Clinical and Laboratory Findings in Patients with 6-Storage Pool Disease: A Case Series
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Abstract

Platelet 6-storage pool disease (6-SPD) is a platelet function disorder characterized by a reduction in
the number or content of dense granules. Reports on 6-SPD are mostly limited to case presentations.
We aimed to retrospectively describe a series of patients with 6-SPD to better characterize the
disease.We studied 16 patients with congenital or

acquired 6-SPD. Lumiaggregometry, a- and 6-granules content, platelet ultrastructure, allbpf3
integrin, and glycoprotein Ib (GPIb) activation were assessed.Most of the patients generally
demonstrate mild to moderate bleeding diathesis. Platelet aggregation studies showed moderate
abnormalities with variable profiles, while all the individuals had almost complete absence of
adenosine triphosphate release. Mepacrine capture, CD63 expression, and study of dense granules
by electron microscopy enabled to distinguish different subtypes of 6-SPD with quantitative or
qualitative defect. Surprisingly, significantly decreased GPlb expression levels after platelet activation
with thrombin receptor activating peptide 50 uMwere found, suggesting that GPIb-impaired
mobilization may represent an additional feature of the disorder. In conclusion, 6-SPD represents a
complex disorder with various clinical and biological aspects, requiring a great deal of expertise to be
properly diagnosed.

Introduction

Platelets play a major role in hemostasis. Their activation results in shape change, adhesion,
aggregation, and release of granule contents.1 Three types of granules are present in platelets: a-
granules, dense (8) granules, and lysosomes. Avast array ofmore than 300 proteins is stored in
a-granules, including hemostatic and adhesive molecules, inflammatory peptides, and growth
factors.2 Dense bodies contain serotonin, adenine nucleotides, calcium, and pyrophosphate,
while lysosomes are composed of soluble enzymes and nonenzymatic proteins.3 Human
platelets contain three to eight dense granules per platelet, each measuring 100 to 300 nm in
diameter.4 6-storage pool diseases (6-SPD) encompass a rare and heterogeneous group of
conditions characterized by defects in the number or content of platelet 6-granules.5 The causes
of 6-SPD are multiple and variable and can be classified into (1) congenital diseases including
Hermansky—Pudlak and Chédiak—Higashi syndromes, (2) nonsyndromic inherited platelet
disorders, or (3) acquired forms, most often associated with hematologic malignancies
(myeloproliferative syndrome,acute leukemia, or myelodysplastic syndromes).6

Decreased dense bodies secretion leads to a defective hemostatic response to vascular injury
and patients suffer from mild to moderate hemorrhagic diathesis mainly characterizedby
mucocutaneous bleedings. Thus, rapid and accurate diagnosis is crucial to initiate appropriate
therapy that inturn prevents bleeding. The diagnosis must be confirmed by specialized tests,



required to demonstrate the absence or marked reduction of 8-granules (electron microscopy
[EM]or mepacrine uptake) and/or their content (nucleotides measured by chemiluminescence
or serotonin by high-performance liquid chromatography).7,8This platelet disorder is
considered to be a relatively rare disease, and most previous studies described clinical and
laboratory findings in isolated case reports.9,10 Some case series have been also reported, but
they were mainly focused on individual platelet tests.11-13Although &-granules deficiency is the
key feature, it ispresently poorly known whether other platelet structural or function
abnormalities are associated with the disorder. The aim of our work was to retrospectively
describe a series of patients with §-SPD, who were diagnosed and largely explored in the French
Reference Center for Platelet Disorders of Bordeaux. These data provide novel information to
better characterize the disease and enable better understanding of the contributions of
structural abnormalities and defective activation pathways to the platelet phenotype.

