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Brief report

Identification and characterization of a novel P2Y, variant in a patient diagnosed
with type 1 von Willebrand disease in the European MCMDM-1VWD study
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Michael Makris,! Jonathan T. Wilde,2 Andrew D. Mumford,® Stephen P. Watson,2 and Stuart J. Mundell®
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Service (NHS) Trust, Birmingham, United Kingdom; “Hematology Department, San Bortolo Hospital, Vicenza, Italy; 5Bristol Heart Institute, University of Bristol,
Bristol Royal Infirmary, Bristol, United Kingdom; and éDepartment of Pharmacology, University of Bristol, Bristol, United Kingdom

We investigated whether defects in the P2Y;,
ADP receptor gene (P2RY12) contribute to
the bleeding tendency in 92 index cases
enrolled in the European MCMDM-1VWD
study. A heterozygous mutation, predicting
a lysine to glutamate (K174E) substitution in
P2Y,,, was identified in one case with mild
type 1 von Willebrand disease (VWD) and a
VWF defect. Platelets from the index case

and relatives carrying the K174E defect
changed shape in response to ADP, but
showed reduced and reversible aggregation
in response to 10 .M ADP, unlike the maxi-
mal, sustained aggregation observed in con-
trols. The reduced response was associated
with an approximate 50% reduction in bind-
ing of [*H]2MeS-ADP to P2Y,,, whereas bind-
ing to the P2Y; receptor was normal.

A hemagglutinin-tagged K174E P2Y,, vari-
ant showed surface expression in CHO cells,
markedly reduced binding to [*H]2MeS-ADP,
and minimal ADP-mediated inhibition of
forskolin-induced adenylyl cyclase activity.
Our results provide further evidence for
locus heterogeneity in type 1 VWD. (Blood.
2009;113:4110-4113)

Introduction

Data from the European Molecular and Clinical Markers for the
Diagnosis and Management of type 1 von Willebrand Disease
(MCMDM-1VWD) study, and the Canadian Type 1 VWD Study,
suggest locus heterogeneity contributes to the pathogenesis of type 1
VWD, though, as yet, no associated defect in platelet reactivity has been
described.!? Given the role of von Willebrand factor (VWF) in primary
hemostasis, and the clinical similarities of patients with type 1 VWD and
platelet-based bleeding disorders, the bleeding tendency in patients with
type 1 VWD may be influenced by defects in the receptor or signaling
proteins mediating platelet adhesion and aggregation.

ADP is a feedback mediator of platelet aggregation, which elicits its
response through the G protein—coupled receptors, P2Y; and P2Y,.
Interaction of ADP with P2Y, leads to mobilization of intracellular
calcium and activation of Rho kinase, resulting in platelet shape change
and an initial wave of rapidly reversible aggregation.>> In contrast,
interaction with P2Y, is associated with adenylyl cyclase inhibition and
PI3-kinase activation, resulting in sustained aggregation in synergy with
the P2Y, receptor.’ Both receptors are required for a full aggregation
response to ADP.S

We investigated the possible contribution of P2Y, gene (P2RY12)
defects to the bleeding tendency in type 1 VWD patients recruited
through the MCMDM-1VWD study.

Methods

Study design and evaluation of bleeding

The phenotypic and genotypic characteristics of the MCMDM-1VWD
cohort have been described previously.! This study focused on those index

cases having normal VWF multimer profiles, usually considered a criterion
for type 1 VWD. This study has received local ethics committee approval at
each of the centers that participated in the MCMDM-1VWD study, and
informed consent was obtained in accordance with the Declaration of
Helsinki.

Genetic studies

P2RY12 coding sequences were amplified from genomic DNA and
sequenced on an ABI 3730 DNA capillary sequencer. The P2RYI2
520A>G mutation was sought in other subjects by restriction analysis
using Bsml.

Platelet function studies

Platelet aggregation and ATP secretion were assessed in platelet-rich
plasma (PRP) using a dual Chronolog lumiaggregometer (Havertown, PA)
as previously described.’

Ligand binding studies in platelets

Ligand binding studies using [*’H]2MeS-ADP (3 Ci [111 GBq]/mmol) were
performed as previously described.®

P2Y,, constructs, cell culture, and transfections

A P2Y, cDNA clone for the K174E variant was derived by amplification
from a hemagglutinin (HA)-tagged P2Y, construct.” CHO-K1 cells stably
expressing either wild-type or K174E variant construct were generated as
previously described.® Surface expression and cellular distribution of
HA-tagged receptors were assessed in transfected cells by enzyme-linked
immunosorbent assay (ELISA) and immunofluorescence microscopy as
described previously.!?
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Assessment of cAMP accumulation in CHO cells

ADP-induced inhibition of forskolin (I pM)-stimulated cAMP accumula-
tion in CHO cells was performed as previously described.”!! Data were
expressed as percentage inhibition of forskolin-stimulated adenylyl cyclase.

