with scFv10B12. The same mutant showed a grossly reduced reactivity
with CRP.

Modelling of the 10B12-GPVI interface using information on wild type
human GPVI and the K59E mutant provided insight into the epitope recognised by
scFv 10B12. The highly acidic H3 loop of the VH domain of 10B12 forms part of a
negatively charged region in the antigen-binding surface of the antibody. This surface
has both charge and shape complementarity with a basic multi-lobed patch on the
apical surface of human GPVI. The modelling supports the notion that this lobed
patch is at the centre of the 10B12 epitope. The basic patch on human GPVI appears
to be formed by residues R38, K41, R46, K59 and R60. The K59E mutation reduces
the basic nature of the patch whilst the surrounding features are preserved explaining
the reduced binding of 10B12 to the KS9E mutant of human GPVI. The model
generated is compatible with a footprint of the antibody which would cover the
interdomain linker and extend to the apical surface of the second domain.

The availability of two recombinant antibodies against different but non
polymorphic epitopes on GPVI allows the development of simple immunoassays for

the measurement of human GPVI levels. This can be applied to determine i.e. the
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overall level of GPVI in platelets, the amount of GPVI displayed on the platelet
membrane and the levels of soluble GPVI in plasma. Such measurements provide an
alternative method to determine the GPVI alleles present in a certain individual as the
amount of GPVI is linked to the haplotype of the GPVI gene. Measuring GPVI levels
may be of relevance to determine the extent of platelet activation in certain clinical
conditions (i.e. arterial thrombus formation, thrombocytopenic thrombotic purpura,
heparin induced thrombocytopenia and thrombosis, disseminated intravascular
coagulation). Alternatively measurement of GPVI levels may be used to determine
the appropriate levels of a GPVI inhibitory drug to be administered, or may lead to the
adjustment of the dosing of other anti-thrombotics.

To conclude, using site-directed mutagenesis of the GPVI protein and human
antibodies against GPVI converging evidence has been obtained to localise the
collagen related peptide/primary collagen binding surface of GPVI to the area where
the first domain meets the interdomain linker.

Human antibodies against human GPVI, including 10B12 and 1C3, are also
the subject of International patent application No. PCT/GB01/005755.
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Claims

1. A method of diagnosing whether a subject has, or is at risk of, an abnormal
blood condition associated with an increased risk of bleeding which comprises
gletennining the GPVI allelotype of the subject to determine whether the subject is
homozygous or heterozygous for the GPVI allele.

2. A method according to claim 1 wherein the GPVI allelotype is determined by
detecting for one or more single nucleotide polymorphisms (SNPs) which are
distinctive of a GPVI allele.

3. A method according to claim 2 wherein the allele is the GPVD allele.

4, A method according to claim 2 or 3, wherein the subject is a Caucasian, and

SNPs at genomic nucleotide positions 13010 and 23246 are detected for.

5. A method according to claim 3 or 4 wherein all five SNPs identified herein (at
genomic nucleotide positions 13010, 19570, 22524, 23246, and 23260) as being
distinctive of the GPVT allele are detected for.

6. A method according to claim 2 or 3, wherein the subject is non-Caucasian, and
SNPs at more than two, preferably all five SNPs identified herein (at genomic
nucleotide positions 13010, 19570, 22524, 23246, and 23260) as being distinctive of
the GPVI allele are detected for.

7. A method according to any of claims 2 to 6 which includes the step of

amplifying nucleic acid obtained or derived from the subject.

8. A method according to any of claims 2 to 7 wherein the presence of the, or

each SNP is detected for using real-time PCR or fluorimetric analysis.

9. A method according to claim 1 or 2 wherein the GPVI allelotype is determined
by detecting for a protein expression product encoded by a GPVI allele.
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10. A method according to claim 9 wherein the GPVI allelotype is determined
using an antibody, or fragment or derivative thereof, specific for the protein

expression product.

11. A method according to claim 10 wherein the protein expression product is

detected for on the basis of its molecular weight, or using isoelectric focusing.

12. A method according to claim 1 or 2 wherein the GPVI allelotype is determined

using restriction enzyme analysis.

