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Abstract
Identifying the mechanisms underlying the contribution of coagulation factor XII (fXII) to arterial thrombosis is of particular clinical interest.
The physiological importance of platelet dense granules-derived polyphosphates in fXII activation is a subject of intense discussion and controversy.
Our previous study suggested that the potently activated platelet-surface plays the more essential role in fXII activation. We, therefore, assayed the
plasma fXII activation by potently stimulated platelets from a variety of patients with inherited granule disorders to clarify the possible role of surfaceassociated dense- or α-granule components. The assay was performed with A23187-stimulated platelets washed from secretions containing fXII(a)
inhibitors. Platelets from two patients with dense granule defects and one patient with Wiskott-Aldrich syndrome supported surface-associated fXII
activation significantly better than platelets from 52 healthy donors. The platelets from two patients with Hermansky-Pudlak syndrome demonstrated
no significant difference compared with the donor group. In contrast, platelets from one patient with α,δ-storage pool deficiency as well as platelets from
four patients with gray platelet syndrome of different genetic backgrounds did not support fXII activation. The results underscore the non-essential role
of dense granule components in platelet surface-associated fXII activation.

Introduction
Coagulation factor XII (fXII) is a key component of the
blood contact system and is involved in a number of vascular
pathophysiologic processes in addition to coagulation [1]. Several
recent findings suggest that fXII may play an important role
in arterial thrombosis without affecting haemostasis. Of note,
thrombus formation is impaired in fXII-deficient mice [2-4] and
is suppressed in wild type mice and primates following fXIIa
inhibition [5,6].

The mechanism of fXII contribution to arterial thrombosis
is presently unclear. Platelets have been considered as probable
activators of fXII in arterial thrombi. Several studies have suggested
different methods of platelet-related fXII activation, namely via the
platelet surface [7-10], by platelet-derived and circulating plasma
microparticles [11,12] and via platelet dense granules-derived
polyphosphates (poly-P) [13] (Supplementary Table S1). Recently,
poly-P have been widely considered to be the most important
platelet-derived fXII activators [14-18]. However, a number of
studies have shed doubt on the overall role of platelets and the
importance of platelet-secreted poly-P fXII activation [19-24]. Our
results suggest that fXII activation in plasma by platelet-derived
substances may be counteracted by the simultaneous secretion
Copyright © All rights are reserved by Natalia V Zakharova

of platelet-derived fXIIa inhibitors [10] such as C1 inhibitor [25]
or histidine-rich glycoprotein [26,27]. Conversely, the potently
stimulated platelets washed from secretions resulted in significant
surface-associated fXII activation sufficient for triggering the
clotting of plasma, a process that was most likely related to surfaceassociated α-granule components [10].

Accordingly, we assayed the surface-associated fXII activation
by potently stimulated platelets from a variety of patients with
inherited granule disorders and 52 healthy donors. Patients
included two patients with dense granule defects (DGD), two
patients with Hermansky-Pudlak syndrome (HPS), one patient with
Wiskott-Aldrich syndrome (WAS), one patient with α,δ-storage pool
deficiency (α,δ-SPD), and four patients with gray platelet syndrome
(GPS, α-granule deficiency) from different genetic backgrounds.
The activated platelets were washed from their secretions, and we
only assayed the platelet surface-associated reaction.

Materials and Methods
Materials

The following materials were from the sources shown in
parentheses: fXII (Enzyme Research Laboratories; South Bend,
IN, USA); FITC-annexin V (BD Biosciences; San Jose, CA, USA);
Volume 1 - Issue - 1

1/5

Archives of Blood Transfusion & Disorders

Arch Blood Transfus Disord

prostaglandin E1 (PGE1, MP Biochemicals; Irvine, CA, USA);
chromogenic substrate S2302 (Chromogenix; Milano, Italy); HEPES,
bovine serum albumin, apyrase grade VII, mepacrine (quinacrine),
EDTA and DMSO (Sigma-Aldrich; St Louis, MO, USA); calcium
ionophore A23187 (Tocris Bioscience; Ellisville, MO, USA). Factor
XIIa-specific corn trypsin inhibitor (CTI) was kindly provided by
Dr. Smolyaninov (Institute of Protein Research, Russian Academy of
Sciences, Pushchino, Russia).