Methods

Patients

A total of 16 patients were diagnosed in our center as having a 6-SPD of different causes. Clinical
investigations included medical and family history, as well as physical examination. Signs of
bleeding by sites and bleeding events requiring treatment were also assessed. Bleeding was
scored according to the Bleeding Assessment Tool of the International Society on Thrombosis
and Haemostasis (ISTH-BAT).14This observational study was approved by our institutional
review board (Comité de Protection des Personnes Sud-Ouest et Outre Mer III, Bordeaux,
France). Platelet Studies Preanalytical Procedures Venipuncture was performed after at least 5
minutes of rest. Needles with diameters between 19 and 22 gaugewere used. All tubes were
inverted at least 10 times to mix the anticoagulant with the blood and prevent clotting. Platelet
tests were performed within 2 hours after blood collection. Platelet Counting and Measurement of
Mean Platelet Volume Blood samples were collected from patients into sodium
ethylenediaminetetraacetate (EDTA)-anticoagulated blood tubes. Platelet counts and mean
platelet volume (MPV) were obtained using the Beckman Coulter LH750 cell counter (Beckman
Coulter, Villepinte, France).

Platelet Aggregation Testing

Platelet aggregationwas tested in citrated platelet-rich plasma (PRP) using 1.2 mg/mL ristocetin
(Stago, Asnieres-sur-Seine, France), 5-uM adenosine diphosphate (ADP) (Sigma Aldrich Chimie,
Lyon, France), 1-mM arachidonic acid (AA; Nu Chek Prep, Elysian, MN), 25-uM thrombin
receptor activating peptide (TRAP; NeosystemSA, Strasbourg, France), 4-uMepinephrine
(Helena Laboratories, Beaumont, TX), and 2 pg/uL. Horm equine tendon collagen (Nycomed
Pharma, Unterschleibheim, Germany) in an APACT 4004 aggregometer (Elitech, Salon de
Provence, France) according to standard procedures15 and during 300 seconds of aggregation
test time. In the case of normal platelet counts, test results were compared with

reference values of 30 healthy controls. Alternatively, when patients had thrombocytopenia,
platelet aggregation testswere visually analyzed by hematology experts to confirm the presence
of an abnormal profile.

Platelet Adenosine Triphosphate Release

Blood was anticoagulated with 0.105-M citrate and PRP was obtained after centrifugation.
Platelet secretionwas recorded in real time at 37°C with stirring on a dual-channel Chrono- Log
aggregometer (Chronolog Corp, Haverton, PA). The agonists used were ADP 10 uM (Chronolog
Corp, Haverton, PA), collagen 2 ug/mL (Chronolog Corp, Haverton, PA), and TRAP-6 (Hart
Biologicals Ltd, Queens Meadow, Hartlepool, United Kingdom). Platelet secretion was
determined by measuring the release of adenosine triphosphate (ATP) using luciferin/



luciferase reagent (Kordia, Leiden, the Netherlands). Results were expressed as nmol of secreted
ATP. Results of patients with platelet count <100 _ 109/L in whole blood were not
considered.

Platelet Flow Cytometry

Surface expression of human platelet glycoprotein (GP) Ib, allbB3, and P-selectin were measured
in PRP using a platelet calibrator kit (Biocytex, Marseille, France), according to the
manufacturer’s instructions. Platelet dense granules were also evaluated using 1.7 pM of
mepacrine (Sigma Aldrich, St. Louis, MO) and/or CD63 antibody (granulophysin) (Beckman
Coulter, Villepinte, France) before and after activation with TRAP. Platelets were analyzed in a
Cytomics FC500 flow cytometer (Beckman Coulter, Villepinte, France) and results were
expressed as mean fluorescence intensity (MFI). Histograms were generated from
measurements of 10,000 cells and data analyzed using the CXP software (Beckman Coulter,
Villepinte, France).

Platelet Electron Microscopy

Standard EM for ultrastructural studies was performed for patients using venous blood taken in
anticoagulant citrate dextrose solution A (ACD-A) and PRP was then prepared. After incubation
at 37°C, platelets were fixed in 1.25% glutaraldehyde (Fluka, Buchs, Switzerland) in 0.1
Mphosphate buffer (pH 7.2) for 1 hour at roomtemperature. Sampleswerewashed and postfixed
in 4% osmic acid containing potassium ferrocyanide (Sigma-Aldrich, St. Louis,MO) for 1 hour at
roomtemperature. Following fixation, the samples were dehydrated using graded alcohols and
propylene oxide and then embedded in Epon (Taab Laboratories, Reading, United Kingdom).
Embedded samples were sectioned with an Ultracut E ultramicrotome (Reichert, Vienna,
Austria) and stained with uranyl acetate and lead citrate (Merck, Darmstadt, Germany). Specific
gridswere prepared for platelet whole-mount EM. PRP samples were harvested from
anticoagulated blood and centrifuged. The samples (5—10 pL) were spotted onto grids,

rapidly blotted, rinsed with distilled water, and air-dried. Results estimate the number of dense
granules contained in a total of 100 platelets.