13. An abnormal blood condition diagnosis kit which comprises means for
determining the GPVI allelotype of a subject to determine whether the subject is
homozygous or heterozygous for the GPVD allele, wherein the abnormal blood

condition is associated with an increased risk of bleeding.

14. A Kkit according to claim 13, wherein the determining means allow detection of
two or more SNPs, or amino acids encoded by two or more SNPs, which are
distinctive of the GPVI allele.

15. A kit according to claim 14 for diagnosing a Caucasian, wherein the
determining means are for detection of SNPs at genomic nucleotide positions 13010
and 23246.

16. A kit according to claim 15, wherein the determining means are for detection

of SNPs at genomic nucleotide positions 13010, 19570, 22524, 23246, and 23260.
17. A kit according to claim 14 for diagnosing a non-Caucasian, wherein the

determining means are for detection of SNPs at more than two, preferably all five of

genomic nucleotide positions 13010, 19570, 22524, 23246, and 23260.
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18.  Use of a probe capable of binding specifically to a region of GPVI nucleic
acid which includes an SNP distinctive of a GPVI allele for the diagnosis of an

abnormal blood condition associated with an increased risk of bleeding.

19.  Use of a primer capable of amplifying GPVI nucleic acid which includes an
SNP distinctive of a GPVI allele for the diagnosis of an abnormal blood condition

associated with an increased risk of bleeding.

20. A GPVT specific antibody, or fragment or derivative thereof.

21.  AGPVP specific antibody, or fragment or derivative thereof.

22.  Use of an antibody, fragment, or derivative according to claim 20 or 21 for the
diagnosis of an abnormal blood condition associated with an increased risk of

bleeding.

23.  Use of an anti-GPVI antibody, fragment, or derivative for the diagnosis of an

abnormal blood condition associated with an increased risk of bleeding.
24,  Use according to claim 23, wherein the antibody is 10B12 or 1C3

25.  Use of a method according to any of claims 1 to 12, or a kit according to any

of claims 13 to 17, to determine the GPVT allelotype of a subject in need of surgery.

26.  Use according to claim 25, which further comprises administering a drug
and/or increasing the dosage of a drug to reduce the risk of bleeding during surgery,
and/or increasing the availability of donor blood if the GPVI allelotype of the subject

is determined to be homozygous or heterozygous for the GPVD allele.
27.  Use of a method according to any of claims 1 to 12, or a kit according to any

of claims 13 to 17, to determine the GPVI allelotype of a subject with a low platelet

count.
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28.  Use according to claim 27 wherein the low platelet count is due to low

endogenous platelet production, or increased destruction or consumption of platelets.

29.  Use according to claim 27, which further comprises increasing the platelet
transfusion trigger for the subject if the GPVI allelotype of the subject is determined
to be homozygous or heterozygous for the GPVP allele.

30.  Use of a method according to any of claims 1 to 12, or a kit according to any
of claims 13 to 17, to determine the GPVI allelotype of a subject with an inherited or

an acquired bleeding disorder.

31. Use according to claim 30 wherein the inherited bleeding disorder is
Haemophilia A or B, Von Willebrands® disease, or rare bleeding disorders, such as

Glanzmann thrombasthenia.

32.  Use of a method according to any of claims 1 to 12, or a kit according to any
of claims 13 to 17, to determine the GPVI allelotype of a subject being administered,
or in need of, a blood thinning drug, i.e. anti-thrombotics, thrombolytics, or other

drugs which reduce risk of thrombus formation.

33.  Use according to claim 32, which further comprises reducing the dosage of the
blood thinning drug if the GPVI allelotype of the subject is determined to be
homozygous or heterozygous for the GPVD allele.

34.  Use according to claim 32 or 33, wherein the blood thinning drug is an
inhibitor of collagen-mediated platelet activation, such as a drug directed to: GPVI
(such as antibodies 10B12); proteins associated directly with the intracellular domains
of GPVI (for example src family kinases such as fyn); proteins that associate with
FcR gamma (tyrosine kinase: p72syk; adaptors: LAT or SLP-76); or proteins
downstream from them in GPVI-mediated signalling (such as PI3-kinase,
phospholipase C gamma 2).
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35.  Use of a method according to any of claims 1 to 12, or a kit according to any

of claims 13 to 17, to determine the GPVI allelotype of a blood donor.