Blood collection,
preparation

platelet

isolation

and

plasma

All procedures involving blood collection were performed
in accordance with the Declaration of Helsinki using a protocol
approved by the institution’s Ethics Committees of Federal
Research and Clinical Centre of Paediatric Haematology, Oncology
and Immunology, Aix Marseille University, and the Centre for
Theoretical Problems of Physicochemical Pharmacology. Written
informed consent was obtained from all donors and patients. Blood
was collected into 106mM sodium citrate at 9:1 volume ratio and
supplemented with apyrase (0.1U/ml) and PGE1 (1μM). After
precipitation from platelet-rich plasma at 400g for 5min, platelets
were resuspended and washed with buffer A (150mM NaCl, 2.7mM
KCl, 1mM MgCl2, 0.4mM NaH2PO4, 20mM HEPES, 5mM glucose,
and 0.5% bovine serum albumin, pH 7.4). To prepare chelated
plasma for the fXII activation assay, after platelet precipitation, the
plasma was further centrifuged for 30min at 16,000g to remove
microparticles [28], diluted to 40% with buffer A, and supplemented
with 8mM sodium EDTA (pH 7.6). Calcium chelation was necessary
to exclude thrombin generation and fXIIa-independent reactions in
a further chromogenic assay.

Patients

Dense granule defects (DGD): Two patients with DGD were
assayed at the La Timone Hospital in Marseille: a 70-year-old man
(DGD-1) and a 50-year-old woman (DGD-2). These two patients
had been previously examined on several occasions for bleeding
episodes. They had normal platelet counts and aggregation and
exhibited a profound decrease in two dense granule substances,
serotonin (0.16 and 0.17 AU-Normal range: 0.30-1.20) and
granulophysin (CD63) (mean fluorescence intensity: 1.30 and 1.22Normal range: 1.50-4.23). Whole mount and thin section platelet
transmission electron microscopy revealed a high percentage
of platelets without dense granules (52 and 80% - normal value
<30%). DGD-2 was found to carry an FLI-1 mutation. The both
DGD-1 and DGD-2 platelets showed low capture and release of
α-granule marker mepacrine.

Hermansky-Pudlak syndrome (HPS): Two patients with
HPS of different origin were assayed: a 49-year-old woman at the
La Timone Hospital in Marseille (HPS-1) and a 30-year-old woman
at the Rogachev Centre in Moscow (HPS-2). Both patients had
characteristic laboratory and clinical features of HPS that included
a long bleeding time, albinism, nystagmus, pulmonary or mammary
glandular fibrosis, and anaemia. HPS-1 platelets lacked dense
granules as determined by electron microscopy, had a low CD63
expression upon stimulation, and had decreased aggregation in

response to ADP and collagen. The both HPS-1 and HPS-2 platelets
showed low capture and release of δ-granule marker mepacrine.

Wiskott-Aldrich syndrome (WAS): One patient with WAS, a
12-year-old boy at the Rogachev Centre in Moscow, possessed an
X chromosome gene WAS mutation in exon 1 (AGT-TGT c 4A>T,
p Ser2Cys; and Hemi, intron insertion c 273+(5+11)) and had a
familial history with similar clinical patterns that was inherited
only by the men in the family. These clinical manifestations included
epistaxis, petechiae, multiple ecchymoses, and subretinal macular
haemorrhage. His platelets showed critical functional depression,
decreased activated integr in αIIbβ3 exposition (PAC-1 mean
fluorescence intensity 560, normal range 700-1500), low release
of α-granules (CD62P mean fluorescence intensity 3730, normal
range 10660-18640) and decreased capture of δ-granule marker
mepacrine by non-activated platelets (mean fluorescence intensity
480, normal range 770-1360).
α,δ-Storage pool deficiency (α,δ-SPD): One patient with α,δSPD, a 6-year-old girl at the Rogachev Centre in Moscow, had inborn
thrombocytopenia, signs of megakaryocyte-erythroid dyspoiesis,
slight hypocoagulation on the APTT test, and lack of ristocetincofactor activity with moderately-decreased vWF-antigen content.
Her platelets showed slightly decreased aggregation in response to
ADP and ristocetin and were significantly deficient in their ability
to release both α-granules (CD62P mean fluorescence intensity
5370, normal range 10660-18640) and δ-granules (mepacrine
mean fluorescence intensity 1410 and 1140 for non-activated and
activated platelets, respectively, at normal ranges 770-1360 and
210-260, respectively).
Gray platelet syndrome (GPS): One of the four assayed
patients with recessive gray syndrome was a 28-year-old woman
at the La Timone Hospital in Marseille (GPS-1). Morphological
platelet examination and intragranular protein measurements
confirmed the paucity of platelet α-granules. The serum PAI-1
antigen level was 3ng/ml (normal value: 92-283) indicating a
complete absence of this alpha granule protein. Sanger sequencing
revealed a homozygous mutation in the NBEAL2 gene (c7202 ins
TCCTTCATCAC), which is known to play a role in the formation of
the α-granule [29].