Statistical Analysis

To account for variability in experimental conditions among measurements, control and patient
samples were handled in parallel when possible. Comparisons between patients and controls
were performed with the Mann—Whitney test as appropriate and p-values of <0.05 were
considered significant.

Results

Clinical Manifestations

A total of 16 patientswere included in the study (44%men and 56% women). »Table 1 presents
the clinical features of the 16 patients. In 69% (11/16) of patients, 6-SPD was considered as an
acquired disorder as it was discovered during adulthood (more than 40 years old) and as an
underlying primary cause was also present. In most of these cases (9/11; 82%), the

diagnosis was made in the context of amalignant hematological disorder. The type and severity
of bleeding were highly variable among patients. Indeed, the ISTH bleeding score (BS) ranged
from 1 to 8 with a median score of 5 (interquartile range [IQR] % 4—6). The bleeding
episodeswere either spontaneous or provoked (after trauma or surgery). For two patients, the
existence of the diseasewas revealedwhile theywere treated with vitamin K antagonists, which
presumably elevated their bleeding risk. Patients with mild bleedings had symptoms in the form
of petechiae, large ecchymosis, epistaxis, ormenorrhagia. Lastly,7/16 patients (44%) required
emergency care therapy to stop hemorrhage, confirming that bleedings can on occasion be
severe or life-threatening.

Biological Diagnosis



Platelet Count, Mean Platelet Volume, and Light Transmission Aggregometry Eight patients (50%)
were thrombocytopenic with platelet counts ranging from 50 to 147 _ 109/L (™ Table 2).
Thrombocytopenia in these patientswas present in the context of an underlying hematologic
disorder, while patients with congenital §-SPD had normal platelet counts. MPV were normal in
all but one case, suggesting that patientswith 8§-SPD mostly produce normal-sized platelets.
Results of platelet aggregation for each patient are shown in » Table 2. In all cases, platelet
aggregation tests showed moderate abnormalities in response to different agonists, with
variations from one patient to another. Platelet aggregations induced by ADP, collagen, and
arachidonic acid were frequently perturbed. Aggregation traces in response to ADP were also
variable among patients, sometimes showing preserved primary response but lack of secondary
wave. Due to the limited amount of PRP, tests were performed with epinephrine for 11 patients
and, in seven of them (64%), responses were severely impaired or absent.

Platelet Adenosine Triphosphate Release

As ATP is stored in 6-granules, a decrease in its release supports a diagnosis of dense bodies’
defect. ATP release was recorded bymeasuring the luminescence from the firefly luciferin—
luciferase reaction using three different agonists: 10-uM ADP, 2 ug/mL collagen, or 50-uM TRAP-
6. In all tested patients, ATP release was severely decreased or absent compared with reference
values, whichever the agonist used (P Fig. 1A). However, although this test can be used to screen
for a &-granules secretion defect or 6-SPD, it cannot differentiate between the two.

