
Bone Marrow Transplantation (2002) 30, 381–387
 2002 Nature Publishing Group All rights reserved 0268–3369/02 $25.00

www.nature.com/bmt

Platelet measurements

Flow cytometric findings in platelets of patients following allogeneic
hematopoietic stem cell transplantation
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Summary:

Following allogeneic hematopoietic stem cell transplan-
tation (HSCT) patients may have an increased bleeding
tendency in spite of a normal platelet count. Moreover,
an association between chronic graft-versus-host disease
(cGVHD) and a thrombophilic state has been observed.
Platelet receptors and granules from 27 patients follow-
ing HSCT (13 without cGVHD, 14 with cGVHD) were
evaluated by flow cytometric analysis and compared to
62 healthy controls. Platelets from HSCT patients
stained weakly with mepacrine indicating a reduced
content of dense bodies, whereas no significant degranu-
lation reaction of alpha granules and lysosomes was
detectable. In addition, a lower surface expression of GP
Ia/IIa was observed, indicating an acquired thrombocy-
topathy. The surface receptors are activated in HSCT
patients, which could be seen by the lower surface
expression of GP Ib internalized during the activation
process and elevated levels of LIBS-1 and PAC-1 anti-
body binding. Patients with cGVHD had a seven-fold
increased ratio of microparticles. This study demon-
strates platelet receptor and granule defects in patients
following HSCT. The key role of platelets in HSCT-
associated hemostatic disorders is underscored by the
high levels of circulating microparticles in cGvHD
patients which might explain the thrombophilic state in
these patients.
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Platelet function is strongly dependent on glycoproteins
(GPs) exposed on the surface of activated platelets.1–3 The
GP IIb/IIIa complex is the inducible fibrinogen receptor on
platelets and plays a central role in platelet aggregation.
This receptor has the capacity to shift through confor-
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mational changes from a low-affinity state to a ligand-com-
petent state on activated platelets, which can be detected
by PAC-1-antibody. Furthermore, fibrinogen binding to GP
IIb/IIIa itself modifies the conformation of this integrin,
exposing neoepitopes known as ligand-induced binding
sites (LIBS). The GP Ib/V/IX complex is the von Willeb-
rand factor (vWF) receptor responsible for adhesion of
platelets to a damaged vessel wall, whereas the glyco-
protein complex Ia/IIa (GP Ia/IIa) is a major collagen
receptor on platelets. The latter plays an important role in
platelet adhesion and activation following initial interaction
of the platelet with the vessel wall which is mediated by
vWF.4 During aggregation platelets degranulate and
express multiple granule-stored GPs on their surface that
mediate platelet interactions with other vascular cells
including leukocytes and the endothelium. Following inten-
sive activation, platelets liberate minute membrane vesicles.
These microparticles can be detected in the circulation and
induce a significant thrombosis risk by providing a large
phospholipid surface which serves as substrate for plas-
matic coagulation.5

A common clinical observation following hematopoietic
stem cell transplantation (HSCT) is an impaired bleeding
time in spite of a normal platelet count. On the other hand,
patients with chronic graft-versus-host disease (cGVHD)
have a 13-fold thrombosis risk in spite of thrombocyto-
penia.6

In this study, we evaluated changes in membrane GPs
on circulating platelets and the liberation of microparticles
in long-term survivors of allogeneic hematopoietic stem
cell transplantation and found profound changes which
could well explain the clinical observations.

Patients and methods

Patients

A random series of 27 patients which had undergone allog-
eneic hematopoietic stem cell (HSCT) transplantation
months ago were evaluated. Patients were regularly moni-
tored on an outpatient basis. Fourteen patients showed signs
of chronic GVHD (skin, liver, gut). Of the remaining 13
patients having no evidence of cGVHD, six patients were
thrombocytopenic due to a delayed platelet take. All
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patients were in complete remission from their underlying
disease and had a complete chimerism. None of the patients
had any bacterial, fungal or viral infections within 2 months
prior to the beginning of the study, nor did any have
implanted stents or a history of antirheumatic medication.
Platelet transfusions had not been given within the last 10
days. In addition, a control group of 62 healthy individuals
recruited from the medical staff was evaluated. The patient
and transplant characteristics are given in Table 1.