Radioligand binding in CHO cells

Cells expressing receptor constructs were harvested and incubated with
[*H]2MeS-ADP (3 Ci [111 GBq]/mmol) and binding was determined in the
presence of AR-C69931MX (10 uM) as described previously.®

Results and discussion

Identification of the K174E mutation

P2RY12 analysis, in DNA from 92 index cases enrolled in the
MCMDM-1VWD study with normal VWF multimers, identified a
heterozygous 520A>G transition in one case, P12F13I1.1, referred
to hereafter as PII.1. The transition, which predicts substitution of
lysine 174 by glutamate (K174E) in P2Y |5, also occurred in several
relatives of PIL.1, but not in 80 control subjects from the same
center as PII.1, suggesting it was unlikely to represent a
polymorphism.

Platelet activation in carriers of the K174E mutation

Platelets from 3 carriers of the K174E mutation, PII.1, her
mother (PI.1), and her sister (PII.2), changed shape in response
to ADP in the concentration range of 3 to 30 wM, indicating
normal P2Y, receptor function (Figure 1A). However, platelets
from all 3 patients exhibited reduced and transient aggregation
to a concentration of ADP (10 uM) that induced maximal
sustained aggregation of platelets from more than 40 control
subjects.” There was also a reduced response to 3 uM ADP,
whereas 30 uM ADP induced maximal, sustained aggregation
similar to that in controls (Figure 1A). These results indicated a
partial defect in the P2Y, receptor.” This was supported by the
further reduction in ADP (10 wM)—induced platelet aggregation
caused by the P2Y, receptor antagonist, ARC-67085 (Figure
1B), and by the reduction in the maximal level of dense granule
secretion induced by ADP in platelets from the 2 patients in
whom this was measured (Figure 1C). Thus, heterozygous
expression of the K174E mutation induces a partial loss in
aggregation and secretion to ADP.

Aggregation of platelets from PII.1 and PI.1 in response to
other agonists was also examined. Platelets from both subjects
displayed sustained aggregation, similar to that in controls, in
response to high concentrations of the GPVI agonist collagen-
related peptide (CRP; 1 pwg/mL), collagen (3 pg/mL), PAR-1
(100 pM)— and PAR-4-specific peptides (500 wM), and the
thromboxane A, analog U46619 (3 wM) (not shown). However,
reduced aggregation to lower concentrations of these agonists,
consistent with a positive feedback role for ADP, was observed
(not shown). Further, a reduction of approximately 50% in
platelet ATP secretion was observed in response to a single high
concentration of ADP and the PAR-4 peptide, reflecting the
critical feedback role of ADP in this response (Figure 1C).
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Figure 1. Agonist-induced platelet activation and [*H]2MeS-ADP binding in
heterozygous carriers of the P2Y, K174E mutation. (A) Platelet aggregation in
response to the indicated concentrations of ADP in citrated PRP from a healthy
volunteer (control) and from PII.2 (patient). (B) Aggregation of platelets in PRP from a
healthy volunteer (control) and PI.1 (patient) in response to 10 uM ADP in the
absence and presence of the P2Yq, antagonist ARC-67085 (1 pM) as shown.
(C) Maximal levels of ATP secretion in PRP from a control subject and PI.1 induced by
ADP (100 pM) and a PAR-4 peptide (500 uM) as indicated. The maximal level of
secretion in each sample is compared with the maximal levels of ATP secretion in
PRP from control subjects studied on separate occasions. (D) P2Y; and P2Y,
surface receptor levels were measured in fixed platelets by displacement of
[*H]2MeS-ADP (100 nM) by receptor antagonists for P2Y; (A3P5P; 1 mM) and P2Y 1,
(AR-C69931MX; 1 uM), respectively. Data are expressed as [*H]2MeS-ADP binding
(DPM) and represent means (= SEM) of 3 independent experiments. *Statistically
significant reduction in P2Y;, binding levels at P < .05 for data compared with
respective control data (Mann-Whitney U test).

[3H]2MeS-ADP binding to platelets from carriers of the K174E
mutation

K174 is situated in the second extracellular loop of P2Y ,, adjacent
to cysteine 175, 1 of 4 cysteine residues in P2Y, predicted to be
exposed on the cell surface and likely to be involved in binding
ADP.1213 Tts substitution by glutamate was therefore likely to
inhibit ADP binding. Consistent with this, [*H]2MeS-ADP binding
to P2Yy, on platelets from carriers of the K174E mutation was
reduced by up to 50%, whereas binding to P2Y was similar to that
on control platelets (Figure 1D).