36.  Use according to claim 35, which further comprises preventing the donor from
giving platelets if the GPVI allelotype of the subject is determined to be homozygous
for the GPVI® allele.

37.  Use of a method according to any of claims 1 to 12, or a kit according to any
of claims 13 to 17, to determine the GPVI allelotype of a subject participating in a
clinical trial to assess a blood thinning drug candidate, i.e. anti-thrombotics,

thrombolytics, or other drugs which reduce risk of thrombus formation.

38. A method of running a diagnostic business, comprising:

(i) by the method of any of claims 1 to 12, determining the GPVI allelotype of the
subject to determine whether the subject is homozygous or heterozygous for the
GPVIb allele; and

(ii) notifying the subject or a healthcare provider of the result.

39. A method of conducting a bioinformatics business, comprising:

(i) by the method of any of claims 1 to 12, determining the GPVI allelotypes of a
plurality of different subjects to determine whether the subjects are homozygous or
heterozygous for the GPVIY allele; and

(i) generating a database comprising information recording the GPVI allelotype of

the different subjects.

49



WO 03/097875

Fluorescence intensity (1C3)

1/19

30-
]
| ]
20+ l::-l
m | |
. AAA 4
= ‘:
Hﬁ! Aaaat
104 wo¥m®  Aaa
- u Aa A
= A,A
0
aa ab bb

Figure 1.

PCT/GB03/02208



PCT/GB03/02208

WO 03/097875

2/19

[
w o [Te}
-—

(ZLg01) @ouUd9saI0N}) SAIEIOY

15+

“ e}
44 <« «
< « Ke
" = n
1]
am m =
[ ] ©
T T
o 10 o

(c91) @ouaosalonj} aAlje|oy

bb

aa

I
e
Lo

1 1 1 T
o o (=) o
< @ N ~

(91Ld) @2us9salony aAlje|dy

bb

aa

Figure 2A, 2B and 2C.



WO 03/097875 PCT/GB03/02208

3/19
60
©
& 50
@ " 4
o B
S 40 R i m a2a-CC
b 4 s aaCT
o A
s %1 e " 2 bb-CC
= o s > 4 bb-CT
> At
E & bb-TT
L
o 104
(174
0 )

| I 1 T
0.0 2.5 5.0 75 10.0 12,5
Relative fluorescence (1C3)

Figure 3.



WO 03/097875
4/19

aggregation %

0.6

CRP nug/mi

Figure 4 A.

PCT/GB03/02208

—=— a3, n=12
--4-- pb, n=7



WO 03/097875 PCT/GB03/02208
5/19

—_
-
o

_ 1

—=—3aa, N=5
---x-—- bp, n=1

uq
T
-

-

o
-~
”
Ce
o
P
Cd

aggregation %

| 1

00 25 50 75 10.0 125
Ethicon pg/ml

Figure 4B.



WO 03/097875 PCT/GB03/02208
6/19

—
o
?

\l
6)
I
L
'
1
1Y
LY
1
S
1
{
!
i
H
i
i
¥
H
i
i
!
l»———-—:—-iH
{
:
1
i
l
o
o
-
[
~

aggregation %
3

0 50 100 150 200
ADP M

Figure 4C.



WO 03/097875 PCT/GB03/02208
7/19

—=—aa, N=7
2 ---x-— bb, N=5
()
2
®
o
Q.
1
LL
0 oo T T ] [ 1
0.00 0.25 0.50 0.75 1.00 1.25
CRP pg/mi
100-
| |
| |
X 75- :l
> -
R ||
8 50-
o
™
25 4
A
A
O A

aa, n=7 bb, n=4

Figure SA



WO 03/097875
8/19

=S
()
2
=
7]
o
o
I
L.

0 " | | T | 1

0.00 0.25 0.50 0.75 1.00 1.25
CRP pg/ml
100-

X 754 ="

o

= "un

‘g 50+ n

Q.