Laboratory parameters

Laboratory investigations included a routine platelet count
(H 6000 analyser, Coulter, Miami, FL, USA) and platelet
flow cytometry. Platelet flow cytometry is an in vitro tech-
nique which allows analysis of surface epitopes on platelets
with specific fluorochrome tagged antibodies.7 The method
used was based on that of the European Working Group
on Clinical Cell Analysis8 with additional in vitro
stimulation of platelets to gain information on the platelet
function.

Blood sampling and processing

Citrated blood was collected from the patients in 4.3 ml
Primavette S coagulation tubes (Kabe Labortechnik, Nuem-
brecht-Elsenroth, Germany). To avoid platelet activation by
shear stress during blood sampling, the blood was taken
from the cubital vein using a cuff pressure of 40 mmHg
with a 21 Gauge canule thoroughly avoiding negative
pressure in the tube. Immediately after sampling the blood
was processed in the cytometry laboratory. By addition of
warm phosphate-buffered saline (pH 7.4, 37ºC) the sample
was diluted to a platelet density of 10 g/l. After stan-
dardized incubation (5 min at 37ºC) with the specific,
fluorescein-tagged primary antibody and a phycoerythrin-
tagged CD41-antibody (P2, 5 �g/ml, Immunotech, Ham-
burg, Germany) for platelet identification, the reaction was

Table 1 Demographic and transplantation characteristics of the patients under study and controls

HSCT patients Controls

cGVHD No cGVHD

Total 14 13 62
Gender (male/female) 9/5 8/5 34/28
Age (median years (range)) 38 (26–48) 42 (27–60) 39 (24–62)
Diagnosis

Chronic myelogenous leukemia 6 6
Acute myelogenous leukemia 1 4
Acute lymphatic leukemia 2 1
Non-Hodgkin’s lymphoma 2 2
Myelodysplastic syndrome 2 0
Osteomyelofibrosis 1 0

Type of allogeneic transplantation
Related 5 7
Unrelated HLA identical 8 5
Unrelated HLA different 1 1

Time after HSCT (median weeks 123 (103–193) 84 (63–106)
( range))

If not stated otherwise, the numbers give cases.
HSCT = hematopoietic stem cell transplantation; cGVHD = chronic graft-versus-host disease.

stopped by adding 2 ml paraformaldehyde (2% solution,
pH 7.4) and the probe was scanned immediately in a FAC-
Scan flow cytometer (Becton Dickinson, Heidelberg,
Germany) equipped with a 15 mW argon ion laser. By elec-
tronic gating (see Figure 1), 30 000 CD41-positive single
platelets were acquired from each sample and analyzed
using CellQuest software (Becton Dickinson).

Specific antibodies and in vitro stimulation

Fluorescein-tagged antibodies against the following anti-
gens were used (all Immunotech, Hamburg, Germany):
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Figure 1 Flow cytometric dot plot demonstrating the gating technique.
CD41-PE negative events (R4 = debris, R5 = erythrocytes) and platelet
aggregates (R3) were electronically excluded. R2 represents the platelet
population, R1 the platelet microparticles. The border between micropar-
ticles and platelets was set at a FSC height of 10. To exclude a drift of the
FSC height, the cytometer was gauged daily by sized beads (see methods).
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CD42b (SZ2, 7.5 �g/ml), CD49 b (GI9, 4 �g/ml), CD62P
(CLB-Thromb/6, 5 �g/ml), CD63 (CLB-gran12, 5 �g/ml),
CD29 (Gi9, 10�g/ml). In addition, an antibody against a
neoepitope appearing after activation of the GP IIb/IIIa
receptor (PAC-1, clone SP-2; Becton Dickinson, 10 �g/ml)
and one against the ligand-induced binding site 1 (LIBS-
1), a neopepitope appearing after fibrinogen binding to the
GP IIb/IIIa receptor (anti LIBS-1 antibody; M Ginsberg,
Scripps Research Institute, La Jolla, CA, USA, dilution
1:10) were used. For measurement of platelet reactivity,
some samples were additionally stimulated with ADP
(CD62P: 8 �m, CD 63: 18 �m, anti-LIBS-1: 0.8 �m) for
10 min at 37ºC immediately before incubation with the
antibodies. The reaction was stopped immediately after
antibody staining by adding paraformaldehyde.