Three other patients with GPS at the Rogachev Centre in
Moscow were relatives with an autosomal dominant familial
version of the syndrome: a 36-year-old man [10] (GPS-2), his
4-year-old son (GPS-3), and his 2-year-old daughter (GPS-4). They
had characteristic laboratory and clinical features of GPS: severe
α-granule protein deficiencies, large, agranular and grey platelets,
moderate thrombocytopenia, recurrent ecchymosis, epistaxis, and
decreased aggregation in response to ADP, but not to ristocetin. The
diagnosis was based on the presence of grey platelets on stained
smear samples, and a critical decrease in alpha-granular markers
(P-select in, factor V and fibrinogen).

Platelet activation and secretion removal

Platelets were activated at a concentration of 2×108/mL for
10min with 10µM A23187 in the presence of 2.5mM CaCl2. This
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activation typically yields approximately 90% of PS-positive
poorly aggregated platelets [10]. To remove the soluble secreted
components including fXII(a) inhibitors [25-27], the activated
platelets were further washed with buffer A through double
precipitation at 16,000g for 10min.

Platelet-dependent fXIIa generation

Platelet-dependent fXIIa generation was measured with the
chromogenic substrate S2302 as described [10]. Briefly, the platelets
were stimulated with A23187, washed from the secretions, and
mixed at 1×107/mL with 200µM S2302 and 20% chelated plasma
(as fXII source). For the controls, the platelets were replaced with
buffer A. Previously, the activity of other S2302 cleaving factors
had been shown to be negligible under these conditions [10]. The
results were expressed as concentrations of the fXIIa formed, which
were calculated using the determined 1nM fXIIa reaction rate value.
The plasma-related fXII auto-activation in most cases under these
conditions ranged from 0.4 to 0.7nM (Supplementary Figure S1A),
while the standard error for the individual measurements was
±0.07nM (for at least three replicates). Therefore, the reference
plasma-related fXII activation was estimated in each particular
experiment and subtracted from the individual values obtained for
this plasma with added platelets (Supplementary Figure S1B). The
results presented below correspond to platelet dependent fXIIa
formation only, while the platelet independent plasma-related fXII
auto-activation was considered as ‘zero’ level (0±0.07 nM). The
cases with negative values that were significantly different from
zero implicated the platelet-dependent inhibition of plasma autoactivated fXIIa.

Statistics

The values for each individual were calculated as the mean
values from at least three independent measurements. Statistical
significance was estimated with the non-parametric two-tailed
Mann-Whitney test for the groups of patients or was referenced
to the empirical distribution among individual healthy donors as
a two-tailed value.