Mepacrine Uptake and Release

To confirmthat abnormal ATP releasewas due to 6-SPD rather than secretion defect alone, where
possible, mepacrine uptake and release were studied (n % 14). Mepacrine (quinacrine) is a
fluorescent marker that is rapidly taken up and localized in dense granules, thus reflecting the 6-
granules pool. Mepacrine uptake was reduced in patients as compared with controls (meanMFTI:
34 _1.2vs.6.6_1.6,p% 0.0001). However, some patients showed only a slight decrease of
mepacrine uptake, suggesting that in these cases, 6-SPD was linked to a reduction in the content
of dense granules rather than to their number. By contrast, mepacrine release after platelet
activation by TRAP was similar to controls (mean MFI: 1.4 _ 0.6 vs. 1.2 _ 0.6, p % 0.268), showing
that dense bodies were normally secreted after platelet stimulation (P Fig. 1B). CD63

Expression and Number of Dense Granules by Electron Microscopy

To confirm that results obtained using the mepacrine assay corresponded to a reduced 6-
granules number, CD63 expression and dense granules testing by whole mount were

studied. CD63 is a marker of §-granules that can be detected on platelet surface by
flowcytometry after agonist activation. Results of CD63 expression were available for 13 patients
(™ Table 3). In seven of them (54%), the expression was markedly reduced. However, results
confirmed that four patients (31%) showed only a slight decrease of CD63 expression. As dense
bodies are rich in calcium, they are inherently electron-opaque and can be easily counted by
EM.16 The mean ratio of dense granules measured by EM (40% _ SD % 29%) was also reduced
when compared with controls (100 _ 12%), but percentages were very variable among patients
(ranging from 0 to 106%) (™ Table 3). Although CD63 expression and dense granules by EM
were not completely correlated, three patients with a subnormal or normal amount of CD63 had
a similar profile by EM, confirming an abnormal dense granules content in these cases rather
than a reduction of their number (» Table 3).



Table 1 Patient clinical features
Abbreviations: ISTH, International Society on Thrombosis and Haemostasis; 6-SPD, 6-storage pool
disease.

Age at Causes of bleeding diathesis Treatment ISTH Comorbidities Others treatments
Patient Gender Age diagnosis 5-5PD score
SPD-1 F 5 1 Congenital Easy bruising None 2 Hermansky-Pud| syndrome

Severe epistaxis; easy bruising;
menorrhagia; bleeding from
SPD-2 F 25 24 Congenital minor wounds None 2 Hermansky-Pud| syndrome

Excessive bleedingafteran

SPD-3 F 46 5 Congenital ectopic pregnancy Desmopressin 4 factor VlLeiden
SPD-4 ™M 3 2 Congenital Posttraumatic knee hematoma  None 1
SPD-5 F 29 1 Congenital excessive bleedingafter None 5 Eczema
SPD-6 ™M 48 48 Acquired fatal cerebral hemorrhage  None 7 CMLeukemia Hydroxycarbamide
Hepatic te type 2
hematuria, epistaxis rial progression to
SPD-7 ™M 72 71 Acquired embolization 6 acute
Spontaneous bruising, lower
gastrointestinal bleeding
SPD-8 F 76 74 Acquired palatal petechiae None 4 (RAEB-1) Hydroxycarbamide
SPD-9 ™M 9% 94 Acquired leg hematoma None 3 Waldenstrom Darbepoetinalfa
flank associated with a cough
effort; excessive bleedings after Beta-blockers;
SPD-10 F 76 74 Acquired sinus surgeryand teeth Platelet transfus 7 Myelodysplastic syndrome antidepressant, anticholesterol
SPD-11 ™M 61 59 Acquired the flank nasal cauterizat| 5 Primary myelofobrosis
Spontaneous bruising; purpuric  red blood cell
eruption; oral hemorrhagic  transfusion
bullae; after
menorrhagia inthe past;  appendicectom
SPD-12 F 84 82 Acquired hemorrhage after salivarygland v Chronic ITP Hydroxychloroquine
radiofrequency ablationofa  after mechanical
kidney tumor; hematoma retroperitoneal heartvalve; congenital Epoetin alfa and vitamin
SPD-13 ™M 55 54 Acquired requiring hematoma 8 toxoplasmosis K antagonist
Frmary myeiouBUsTS;
Wound hematoma afteran mechanical
inguinal heart valve; congenital
SPD-14 ™M 69 69 Acquired lymph node biopsy none 2 toxoplasmosis vitamin K antagonist
Transtusion of
Epistaxis; gum bleeding; red
excessive blood cell,
SPD-15 F 46 44 Acquired bleedingafter skin excision  platelet, 6 Septic shock
Excessive bruises in exposed
areas; bleeding from minor
SPD-16 F 55 54 Acquired wounds none 5 Polycythemia vera