Mepacrine staining

Dense bodies were quantified by mepacrine staining (5 �m,
Sigma, Deisenhofen, Germany) for 30 min at 37ºC in the
dark. For identification of platelets, the tube additionally
contained the phycoerythrin-tagged CD41-antibody (P2, 5
�g/ml, Immunotech). At the end of the incubation time,
platelets were fixed with 2 ml paraformaldehyde (2% sol-
ution, pH 7.4) and immediately scanned in the flow cyto-
meter. For measurement of the degranulation reaction of
dense bodies, the sample was additionally incubated with
the hexapeptide thrombin receptor-activating peptide
(TRAP, 20 �m) for 10 min at 37ºC immediately before
mepacrine staining.

Microparticles

The CD41-positive microparticles were distinguished from
intact normal platelets on the basis of their size as decribed
by Abrams et al.9 To quantify and discriminate between
platelets and microparticles, the limit was set at the lower
border of the forward scatter profile of a normal platelet
population (see Figure 1), which is between the first and
second quartile of a four decade logarithmic forward scatter
scale. The number of the microparticles was expressed as
the percentage of particles below this limit to the total num-
ber of CD41-positive fluorescent particles counted (ie,
platelets plus microparticles).

Quality controls

The instrument settings were gauged daily by use of stan-
dard beads (Quantum 24, FCSC, Fishers, IN, USA). This
enables standardized results independent of a possible long-
term instrument drift and, except for the LIBS-1 antibody
and the mepacrine staining (arbitrary units (AU)), makes it
possible to express the fluorescence intensities in absolute
values (standard units: molecules of equivalent soluble
fluorochrome (MESF)). All data were collected using four-
decade logarithmic amplification. To calibrate size
measurement of microparticles, a daily calibration was
made by running fluorescent-labeled beads of known size
(Flow-Check; Coulter) and adjusting the gain such that the
1.0 �m beads fall at the beginning of the second decade
of a four-decade log forward-angle light scatter scale.

Bone Marrow Transplantation

Medication

The two HSCT groups were comparable with regard to
their medication: In the cGVHD group, seven (50%)
patients were on aciclovir medication (4 � 500 mg/day
orally), two (14.3%) on ketoconalzole (1 � 200 mg/day
orally), seven (50%) on cyclosporine A (oral dose adjusted
to plasma levels of 150 to 200 ng/ml), three (21.4%) on
mycophenolic acid (4 � 500 mg/day orally) and seven
(50%) on steroids (methylprednisolone 20–100 mg/day
orally). Of those patients without signs of GVHD, nine
(69.2%) were on aciclovir, four (30.8%) on ketoconazole,
six (46.2%) on cyclosporine A, five (38.5%) on mycophen-
olic acid and eight (61.5%) on steroids.

Statistical analyses

All analyses were performed with SPSS 10.0 for Windows
software (SPSS, Chicago, IL, USA). All results are
expressed as median values (range). Comparisons between
groups were done using the Mann–Whitney test and the
Kruskal–Wallis test. A P � 0.05 was considered statisti-
cally significant. All significant differences are given as
two-sided values.

Results

Platelet count

The platelet count was within the normal range in the con-
trol group, whereas transplanted patients with and without
cGVHD had a significantly lower platelet count (Table 2).

Platelet surface receptors

The surface expressions of the integrins CD29 (GP IIa) and
CD49b (GP Ia) were significantly lower in HSCT patients
with and without cGVHD as compared to controls, whereas
the integrin CD41 (GP IIb) was comparable in all groups
(Table 2, Figure 2). The surface expression of CD42b,
which is part of the Gp Ib/V/IX complex, was significantly
lowered in HSCT patients with and without cGVHD. The
LIBS-1 antigen and the antigen detected by the PAC-1 anti-
body, which are both neoepitopes appearing after activation
of the GP IIb/IIIa receptor, were elevated in all HSCT
patients when compared to the normal control group. After
platelet activation by ADP, LIBS-1 was expressed at a sig-
nificantly higher level in all HSCT patients in general when
compared to the control group. All platelet flow cytometric
results were independent of the platelet count and intake of
medication by the patient.