Heterologous expression of wild-type and variant P2Y,
receptors

The defect associated with the K174E substitution was further
investigated in CHO cells stably expressing HA-tagged wild-type
and variant K174E P2Y, receptors. The wild-type and variant
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Figure 2. Markedly impaired signaling and binding to P2Y, K174E. (A) Agonist
(ADP; 0.01 pM to 10 uM)—dependent inhibition of forskolin (1 nM; 10 minutes)—
stimulated adenylyl cyclase activity was assessed in CHO cells stably expressing
wild-type and K174E P2Y, receptor. Data are expressed as percentage inhibition of
forskolin-stimulated adenylyl cyclase and represent means (= SEM) of 3 indepen-
dent experiments. (B) Receptor levels were measured in CHO cells stably expressing
wild-type or K174E receptor using [*H]2MeS-ADP (0.1-10 wM) in the presence of the
P2Y 1, receptor antagonist AR-C69931MX (1 wM) to determine specific binding. Data
are expressed as specific binding of [*H]2MeS-ADP (cpm) per milligram of protein
and represent means (+= SEM) of 3 independent experiments.

K174E receptors were expressed at similar levels on the surface of
CHO cells as assessed by ELISA and immunofluorescence,’
indicating that the mutation did not disrupt receptor synthesis or
trafficking (not shown). However, the K174E variant demonstrated
a marked reduction in its ability to negatively couple to adenylyl
cyclase as evidenced by the decrease in both maximal response and
rightward shift of the concentration-response curve (Figure 2A).
The disruption in ligand binding caused by the K174E substitution
in platelets was confirmed in the transfected CHO cells using
[*H]2MeS-ADP. Thus, whereas binding to CHO cells expressing
the wild-type receptor was saturable and maximal at a ligand
concentration of 1 pM (K; 0.31 = 0.05 wM), the K174E variant
demonstrated approximately 25% of the ligand binding capacity of
wild-type P2Y, at a ligand concentration of up to 10 uM (Figure
2B). Therefore, defective ADP-dependent inhibition of forskolin-
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Association of the K174E mutation with bleeding

The mild bleeding associated with P2Y, deficiency is thought to
be recessively inherited. Whereas this has been true for 6 of the
7 P2Y ,-deficient cases reported to date,'!” one patient with a
hemorrhagic diathesis and a heterozygous P2RY12 mutation (P258T)
has been described, whose platelets failed to aggregate in response
to low concentrations of ADP (= 4 mM), but showed reduced and
reversible aggregation at higher concentrations of ADP (20 uM).
This is similar to the profile observed in the 3 patients who have
been investigated in this study.?

In conclusion, the identification of a novel P2Y, defect and its
association with bleeding in a family with type 1 VWD supports a
contribution from other loci to the bleeding tendency in patients
diagnosed with type 1 VWD, providing further evidence for locus
heterogeneity in this disorder.

Acknowledgments

The contribution of the MCMDM-1VWD study partnership is
gratefully acknowledged. We thank Mr John Anson for his
contribution to the laboratory analyses.

This work was supported by the British Heart Foundation
(BHF; PG/06/038). The MCMDM-1VWD study was supported by
the European Community under the Fifth Framework Program
(QLG1-CT-2000-00387). S.J.M. holds a BHF Senior Lectureship.
S.P.W. holds a BHF Chair.

Authorship

Contribution: S.P.W. coordinated the study, which was initiated by
M.E.D.,ADM., MM., J.TW,, LR.P, and SPW.; MED., SPW,
S.J.M., and B.B.D. wrote the paper, which was read and com-
mented on by all authors; M.E.D., B.B.D., SJM., WA.L., and
S.P.W. participated in the data collection and laboratory analyses;
and A.C.G., LR.P,, and E.R. initiated and coordinated the MCMDM-
1VWD study.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Martina Daly, Academic Unit of Haematol-
ogy, School of Medicine and Biomedical Sciences, Beech Hill