Assessment of Platelet Surface GP Expression and Activation

Measurement of platelet a-granules should be performed to rule out a deficiency that may be
associated with 6-SPD. P-selectin may be measured in stimulated platelets as a marker of a-
granule release. Moreover, to explore whether 6-SPD occurs in isolation or with additional
defects in platelet function, expression and activation of allbp3 and GPIb were

also evaluated. In the resting state, no difference was observed between patients and controls,
while after platelet activation, clearance of GPIb was significantly different between patients and
controls (P Fig. 2).

Ultrastructure of Platelets

To evaluate whether 6-SPD was associated with platelet structural abnormalities, EM was
performed, revealing no heterogeneity in platelet size and shape, but the presence of a distended
open canalicular system with vacuolated appearance. a-granules content was heterogeneous, as
some platelets were completely devoid of this organelle, but their mean number per platelet was
comparable to controls (P Fig. 3).



Different Types of 6-Storage Pool Disease and Correlation with Bleeding Severity

In our study, we identified three different types of 6-SPD, classified as (1) severe quantitative
defect (7/16; 44%), (2) partial quantitative defect (5/16; 31%), or (3) qualitative defect of dense
granules (4/16; 25%) (™ Fig. 4). Our aim was to investigate the relationship between bleeding
severity and the type of 6-SPD. However, no correlation was found between the ISTH BS and the
type of disease, perhaps due to the low number of patients in each group, given the rarity of the
disorder (» Fig. 5A). Moreover, there was no difference between the BS of congenital and
acquired cases (P Fig. 5B).

Table 2

Patie | count MP | ADP Risto | Coll | AA TRA | Epi Interpretation
nt \Y P
(>150G/ | (<10 | (>57%) | (>77 | (>73 | (>73 | (>74 | (>70
L) fl) %) %) %) %) %)

SPD- | 322 73 |66 |Rc|71% |42% |63% | 72% Moderate

1 % hypoaggregation
with all agonists

SPD- | 197 84 (82 |I 81% |31% |27% |74% |33% | Marked

2 % hypoaggregation
with coll, aa, epi

SPD- | 170 85 |71 || 78% | 45% |56% | 73% | 74% | Moderate

3 % hypoaggregation
with coll, aa

SPD- | 348 7.1 69% | 3% 97% | 40% | Marked

4 106% hypoaggregation
with aa, epi

SPD- | 216 89 [48 |R [ 68% |57% |62% |73% |5% Moderate

5 % hypoaggregation
with ADP coll aa
Absence with epi

SPD- | 147 72 |49 |R |65% |10% |62% | 58% hypoaggregation

6 % with all agonists
more specifically
with coll

SPD- | 50 95 |34 |R |45% |8% 2% 25% Marked

7 % hypoaggregation
with coll, aa

SPD- | 72 81 |45 |1 64% |23% |33% | 56% hypoaggregation

8 % with ADP coll, aa

SPD- | 173 81 |54 || 61% | 57% | 56% 51% | Moderate

9 % hypoaggregation
with all agonists

SPD- | 93 94 |52 |R |56% |20% |1% 11% | Marked

10 % hypoaggregation
with coll, aa, epi

SPD- | 156 11561 |D [80% |68% |63% |73% |2% Absence with epi

11 %

SPD- | 66 98 (25 |R |80% |10% |55% |80% |110% | Marked

12 % hypoaggregation
with ADP, coll




SPD- | 124 7.4 |40 62% |43% |58% | 56% Moderate

13 % hypoaggregation
with ADP,coll

SPD- | 121 8.4 |59 81% |64% |62% |6% 12% | Marked

14 % hypoaggregation
with trap, epi

SPD- | 169 82 |22 71% |51% |63% |59% |54% | Marked

15 % hypoaggregation
with ADP

SPD- | 141 8.1 62 67% 8% 51% 60% 4% Absence with Coll,

16 % epi

Abbreviations: ADP, adenosine diphosphate; 6-SPD, &-storage pool disease; TRAP, thrombin receptor

activating peptide.
aThreshold values derived from 30 healthy controls.

bPlatelet aggregation expressed as a percentage of maximal light transmission in response to 5-uM

ADP, 4-uM epinephrine, 2 ug/mL collagen, 1-mM

arachidonic acid (AA), 25-uM TRAP, or 1.2 mg/mlL ristocetin.

cR, reversible aggregation before 300 seconds; I: irreversible; D: double wave.