Platelet granules

CD62P (P-selectin), a marker of alpha granule degranu-
lation, was similar in all three groups, as was CD63 (GP 53)
surface density, a marker of degranulation of the lysosomes
(Table 2, Figure 3). Mepacrine staining intensity, which is
proportional to the number of dense bodies, is significantly
lowered in all HSCT patients when compared to the control
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Table 2 Density of platelet surface receptors and markers of platelet
degranulation as determined by flow cytometry

HSCT patients Controls

cGVHD no cGVHD

n 14 13 62
Platelet count (g/l) 161.5* 145.4* 266.0

43.0–241.0 25.0–251.0 150.0–324.0
Platelet receptors

CD 49b (GP Ia) 32.5* 33.0* 44.5
19.8–43.3 22.5–47.0 21.3–86.0

LIBS-1 [AU] 447.2* 441.8* 131.7
111.9–1176.7 42.9–1168.1 84.4–240.1

ADP 960.1* 859.1* 341.8
124.3–1910.7 312.4–1678.1 223.8–477.1

PAC-1 19.4+ 26.4* 16.6
11.2–47.6 20.0–41.3 7.6–30.5

Platelet granules
CD62P (P-Selectin) 11.9 13.4 12.0

8.6–14.3 9.6–15.3 7.4–16.0
ADP 37.1 57.3 46.0

6.0–66.7 24.8–114.3 16.3–100.7
CD63 (GP 53) 20.6 21.4 21.6

13.2–25.0 16.2–35.4 15.8–37.1
ADP 37.5 40.1 34.2

16.1–54.5 21.1–164.4 24.0–88.3
Mepacrine (AU) 47.2* 38.5* 67.0

22.6–64.5 25.9–48.1 33.8–230.1
TRAP 40.0* 35.6* 45.2

19.7–48.5 23.2–48.0 20.3–186.8

All values are medians (range) of MESF (molecules of equivalent soluble
fluorochrome), if not stated otherwise. AU = arbitrary fluorescence units;
ADP = result after stimulation with ADP; TRAP = result after stimulation
with thrombin receptor activating peptide; GP = glycoprotein; *signifi-
cantly different (P �0.05) with respect to the controls; +significantly dif-
ferent (P � 0.05) with respect to HSCT patients without cGVHD.
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Figure 2 Platelet surface receptor expression as determined by flow
cytometry in HSCT patients with and without chronic GVHD and controls.
For experimental details see Materials and methods. The data are given
as boxplots, which show the 1st and 3rd quartile, the median and the
minimum and maximum values of the fluorescence intensities. *Signifi-
cantly different (P � 0.05) with respect to the controls. AU = arbitrary
fluorescence units; MESF = molecules of equivalent soluble fluorochrome.
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Figure 3 Dense bodies (mepacrine staining) and alpha granule secretion
(surface expression of CD62 P) in patients under study and controls. For
experimental details see Materials and methods. The data are given as
boxplots, which show the 1st and 3rd quartile, the median and the mini-
mum and maximum values of the fluorescence intensities. *Significantly
different (P � 0.05) with respect to the controls. AU = arbitrary fluor-
escence units, MESF = molecules of equivalent soluble fluorochrome.

group. Accordingly, after stimulation with TRAP, the plate-
lets of all patients had a significantly lower content of dense
bodies than those of normal individuals.

Microparticles

Patients in the cGVHD group had a seven-fold increased
ratio of circulating microparticles over the normal baseline
value (Figure 4), whereas HSCT patients without cGVHD
had a normal ratio.