stimulated adenylyl cyclase activity in cells expressing the KI174E  Road, Sheffield, S10 2RX, United Kingdom; e-mail:
variant occurred as a result of a failure in ligand binding. m.daly @sheffield.ac.uk.
References
1. Goodeve A, Eikenboom J, Castaman G, et al. induced platelet shape change: an investigation 8. Mundell SJ, Jones ML, Hardy AR, et al. Distinct
Phenotype and genotype of a cohort of families of the signalling pathways involved and their de- roles for protein kinase C isoforms in regulating
historically diagnosed with type 1 von Willebrand pendence on the method of platelet preparation. platelet purinergic receptor function. Mol Pharma-
disease in the European study, Molecular and Platelets. 2000;11:286-295. col. 2006;70:1132-1142.
C“”'fa|f q_/larke;s for\t/:ﬁl [:)'agnc?g_s and Mﬁ‘ﬂ”gge‘ 5. Gachet C. P2 receptors, platelet function and 9. Hardy AR, Conley PB, Luo J, Benovic JL, Poole
ment of Type 1 von Willebrand Disease (MC- pharmacological implications. Thromb Haemost.
109" AW, Mundell SJ. P2Y1 and P2Y12 receptors for
MDM-1VWD). Blood. 2007;109:112-121. 2008;99:466-472 - o
I . ADP desensitize by distinct kinase-dependent
2. James PD, Notley C, Hegadorn C, et al. The mu- 6. Jin J, Kunapuli SP. Co-activation of two different mechanisms. Blood. 2005:105:3552-3560.
tational spectrum of type 1 von Willebrand dis- G protein-coupled receptors is essential for ADP- .
ease: results from a Canadian cohort study. induced platelet aggregation. Proc Natl Acad Sci 10 Mundell SJ, Matharu AL, Kelly E, Benovic JL. Ar-
Blood. 2007;109:145-154. U SA. 1998:95:8070-8074. restin isoforms dictate differential kinetics of A2B
3. Kunapuli SP, Ding Z, Dorsam RT, Kim S, 7. Dawood BB, Wilde J, Watson SP. Reference ;ggg?;"f o800, F;tggggmki"g' Biochemistry.
Murugappan S, Quinton TM. ADP receptors: curves for aggregation and ATP secretion to aid o i :
targets for developing antithrombotic agents. diagnosis of platelet-based bleeding disorders: 11. Mundell SJ, Benovic JL, Kelly E. Selective inhibi-

Curr Pharm Des. 2003;9:2303-2316.

4. Wilde JI, Retzer M, Siess W, Watson SP. ADP-

effect of inhibition of ADP and thromboxane A2
pathways. Platelets. 2007;18:329-345.

tion of adenosine A2 receptor desensitization in
NG108-15 cells stably transfected with dominant


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

BLOOD, 23 APRIL 2009 - VOLUME 113, NUMBER 17

12.

13.

14.

From bloodjournal.hematologylibrary.org at UNIVERSITY OF BIRMINGHAM on September 20, 2012. For

negative mutant GRK2. Mol Pharmacol. 1997;51:
991-998.

Costanzi S, Mamedova L, Gao ZG, Jacobson KA.
Architecture of P2Y nucleotide receptors: struc-
tural comparison based on sequence analysis,
mutagenesis, and homology modeling. J Med
Chem. 2004;47:5393-5404.

Savi P, Zachayus J-L, Delesque-Touchard N, et
al. The active metabolite of clopidogrel disrupts
P2Y12 receptor oligomers and partitions them out
of lipid rafts. Proc Natl Acad Sci U S A. 2006;103:
11069-11074.

Cattaneo M, Lecchi A, Randi AM, McGregor JL,
Mannucci PM. Identification of a new congenital
defect of platelet function characterized by severe

personal use only.

impairment of platelet responses to adenosine
diphosphate. Blood. 1992;80:2787-2796.

. Cattaneo M, Lecchi A, Lombardi R, Gachet C,

Zighetti ML. Platelets from a patient heterozygous
for the defect of P2¢y¢ receptors for ADP have a
secretion defect despite normal thromboxane A,
production and normal granule stores: further evi-
dence that some cases of platelet ‘Primary secre-
tion defect’ are heterozygous for a defect of
P2cyc receptors. Arterioscler Thromb Vasc Biol.
2000;20:101-e106.

. Hollopeter G, Jantzen H-M, Vincent D, et al. Iden-

tification of the platelet ADP receptor targeted by
antithrombotic drugs. Nature. 2001;409:202-207.

. Cattaneo M, Zighetti ML, Lombardi R, et al. Mo-

lecular bases of defective signal transduction in

P2Y,, RECEPTOR DEFECT IN TYPE 1 VWD

20.

4113

the platelet P2Y12 receptor of a patient with con-
genital bleeding. Proc Natl Acad Sci U S A. 2003;
100:1978-1983.

Cattaneo M. Inherited platelet-based bleeding
disorders. J Thromb Haemost. 2003;1:1628-
1636.

Shiraga M, Miyata S, Kato H, et al. Impaired
platelet function in a patient with P2Y12 defi-
ciency caused by a mutation in the translation
initiation codon. J Thromb Haemost. 2005;3:
2315-2323.

Remijn JA, IJsseldijk MJW, Strunk ALM, et al.
Novel molecular defect in the platelet ADP recep-
tor P2Y, of a patient with haemorrhagic diathe-
sis. Clin Chem Lab Med. 2007;45:187-189.


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