1

1

254 n
O A

aa, n=9 bb, n=4

Figure 5B

PCT/GB03/02208

—=—aa, n=9
---«-- bb, N=5



WO 03/097875 PCT/GB03/02208
9/19

504 —=— a3, n=9
---x-— bb, n=5
°\° 40"
QO
IZ
=
(7]
o
o
1
L.

CRP pg/mi
30
32 n
_GZ, 20_ u
e
.g .
S | 1 ]
e _
™ 10 n
LT )| R
0
aa, n=9 bb, n=5

Figure SC



WO 03/097875 PCT/GB03/02208
10/19

Events

Fluorescence
intensity

Figure 6.



WO 03/097875 PCT/GB03/02208
11/19

Figure 7

10 20 30 40
ATGTCTCCATCCCCGACCGCCCTCTTCTGTCTTGEGCTGTGTCTGGGG
TACAGAGGTAGGGGCTGGCCGGAGAAGACAGAACCCGACACAGALCCCC

M s P 8§ P T A L P C L G L C L G>»

GLYCOPROTEIN VI >
SIGNAL PEPTIDE >
50 60 70 80 90

CGTGTGCCAGCGCAGAGTGGACCGCTCCCCAAGCCCTCCCTCCAGGCT
GCACACGGTCGCGTCTCACCTGGCGAGGGGETTCGGCGAGGGAGGTCCGA
R v P A Q 8 G P L P K P S L Q A

GLYCOPROTEIN VI >

>

100 110 120 130 140
CTGCCCAGCTCCCTCGTGCCCCTGGAGAAGCCAGTGACCCTCCGGTGC
GACGGGTCGAGGGACCACGGGEGACCTCTTCGGTCACTGGGAGGCCACG

L P S §$ L v P L E K P V T L R C>

0

GLYCOPROTEIN VI >
DOMAIN 1 >
150 160 170 180 190

CAGGGACCTCCGCGECGTGCACCTGTACCGCCTGGAGAAGCTGAGTTCC
GTCCCTGGAGGCCCGCACCTGGACATGGCGGACCTCTTCGACTCAAGG
Q 6P P G V DL ¥ R L E K L S S»>

GLYCOPROTEIN VI >
DOMAIN 1 >
200 210 220 230 240

AGCAGGTACCAGCGATCAGGCAGTCCTCTTCATCCCGGCCATGAAGAGA
TCGTCCATGGTCCTAGTCCGTCAGGAGAAGTAGGGCCGGTACTTCTCT
S R Y Q b gQ A VvV L F I P A M K R>

GLYCOPROTEIN VI >
DOMAIN 1 >
250 260 270 280

AGTCTGGCTGCGACGCTACCGCTGCTCCTACCAGAACGGAAGCCTCTGG
TCAGACCGACCTGCCATGCCCGACCGAGGATGGTCTTGCCTTCGGAGACC
S L. A G R Y R C S8 Y Q N G 8 L W>

GLYCOPROTEIN VI >
DOMAIN 1 >
>C307G
290 300 |310 320 330

TCCCTGCCCRGCGACCAGCTGGAGCTCGTTGCCACGGGAGTTTTTGCC
AGGGACGGGTCGCTGGTCGACCTCCGAGCAACGETCGCCCTCAAAAACGG
s . P S D QL E L V A T G V F A>
GLYCOPROTEIN VI >

DOMAIN 1 >

340 350 360 370 380
AAACCCTCGCTCTCAGCCCAGCCCGGCCCGGCGETETCGTCAGGAGGG
TTTGGGAGCGAGAGTCGEGTCGGGCCGEGGCCGCCACAGCAGTCCTCCC

K Pp 8 . s A Q P G P A YV 8 85 G G

GLYCOPROTEIN VI >




WO 03/097875 PCT/GB03/02208
12/19

DOMAIN 2 >
12/19
390 400 410 420 430
GACGTAACCCTACAGTGTCAGACTCEGTATGACTTTGACCAATTTGCT
CTGCATTGEGATGTCACAGTCTGAGCCATACCGAAACTGGTTARACGA
D V T L Q ¢ Q T R Y @ F D Q F A>

