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Introduction

A wide variety of quantitative platelet disorders 
presenting with either thrombocytopenia or 
thrombocytosis in many distinct disease states 

may also be associated with qualitative platelet altera-
tions even after the normalization of platelet counts.1-4 

Clonal thrombocythemia (CT) of myeloproliferative 
diseases is usually associated with qualitative platelet 
abnormalities, sometimes leading to clinical thrombosis 
and/or bleeding.1,5,6 On the other hand, reactive thrombo-
cytosis (RT) is a relatively benign laboratory secondary 
abnormality, which is usually not associated with quali-
tative platelet defects.5,7-10 Immune thrombocytopenic 
purpura (ITP) is a unique form of thrombocytopenia 
with increased residual platelet procoagulant activi-
ty.2,3,5,7,11-17 However, thrombocytopenia of aplastic pancy-
topenia (AA) or infiltrative bone marrow disorders does 
not have such compensatory enhanced platelet function, 
which makes the patient more prone to bleeds.3,5,7,12,18-21 
Many cytokines, growth factors, hormones, proteins 
and molecules have been searched for the clarification 
of qualitative platelet alterations in quantitative plate-
let disorders,1-4,7,8,10,14,16,17,19,22-27 although the exact mecha-
nisms remained to be elucidated. 

Glycoprotein V is an important subunit of the platelet 
membrane glycoprotein Ib-V-IX receptor for von Will-
ebrand factor and thrombin. Glycoprotein V is cleaved 
from the platelet surface during activation by the throm-
bin.28-34 Thus, the molecule may serve as an in vivo 
marker of platelet activation in thrombotic states like 
other platelet activation markers.2,35-37 The aim of this 
study is to assess circulating plasma-soluble glycopro-
tein-V (sGPV) concentrations in distinct disease states 
of pathological thrombopoiesis. Patients with CT, RT, 
ITP or AA have been included to represent the subpopu-
lations of pathological platelet formation. The hypothe-
sis was that the sGPV reflects ongoing platelet activation 
during the complicated clinical course of those quantita-
tive platelet disorders. Elucidation of the importance of 
the glycoprotein-V system in pathological thrombopoie-
sis will not only help better understanding of those enig-
matic states but may also aid better vascular manage-
ment of the diseases associated with quantitative platelet 
abnormalities to prevent both bleeding and thrombosis.

Patients and Methods
The whole study group comprised 20 patients with 

thrombocytopenia, 32 patients with thrombocytosis and 
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Quantitative platelet disorders (i.e., thrombocytosis or 
thrombocytopenia) may also be associated with qualita-
tive platelet alterations. Clonal thrombocythemia (CT), 
reactive thrombocytosis (RT), immune thrombocytopenic 
purpura (ITP), and thrombocytopenia of aplastic pancyto-
penia (AA) or infiltrative bone marrow disorders represent 
the major classes of pathological thrombopoiesis. Glycopro-
tein V may serve as an in vivo marker of platelet activation 
in thrombotic and hemorrhagic states. The aim of this study 
was to assess circulating plasma soluble platelet glycopro-
tein V (sGPV) concentrations in distinct disease states of 
pathological thrombopoiesis. The whole study group com-
prised 20 patients with thrombocytopenia, 32 patients with 
thrombocytosis and 14 healthy adults as the control group. 
sGPV was significantly increased in the group of thrombocy-
tosis patients in comparison to the thrombocytopenic group 
and the healthy control groups. When sGPV levels were cor-
rected according to platelet number (sGPV/tr), this ratio 
was very high in patients with thrombocytopenia compared 
to patients with thrombocytosis and the control group. Our 
results suggest that there is an ongoing platelet activation 
associated with thrombocytosis regardless of its origin is 
either CT or RT. Therefore, glycoprotein V system may serve 
to activate residual platelets in thrombocytopenia regard-
less of its origin is either ITP or AA. 
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14 healthy adults as the control group. Patients with 
thrombocytopenia consisted of patients who are throm-
bocytopenic due to either accelerated peripheral platelet 
destruction [13 patients (five males and eight females, 
median age 30 years) with ITP], or impaired platelet 
production of aplastic bone marrow (AA) (five patients 
with clonal aplastic anemia, one with Fanconi aplastic 
anemia, one patient who received marrow suppressive 
chemotherapy for cervical carcinoma; comprising three 
males and four females, median age 58 years). Median 
platelet count in the ITP group was 27,000/mm3 (5,000– 
96000/mm3), whereas platelet counts were 22,000/mm3 
(11,000–86,000/mm3) in the AA group. The group with 
thrombocytosis consisted of patients with CT or RT. The 
group with CT included patients with chronic myelopro-
liferative diseases (10 patients with essential thrombo-
cythemia (ET), six with chronic myelogenous leukemia 
(CML), three with polycythemia vera (PV); compris-
ing eight males and 11 females; median age 56 years). 
Median platelet number in the CT group was 889,000/
mm3 (496,000–2,671,000/mm3). Patients with RT had a 
disease known to be associated with secondary throm-
bocytosis (four infection, four malignancy, four inflam-
matory disease, one iron deficiency anemia; compris-
ing five males and eight females; median age 39 years). 
Median platelet number in the RT group was 737,000/
mm3 (455,000–1,060,000 /mm3). The control group con-
sisted of 14 healthy adults (10 males and four females 
aged 45 years). Median platelet number of the healthy 
controls was 263,000/mm3 (169,000–3,980,000/mm3).