Discussion

In this study, flow cytometric parameters of circulating
platelets were evaluated in patients following hematopoietic
stem cell transplantation. Using whole blood flow cytome-
try for the minimal manipulation of platelets, the major
findings of this study can be summarized as follows: (1)
following HSCT loss of dense granules caused an acquired
storage pool disease. In addition, a reduced surface
expression of the major collagen receptor GP Ia/IIa was
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Figure 4 Percentage of the highly thrombogenic microparticles circulat-
ing in HSCT patients and controls. The boxplots show the 1st and 3rd
quartile, the median and the minimum and maximum values of the per-
centage of microparticles when compared to all CD41-positive events.
*Significantly different (P � 0.05) with respect to the controls.
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observed. (2) Platelets were activated in patients following
HSCT, but significant loss of alpha granules and lysosomes
was not detected. (3) In chronic GVHD an elevated level
of circulating microparticles was observed.

Hematopoietic stem cell transplantation (HSCT) is an
important treatment modality for hematologic disorders,
which may later eventually lead to an increased bleeding
tendency even under situations with normal platelet counts.
In our study, the platelets of patients following HSCT
showed a significantly reduced fluorescence after staining
with mepacrine, a probe which is specifically incorporated
into dense bodies. This implies a reduced content of dense
bodies present in the platelets of these patients. The granule
defect was restricted to dense bodies only, since upon in
vitro activation alpha granules and lysosomes degranulized
with a normal amount of P-selectin and gp 53. Dense bod-
ies are essential for primary hemostasis, as they contain
ADP, ATP, serotonin and divalent cations. They are formed
in the precursor megakaryocyte cell10 and the release of the
organelle contents upon platelet activation acts to amplify
the original stimulus. A defect of dense bodies, termed stor-
age pool deficiency, is usually inborn, but cases of an
acquired storage pool deficiency have been described in
end-stage renal failure,11 myeloproliferative disorders12,13

and chronic lymphatic leukemia.14 Our data indicate that
following allogeneic HSCT patients also have an acquired
storage pool deficiency.

Not only a defect in the content of dense bodies but also
a reduced surface expression of the GP Ia/IIa was found in
HSCT patients. The integrin receptor GP Ia/IIa is the major
collagen receptor. Especially at high shear rates it is
involved in the adhesion of platelets to various collagen
types,15 thus eventually leading to platelet fixation and acti-
vation. A reduced surface expression of this essential recep-
tor has been described in inborn platelet abnormalities16 and
in myelodysplastic syndromes17 and leads to an increased
bleeding risk. Therefore, the observed GP Ia/IIa deficiency
aggravates the bleeding tendency in HSCT patients.

The HSCT-associated storage pool disease and the GP
Ia/IIa deficiency were independent of the presence of
chronic GVHD, the platelet count and the intake of anti-
viral, antifungal and immunosuppressive medication. This
might be speculated to be the consequence of a pertubation
of platelet synthesis following allogeneic HSCT. In HSCT
patients, disturbances of the marrow microenvironment and
stromal cells have been described.18,19 However, their
influence on platelet production has not been studied so far.

Besides these findings indicating an increased bleeding
risk in HSCT patients, experimental evidence was found
suggesting an in vivo activation of platelets. Activation of
blood platelets by physiological stimuli induces inside-out
signalling resulting in a conformational change of the inte-
grin receptor GP IIb/IIIa on the platelet surface from an
inactive to an active state capable of binding soluble
fibrinogen. These neoepitopes are recognized by the PAC-
1 antibody. Furthermore, ligand binding to the receptor
initiates outside-in signalling and additional conformational
changes, thereby unraveling extracellular neoepitopes
termed ligand-induced binding sites (LIBS). One of these
LIBS is recognized by the anti-LIBS-1 monoclonal anti-
body used in this study. PAC-1 and LIBS-1 epitopes were

Bone Marrow Transplantation

detectable far more frequently on platelets from patients
following HSCT than in controls. Thus, circulating platelets
appeared preactivated following HSCT. In line with these
findings, circulating platelets of HSCT patients expressed
a reduced number of GP Ib. The GP Ib receptor, part of
the GP Ib/V/IX complex, is the major receptor for von-
Willebrand factor, which mediates platelet adhesion to the
damaged vessel wall.20 Following platelet activation, the
surface expression of the GP Ib/V/IX complex is
reduced,21,22 possibly due to internalization of the complex.