GLYCOPROTEIN VI >
DOMAIN 2 >
440 450 460 470 480

CTGTACAAGGAAGGGGACCCTGCGCCCTACAAGAATCCCGAGAGATGG
GACATGTTCCTTCCCCTGGGACGCGGGATETTCTTAGGGCTCTCTACC
L ¥ K E ¢ D P A P Y KN P E R W>

GLYCOPROTEIN VI >
DOMAIN 2 >
490 500 510 520

TACCGGGCTAGTTTCCCCATCATCACGGTGACCGCCGCCCACAGCGGA
ATGCECCCGATCAAAGGGCTAGTAGTGCCACTGGCGGCGEGTGTCGCCT
Yy R A § F P I I T V T A A H 85 G>

GLYCOPROTEIN VI >
DOMAIN 2 >
530 540 550 560 570

ACCTACCGATGCTACAGCTTCTCCAGCAGGGACCCATACCTGTGGTCG
TGGATGGCTACGATGTCGAAGAGGTCGTCCCTGGGETATGGACACCAGC
T ¥ R ¢C ¥ 8§ F 8 S R D P Y L& W S>
GLYCOPROTEIN VI >

DOMAIN 2 >

580 590 600 610 620
GCCCCCAGCGACCCCCTGGAGCTTGTGGTCACAGGAACCTCTGTGACC
CGGGGEGTCGCTGGEGGACCTCGAACACCAGTGTCCTTCGCGAGACACTGG

A P S D P L EL V V T G T S V T>

GLYCOPROTEIN VI >
DOMAIN 2 >
>T655C
630 640 650 | 660 670

CCCAGCCGGTTACCAACAGAACCACCTTCCTCGGTAGCAGAATTCTCA
GGGTCGGCCAATGGTTGTCTTGGTGGAAGCGAGCCATCGTCTTAAGAGT
P s R L P T E P P S § V A E F S»>

GLYCOPROTEIN VI >

>A709G
680 690 700 710 720
GAAGCCACCGCTGAACTGACCGTCTCATTCACAAACAAAGTCTTCACA
CTTCGGTGGCGACTTGACTGGCAGCGAGTAAGTGTTTGTTTCAGAAGTGT
E A T A EL T V S F T N K V F T>

GLYCOPROTEIN VI >
>A745G
730 740 | 750 760

ACTGAGACTTCTAGGAGTATCACCACCAGTCCAAAGGAGTCAGACTCT
TGACTCTGAAGATCCTCATAGTGGTGGTCAGETTTCCTCAGTCTGAGA

T E T & R &8 I T T &8 P K E S8 D 65>
GLYCOPROTEIN VI >




WO 03/097875

PCT/GB03/02208
13/19

770 780 790 800 810
CCAGCTGGTCCTGCCCGCCAGTACTACACCAAGGGCAACCTGETCCGG
GGTCGACCAGGACGGGECGEETCATGATGTGGTTCCCGTTGGACCAGGCT

P A G P A R Q Y Y T K G N L V R>
GLYCOPROTEIN VI >
>

820 830 840 850 860
ATATGCCTCGGGGCTGTGATCCTAATAATCCTGGCGEGGTTTCTGGCA
TATACGGAGCCCCGACACTAGGATTATTAGGACCGCCCCAAAGACCGT

I ¢ L ¢ AV I L I I L A G F L A>

GLYCOPROTEIN VI >
TRANSMEMBRANE >
870 880 ' 890 900 910

GAGGACTGGCACAGCCGGAGGAAGCGCCTECGEGCACAGGEGCAGGGCT
CTCCTGACCGTGTCGGCCTCCTTCGCGGACBCCETGTCCCCGTCCCGA
E D W H S R R KUPRUIL R HZR G R A>

GLYCOPROTEIN VI >

>A950T
|
920 930 940 950 960
GTGCAGAGGCCGCTTCCGCCCCTGCCGCCCCTCCCGCAGACCCGGARA
CACGTCTCCGGCGAAGGCGGGCACGGCEGGGAGGGCETCTGEGEECCTTT
vV Q R P L, P P L P P L P Q T R K>
GLYCOPROTEIN VI >