Table 3
Dense bodies

Patient Expression of assessed by WM
Type CD63a (%) (%) Type of d SPD
SPD-1 4 28 Severe quantitative defect
SPD-2 23 0 Severe quantitative defect
SPD-3 27 11 Severe quantitative defect
SPD-4 52 Partial quantitative defect
SPD-5 9 11 Severe quantitative defect
SPD-6 20 31 Severe quantitative defect
SPD-7 40 46 Severe quantitative defect
SPD-8 18 Severe quantitative defect
SPD-9 61 86 Qualitative defect
SPD-10 16 24 Severe quantitative defect
SPD-11 76 59 Qualitative defect
SPD-12 42 Partial quantitative defect
SPD-13 90 Severe quantitative defect
SPD-14 104 106 Qualitative defect
SPD-15 59 Partial quantitative defect
SPD-16 48 40 Partial quantitative defect




Figure 1
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Figure 1 (A) Platelet ATP release in response to 10-uM ADP, 2 ug/mL collagen (COL), or TRAP-6
showing profound decreased secretion in

patients (n % 11) compared with controls (n % 30). (B) Capture of mepacrine before (not stimulated)
and after platelet activation with TRAP

50 uM (n % 14 for patients and n % 12 for controls); _p < 0.05.
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Figure 2 Flow cytometry analysis of allbp3, GPlb, and P-selectin expression at basal state and after
activation (n % 12 for patients and n % 7 for
controls); _p <0.05.



Figure 3 : Platelet of 6-SPD patients (A, B, and C) in comparison with controls (D). Electron

microscopy of thin sections of platelets with larges
vacuoles (A), absence of a-granules (B), or with zones enriched in internal membranes (C).

A




Figure 4 Algorithm for diagnosis and classification of 6-SPD.
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Figure 5 Bleeding severity according to the type of 6-SPD (BS: bleeding score). There was no apparent
difference in BS between patients
expressing different levels of severity of 6-SPD (A), nor between acquired and congenital cases (B).

ISTH BS
8

Partial defect Severe defect Qualitative defect

B Congenital Acquired

Discussion

In this monocentric study, clinical and laboratory features of 16 patients diagnosed with 6-SPD
were evaluated. Our work confirms that patients suffering from dense granule deficiency
generally demonstrate mild to moderate bleeding diathesis.

5 Lowe et al investigated the utility of the ISTH-BAT in patients with suspected inherited platelet
function disorders, showing a median BS significantly higher (11; IQR % 8-16), whatever the
type of platelet defect, compared with healthy volunteers (0; IQR % 0-0). In our case series, the
median BS was only 5 (IQR % 4-6). However, age at onset of bleeding was very high as most of
the included patients had an acquired form of 6-SPD. This may have reduced the ISTHBATSscore,
due to fewer cumulative challenges imposed on the hemostatic system, such as surgery or
pregnancy. Nevertheless, some patients also presented with severe bleeding manifestations, a
finding that should be kept in mind when patients require invasive procedures. For patients
affected by severe bleeding manifestations, platelet transfusions are frequently needed, while
for mild to moderate bleeding, tranexamic acid or desmopressin was often sufficient.