Fasting blood was collected from the large periph-
eral veins of the studied subjects without using a tour-
niquet. The first 2 mL of blood samples were discarded, 
then 4.5 ml of blood were taken into Diatube H tubes 
(Becton Dickinson, Plymouth, UK). sGPV levels were 
determined by the commercially available enzyme 
immunoassay (ELISA) method by using the Assera-
chrom Soluble GPV immunoassay (Diagnostica Stago, 
Asnières, France). The experiment was performed 

according to the suggestions of the manufacturer. Stan-
dards and samples were pipetted into the wells pre-
coated with the first monoclonal antibody specific for 
GPV. A second monoclonal antibody directed against 
another epitope of the sGPV, coupled with peroxidase 
was added after washing. Following the washing pro-
cess, a substrate solution was added, and the color devel-
oped in proportion to the amount of GPV bound in the 
initial step. The color development was stopped, and the 
intensity of the color was measured at the last step.

Results were expressed as median and interquartile (25–
75th percentile) range. Nonparametric tests were used to 
compare continuous values between groups (Mann-Whit-
ney or Kruskall-Wallis tests, depending on the number of 
groups). To calculate sGPV per thrombocyte, the level of 
sGPV was divided into the platelet count. All significant 
levels were set at 0.05. Computations have been run with 
the package program of SPSS v. 12.0 (SPSS Inc).

Results
Plasma levels of sGPV were significantly increased in 

the group of thrombocytosis patients in comparison to the 
thrombocytopenic group (p<0.0001) and the healthy con-
trol groups (p<0.0001) (Table 1). Although sGPV levels 
between the subtypes of thrombocytosis (p=0.012) patients 
were significantly different, sGPV levels between sub-
types of thrombocytopenia (p=0.913) patients were not dif-
fer significantly. When GPV levels were corrected accord-
ing to platelet number (sGPV/tr), this ratio was very high 
in patients with thrombocytopenia compared to patients 
with thrombocytosis (p<0.001) and the control group 
(p<0.001). sGPV/tr ratio was not significantly different 
between patients with thrombocytosis and the control group 
(p=0.057). sGPV/tr levels between the subtypes of throm-
bocytosis (p=0.842) and thrombocytopenia (p=0.877) 
patients did not differ significantly (Figures 1 and 2).

Discussion
In this study, peripheral circulating blood sGPV lev-

Table 1. Median (IQR) soluble platelet glycoprotein V (sGPV) in distinct disease states of pathological 
thrombopoiesis (clonal thrombocythemia, reactive thrombocytosis, aplastic thrombocytopenia, immune 
thrombocytopenia and healthy adults as controls)

Patients (n)	 sGPV (ng/ml)	 sGPV/Platelet
Thrombocytosis 

Clonal (19)	 209.0 (80.5–657.0)a,b	 0.21 (0.094–2.350)d

Reactive (13)	 127.0 (36.6–500.0)a,b	 0.19 (0.061–1.330)d

Total (32)	 158.8 (36.6–657.0)a,b	 0.20 (0.061–2.350)d

Thrombocytopenia
Aplasia (7)	 42.2 (28.6–75.2)c	 1.83 (0.220–4.70)e

Immune (13)	 40.4 (19.9–241.0)c	 1.43 (0.570–5.770)e

Total (20)	 41.2 (19.9–241.0)c	 1.49 (0.220–5.770)e

Healthy Controls
Control (14)	 81.8 (45.4–111.0)	 0.34 (0.193–0.441)