>CO64A

I
970 980 990 1000
TCACACGGGGGTCAGGATGGAGGCCGACAGGATGTTCACAGCCGCGEG
AGTGTGCCCCCAGTCCTACCTCCCGGCTGTCCTACAAGTGETCGEGCGCCC
S H G 6 Q D& G R Q DV H 8 R G>
GLYCOPROTEIN VI >

1010 1020 1030 1040 1050
TTATGTTCATGACCGCTGAACCCCAGGCACGGTCETATCCAMACGGCGAGGE
AATACAAGTACTGGCGACTTGGGETCCGEGTGCCAGCATAGETTCCCTCC

L C 8>
>

1060 1070 1080
GATCATGGCATGGGAGGCGACTCATGAGGGCAC
CTAGTACCGTACCCTCCGCTGAGTACTCCCGTG



WO 03/097875 PCT/GB03/02208
14/19

Figure 8
Allele a, encoding LSKTQH
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CTCCGGGCGTGGACCTGTACCGCCTGGAGAAGCTGAGTTCCAGCAGGTAC
CAGGATCAGGCAGTCCTCTTCATCCCGGCCATGAAGAGAAGTCTGGCTGG
ACGCTACCGCTGCTCCTACCAGAACGGAAGCCTCTGGTCCCTGCCCAGCG
ACCAGCTGGAGCTCGTTGCCACGGGAGTTTTTGCCAAACCCTCGCTCTCAG
CCCAGCCCGGCCCGGCGGTGTCGTCAGGAGGGGACGTAACCCTACAGTGT
CAGACTCGGTATGGCTTTGACCAATTTGCTCTGTACAAGGAAGGGGACCC
TGCGCCCTACAAGAATCCCGAGAGATGGTACCGGGCTAGTTTCCCCATCA
TCACGGTGACCGCCGCCCACAGCGGAACCTACCGATGCTACAGCTTCTCC
AGCAGGGACCCATACCTGTGGTCGGCCCCCAGCGACCCCCTGGAGCTTGT
GGTCACAGGAACCTCTGTGACCCCCAGCCGGTTACCAACAGAACCACCTT
CCTCGGTAGCAGAATTCTCAGAAGCCACCGCTGAACTGACCGTCTCATTC
ACAAACAAAGTCTTCACAACTGAGACTTCTAGGAGTATCACCACCAGTCC
AAAGGAGTCAGACTCTCCAGCTGGTCCTGCCCGCCAGTACTACACCAAGG
GCAACCTGGTCCGGATATGCCTCGGGGCTGTGATCCTAATAATCCTGGCG
GGGTTTCTGGCAGAGGACTGGCACAGCCGGAGGAAGCGCCTGCGGCACA
GGGGCAGGGCTGTGCAGAGGCCGCTTCCGCCCCTGCCGCCCCTCCCGCAG
ACCCGGAAATCACACGGGGGTCAGGATGGAGGCCGACAGGATGTTCACA
GCCGCGGGTTATGTTCATGACCGCTGAACCCCAGGCACGGTCGTATCCAA
GGGAGGGATCATGGCATGGGAGGCGACTCATGAGGGCAC