When 6-SPD is acquired, the main clinical goal is to treat the cause of the condition and thus
treatmentmay vary based on the underlying primary condition. Indeed, one patient developed &-



SPD after a septic shock in our study, but the disease disappeared when the underlying condition
was treated. Inherited &-SPD is a very rare platelet disorder and most of the included patients
were diagnosed with concomitant various hematological pathologies. Although rare,
abnormalities in platelet-dense granules have been previously reported in patients with primary
myelofibrosis,17,18 chronic myeloid leukemia,17,19 myelodysplastic syndrome, 13,20-23 or
immune thrombocytopenia.24 The pathogenesis of the association with these disorders remains
unknown, but could result from a monoclonal alteration in the megakaryocyte cell lineage
leading to decreased formation of dense granules. Patients with gray platelet syndrome (GPS),
which is characterized by an isolated absence or a marked reduction of a-granules, generally
displayed a moderate macrothrombocytopenia. 25,26 In contrast, §-SPD is usually associated
with a normal platelet count. In our study, most patients showed thrombocytopenia, but this was
observed in the context of associated hematological disorders, thus suggesting that this feature
was probably acquired. However, as in GPS, we also observed some signs of
dysmegakaryopoiesis with abnormal open canalicular system and a-granules distribution,
whereas platelet size and shape were normal. Finally, these findings, observed in both
hereditary and acquired forms, suggest that dense-body defects might be associated with
abnormal platelet production. Surprisingly, these abnormalities were not observed in animal
models with 6-SPD, as no platelet ultrastructural alterations other than those involving dense
granules were detected.27 Typically, 6-SPD is associated with a lack of second wave of
aggregation in response to ADP or epinephrine, which is secondary to absent dense granule
release. Although our study confirms that 6-SPD is associated with a decreased aggregation
response to those agonists, platelet aggregation profiles were variable among patients.
Moreover, patients affected with §-SPD can have a normal pattern of platelet aggregation
response with those agonists, a finding that we also observed in our study.28 Therefore, the
definitive diagnosis of 6-SPD must be confirmed by specialized tests.

6-SPD may be due to a deficiency of the number of dense granules or to the content of the
organelle.29-32 The combination of specialized tests generally enables to distinguish between
the different subtypes of 6-SPD. In our study,most of the patients (12/16) had a partial or severe
quantitative defect, with a moderate decrease or a lack of dense granules, whereas 4 patients
had qualitative defects of dense granules, with a normal or subnormal number of the organelle
but a probable reduction of its content (P Fig. 4). Determination of the total platelet content of
both ADP and ATP using lysed platelet preparations could have confirmed this hypothesis.
Indeed, there are two nucleotide pools within the platelet: the metabolic pool and the dense
granular one, the latter comprising approximately 60% of the total content. The ratio of ATP to
ADP is of fundamental diagnostic importance as there are pronounced differences between the
relative concentrations in the two pools. Any storage defects are associated with a decrease in
the amount of ADP and an increased ratio of ATP to ADP.33 Nevertheless, this assay is delicate
and relatively difficult to realize, and unfortunately, our laboratory does not perform nucleotide
measurements. Specialized investigations must always be completed by measurement of platelet
a-granules to rule out a deficiency of both granules. In our patients, the mean a-granules content
per platelet was normal, although the distribution was very heterogeneous. Moreover, the
release of P-selectin after platelet stimulation by TRAP 50 uM was realized in 12 patients (other
patients were not tested due to insufficient sample quantity), confirming an absence of
decreased expression compared with controls. Surprisingly, a defective clearance of GPIb after
platelet stimulation was observed, indicating that impaired GPIb mobilization may represent an
additional feature involved in the platelet phenotype dysfunction. Nonetheless, whether down-
needs to be further clarified. The principal limitation of our study is based on the fact that
therewas a vast preponderance of secondary 6-SPD from mostly in the context of hematological
malignancies, while congenital cases were very rare, and this could have constituted a bias
analysis. The second limitation is that some of the tests might not be sufficiently specific. In
addition, the controls used were healthy people and not (say) people with myeloproliferative
disorders who have no bleeding symptoms, and perhaps that might have been a reasonable
alternate comparison. Finally, our results confirm that §-SPD is associated with (1) generally



mild symptoms of bleeding, but these may be sometimes severe; (2) awide variety of
pathologies; (3) a very heterogeneous platelet phenotype requiring different specialized tests;
and (4) the presence of platelet ultrastructural abnormalities relating mainly to the open
canalicular system and the distribution of a-granules.
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