Results and Discussion

Table 1 illustrate the platelet surface-associated fXII activation
for different patients in comparison with healthy donors. The results
are shown in accordance to different dense- and/or α-granule
disorders. The data indicate that platelets from two patients
with dense granule defects (DGD) paradoxically supported fXII
activation significantly better than platelets from healthy donors
(n=2, p=0.013). Interestingly, the activation was essentially higher
in the case of platelets from DGD-2 patient that had the higher
percentage of platelets without dense granules (80% versus 52%
in the case of DGD-1). However, the platelets from patients with
Hermansky-Pudlak syndrome (HPS) demonstrated no significant
difference from the donor group (Table 1). Nevertheless, fXII
activation was reliably present for all of the platelets that lacked
the dense granules only. This strongly suggested that dense granule
secretion is not essential for surface-associated fXII activation.
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The fXII activation by platelets from patients with HPS seems
to contradict the earlier results that suggest that PAR-1 stimulation
of HPS-platelets fails to trigger fXII activation in PRP because of
impaired poly-P secretion [13]. However, unlike earlier studies, the
current study considered platelet surface-associated fXII-activation
[13], applied potent platelet stimulation, and accounted for the
possible fXIIa inhibition by platelet-secreted material [10,25,26].
Thus, our results are rather specific in their evaluation of the
capacity of the platelet surface to trigger fXII activation.

The earlier finding regarding the poor efficiency of gray
platelets to activate fXII suggests that the membrane-associated
α-granule components must be playing an important role [10].
The results obtained here with platelets from additional patients
with GPS were consistent with earlier ones: in all cases, the values
were lower than the minimum from the donor group Table 1.
Importantly, the direct comparison of results divided into the
groups consisting of dense- or α-granule disorders supported that
the group with dense-granule disorders (including the results for
DGD and HPS) was significantly different from the GPS group with
α-granule deficiency (p=0.029, Table 1). This suggests the superior
importance of α-granule components in membrane-associated
fXII activation relative to the components of dense-granules. The
intriguing results were obtained with platelets from patients with
Wiskott-Aldrich syndrome (WAS) and α,δ-storage pool deficiency
(α,δ- SPD) Table 1. While the both platelet preparations had
essentially decreased release of the both α- and dense granules,
they demonstrated the opposite capacities in surface-associated
fXII activation. The SPD-platelets did not activate fXII similar to GPSplatelets, however WAS-platelets unexpectedly demonstrated the
highest fXII activation among all the analysed platelet preparations.
Because this study focused on the platelet surface-associated
processes only, we used A23187-stimulation since it typically yields
>90% PS-positive poorly aggregated platelets. In addition, the
platelets could be easily washed away from the secreted material
[10]. Importantly, this type of stimulation under these conditions is
similar to platelet activation by potent physiological activators with
respect to the triggering of surface-associated fXII activation [10].

Notably, the capacity for fXII activation was extremely variable
within the donor group. In particular, the two lowest donor values
in Supplementary Figure S1B were <0.05nM fXIIa formed (upon
the measurement accuracy ±0.07nM), while the two highest values
exceeded 0.75nM (that is ~1.5 times higher than the average
plasma-related fXII auto-activation). The cause of this variation
is unclear and may be of clinical interest and an interesting topic
for further research. However, we did not account for the possible
retention of α-granule-derived fXIIa inhibitors by platelet surfaces
under these conditions [25,30], although the secreted inhibitors
were removed. It is likely that the quantity of surface-associated
inhibitors varies among individuals. The values obtained for GPS
and SPD platelets that were lying below the ‘zero’ level (Figure S1,
Table 1) also suggest a slight inhibition of plasma auto-activated
fXIIa by these platelets. However α-granule-secretion was impaired
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in these cases, which suggests that platelets may also retain non-αgranule inhibitors.

Table S1: Studies considering platelet-related fXII activation.
fXII Activating Platelet
Component

References

Platelet surface

[7-10]

Microparticles

Dense granules-derived poly-P
Platelets do not activate fXII

[11,12]

[13-18]
[19,20]

Overall, it can be concluded that the platelets from patients
with dense granule disorders still support fXII activation. The
results additionally suggest that α-granule release is more essential
in platelet surface-associated fXII activation than release of dense
granules. The increased fXII activation by DGD and WAS platelets
as well as divergence of results for SPD and WAS platelets seem
to be intriguing and point to insufficient understanding of the
regulatory function of platelets in the contact processes. Further
analysis of platelets from additional patients will help to clarify the
relationship between dense granule disorders and increased fXII
activation. The particular role of membrane-associated α-granule
components in fXII activation also requires further investigations.
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