Allele a’, encoding VSKTQH

ATGTCTCCATCCCCGACCGCCCTCTTCTGTCTTGGGCTGTGTCTGGGGCGT
GTGCCAGCGCAGAGTGGACCGCTCCCCAAGCCCTCCCTCCAGGCTCTGCC
CAGCTCCCTGGTGCCCCTGGAGAAGCCAGTGACCCTCCGGTGCCAGGGAC
CTCCGGGCGTGGACCTGTACCGCCTGGAGAAGCTGAGTTCCAGCAGGTAC
CAGGATCAGGCAGTCCTCTTCATCCCGGCCATGAAGAGAAGTCTGGCTGG
ACGCTACCGCTGCTCCTACCAGAACGGAAGCCTCTGGTCCCTGCCCAGCG
ACCAGGTGGAGCTCGTTGCCACGGGAGTTTTTGCCAAACCCTCGCTCTCAG
CCCAGCCCGGCCCGGCGGTGTCGTCAGGAGGGGACGTAACCCTACAGTGT
CAGACTCGGTATGGCTTTGACCAATTTGCTCTGTACAAGGAAGGGGACCC
TGCGCCCTACAAGAATCCCGAGAGATGGTACCGGGCTAGTTTCCCCATCA
TCACGGTGACCGCCGCCCACAGCGGAACCTACCGATGCTACAGCTTCTCC
AGCAGGGACCCATACCTGTGGTCGGCCCCCAGCGACCCCCTGGAGCTTGT
GGTCACAGGAACCTCTGTGACCCCCAGCCGGTTACCAACAGAACCACCTT
CCTCGGTAGCAGAATTCTCAGAAGCCACCGCTGAACTGACCGTCTCATTC
ACAAACAAAGTCTTCACAACTGAGACTTCTAGGAGTATCACCACCAGTCC
AAAGGAGTCAGACTCTCCAGCTGGTCCTGCCCGCCAGTACTACACCAAGG
GCAACCTGGTCCGGATATGCCTCGGGGCTGTGATCCTAATAATCCTGGCG
GGGTTTCTGGCAGAGGACTGGCACAGCCGGAGGAAGCGCCTGCGGCACA
GGGGCAGGGCTGTGCAGAGGCCGCTTCCGCCCCTGCCGCCCCTCCCGCAG
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ACCCGGAAATCACACGGGGGTCAGGATGGAGGCCGACAGGATGTTCACA
GCCGCGGGTTATGTTCATGACCGCTGAACCCCAGGCACGGTCGTATCCAA
GGGAGGGATCATGGCATGGGAGGCGACTCATGAGGGCAC

Allele b, encoding LPEALN

ATGTCTCCATCCCCGACCGCCCTCTTCTGTCTTGGGCTGTGTCTGGGGCGT
GTGCCAGCGCAGAGTGGACCGCTCCCCAAGCCCTCCCTCCAGGCTCTGCC
CAGCTCCCTGGTGCCCCTGGAGAAGCCAGTGACCCTCCGGTGCCAGGGAC
CTCCGGGCGTGGACCTGTACCGCCTGGAGAAGCTGAGTTCCAGCAGGTAC
CAGGATCAGGCAGTCCTCTTCATCCCGGCCATGAAGAGAAGTCTGGCTGG
ACGCTACCGCTGCTCCTACCAGAACGGAAGCCTCTGGTCCCTGCCCAGCG
ACCAGCTGGAGCTCGTTGCCACGGGAGTTTTTGCCAAACCCTCGCTCTCAG
CCCAGCCCGGCCCGGCGGTGTCGTCAGGAGGGGACGTAACCCTACAGTGT
CAGACTCGGTATGGCTTTGACCAATTTGCTCTGTACAAGGAAGGGGACCC
TGCGCCCTACAAGAATCCCGAGAGATGGTACCGGGCTAGTTTCCCCATCA
TCACGGTGACCGCCGCCCACAGCGGAACCTACCGATGCTACAGCTTCTCC
AGCAGGGACCCATACCTGTGGTCGGCCCCCAGCGACCCCCTGGAGCTTGT
GGTCACAGGAACCTCTGTGACCCCCAGCCGGTTACCAACAGAACCACCTT
CCTTGGTAGCAGAATTCTCAGAAGCCACCGCTGAACTGACCGTCTCATTCA
CAAACGAAGTCTTCACAACTGAGACTTCTAGGAGTATCACCGCCAGTCCA
AAGGAGTCAGACTCTCCAGCTGGTCCTGCCCGCCAGTACTACACCAAGGG
CAACCTGGTCCGGATATGCCTCGGGGCTGTGATCCTAATAATCCTGGCGG
GGTTTCTGGCAGAGGACTGGCACAGCCGGAGGAAGCGCCTGCGGCACAG
GGGCAGGGCTGTGCAGAGGCCGCTTCCGCCCCTGCCGCCCCTCCCGCTGA
CCCGGAAATCAAACGGGGGTCAGGATGGAGGCCGACAGGATGTTCACAG
CCGCGGGTTATGTTCATGACCGCTGAACCCCAGGCACGGTCGTATCCAAG
GGAGGGATCATGGCATGGGAGGCGACTCATGAGGGCAC
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