a: P<0.01 versus controls; b: P<0.01 versus thrombocytopenic patients; c: P<0.01 versus controls; d: P<0.01 versus thrombocytopenic 
patients; e: P<0.01 versus controls
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els were significantly higher in thrombocytosis in com-
parison to the thrombocytopenia and normal plate-
let counts (Figure 1). Glycoprotein V is a subunit of 
the GPIb-IX-V receptor for von Willebrand factor and 
thrombin and modulates platelet responses to the phys-
iological platelet agonists such as thrombin and colla-
gen. Agonist-induced platelet activation directly cleaves 
GPV from the platelet surface.38 Our results demonstrat-
ing the increments in the circulating sGPV suggest that 
there is an ongoing platelet activation associated with 
thrombocytosis regardless of whether its origin is either 
CT or RT. Platelet activation, vascular dysfunction and 
coagulopathy are the critical pathobiological events in 
the genesis of thrombotic and hemorrhagic vascular 
complications of thrombocytosis.1,6,39-41 Although sGPV 
concentrations tended to be more elevated in CT than 
RT, that difference failed to reach a statistically signifi-
cant level (Table 1). Bleeding and thrombosis in myelo-
proliferative disorders associated with platelet activa-
tion are common events; sometimes both are present 
in the same patient during the course of the disease.6,42 
The presence of circulating activated platelets, using 
simultaneous flow cytometry and aggregometric, was 
observed in myeloproliferative disorders, as well as the 

activation markers of endothelium and platelets.42,43 Gly-
coprotein V seems to precipitate platelet hyperfunction-
ing of thrombocythemia during the clinical course of 
distinct disorders.

Our results indicate that increments in platelet numbers 
are associated with increased sGPV concentrations and, 
thus, activated platelets. When GPV levels were corrected 
according to platelet number (sGPV/tr), this ratio was 
very high in patients with thrombocytopenia compared to 
patients with thrombocytosis and the control group (Fig-
ure 2). Therefore, the glycoprotein-V system may serve to 
activate residual platelets in thrombocytopenia regardless 
of whether its origin is ITP or AA. The probability of the 
occurrence and severity of bleeding complications differ 
significantly between individual patients with thrombo-
cytopenia. Residual platelet activation, vascular dysfunc-
tion, infection and concurrent coagulopathy are also the 
critical pathobiological events in the genesis hemorrhagic 
vascular complications of thrombocytopenia.

Platelet adhesion to an injured blood vessel wall is a 
critical initiating step in hemostasis mediated by a four-
member receptor complex (glycoprotein Ib/V/IX) inter-
acting with plasma von Willebrand factor. The func-
tion of the glycoprotein-V subunit plays a role within 

Figure 1. Soluble platelet glycoprotein V (sGPV) levels in distinct disease states of pathological 
thrombopoiesis (clonal thrombocythemia, reactive thrombocytosis, aplastic thrombocytopenia, immune 
thrombocytopenia and healthy adults as controls

CT: clonal thrombocythemia, RT: Reactive thrombocytosis, AA: Aplastic thrombocytopenia, ITP: Immune thrombocytopenia
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the GPIb receptor complex by enhancing Ib alpha sur-
face expression.44 According to the results of our present 
study, the glycoprotein-V system acts as a compensatory 
system for the activation of platelets in thrombocytope-
nic states. That activation may be useful for preventing 
bleeding in patients with thrombocytopenia of any origin. 
On the other hand, however, glycoprotein V functions as 
a pathological additional risk factor for thrombotic com-
plications in thrombocytosis. In vivo thrombin activity 
is extremely important in arterial occlusion. The glyco-
protein Ib-IX-V complex contains a high-affinity throm-
bin-binding site on the platelet surface with a defined 
role in platelet activation by the thrombin. Thrombin and 
glycoprotein V have important interactions. Platelet sur-
face expression of glycoprotein V is regulated by throm-
bin, thrombin receptor-activating peptide and a cyto-
skeletal-mediated redistribution of platelet surface GPV 
to the surface-connected canalicular system. Thrombin 
proteolyses platelet surface glycoprotein V. Platelet gly-
coprotein V also binds to collagen and participates in 
platelet adhesion and aggregation.32,34,45-50 Increments in 
the sGPV concentrations in thrombocytosis seem to be 
relating to pathological platelet activation of the disease 
course in association with receptor-ligand cross-talks. 
Further clinical and experimental studies are needed to 
determine complicated cross-talks of the platelet gly-
coprotein receptors and their ligands, especially for the 

better management of patients with pathological plate-
let formation.
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