In addition, platelets from HSCT patients mobilized sig-
nificantly higher levels of the LIBS-1 epitope on their sur-
face after in vitro stimulation with ADP. As the total
amount of GP IIb/IIIa receptors was comparable between
controls and patients following HSCT, these patients have
an enhanced platelet reactivity to activating stimuli within
the circulation and may, therefore, express far more acti-
vated fibrinogen receptors than normal platelets. Fibrinogen
receptors are essential for platelet aggregation. However,
the mechanism by which platelet surface receptors are acti-
vated in HSCT patients remains unclear.

Interestingly, we found no evidence of increased lysoso-
mal or alpha granule secretion in vivo. Recently published
results from an animal model23 demonstrated that reinfused
thrombin-activated platelets expressing P-selectin con-
tinued to circulate and rapidly lost surface P-selectin. How-
ever, this effect, which may lead to an underestimation of
the degree of in vivo degranulation, does not explain our
findings. In addition to normal P-selectin surface
expression, our data also indicate a normal GP53 surface
expression and a normal degranulation reaction upon in
vitro stimulation with ADP. We conclude, that in contrast
to surface membrane receptors, the alpha granule and lyso-
somal axis was not preactivated in HSCT patients. This
may be explained by the fact that a higher intensity of plate-
let stimulation is needed for degranulation than for the acti-
vation of surface receptors. In line with this hypothesis, a
recent study found surface P-selectin to be an insensitive
marker of platelet activation.24

Chronic graft-versus-host disease remains the most com-
mon late complication of allogeneic stem cell transplan-
tation (SCT). Depending on the donor type,25 it occurs in
approximately 40–70% of patients following unmanipul-
ated transplants, and means substantial morbidity and mor-
tality for affected patients. A recent study from our group6

found a 13.1-fold elevated thrombosis risk in patients with
chronic GVHD, the reason for this distinctive thrombo-
philia remaining unclear.

The present study demonstrates a pronounced number of
circulating microparticles in the blood of patients with
chronic GVHD, but not in patients without chronic GVHD.
Microparticles are membrane vesicles shed from the outer
platelet membrane.26 They are highly thrombogenic27 as
they provide a large catalytic surface for the assembly of
procoagulant enzymes28,29 and activate other platelets.30

They have recently been associated with prothrombotic
conditions such as heparin-induced thrombocytopenia,5

thrombotic thrombocytopenic purpura,31 paroxysmal noc-
turnal haemoglobinuria32 and myocardial infarction.33 In
conclusion, the seven-fold increased percentage of
microparticles in the circulation of chronic GVHD patients
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causes a considerable thrombophilic risk which could
explain the thrombophilia of these patients.

Moreover, besides activating and amplifying the coagu-
lation cascade, microparticles produce proinflammatory
changes in the endothelium, lead to an increased expression
of adhesion molecules30 and have strong mitogenic effects
on smooth muscle cells independent of PDGF.34 As all
these effects are also characteristic findings in chronic
GVHD, the presence of microparticles might contribute sig-
nificantly to the severe structural damage in tissues affected
by chronic GVHD.

In patients with chronic GVHD, the observed throm-
bophilic state due to circulating microparticles and, at the
same time, the HSCT-associated platelet defect which is
attributed to an increased bleeding tendency, may seem
paradoxical. However, a disturbed platelet function mainly
impairs the formation of a primary hemostatic plug, which
plays a key role in immediate hemostasis, whereas the enor-
mous phospholipid surface provided by microparticles
mainly activates the plasmatic coagulation, which is known
to be of specific importance in the pathogenesis of throm-
bosis. Therefore, patients with cGVHD can very well have
a bleeding tendency and a thrombophilic state at the same
time, which is in accordance with clinical observations and
explained by the findings of our study.

In summary, the present study suggests that platelet dis-
turbances may explain the bleeding tendency found in
patients following HSCT and the thrombophilic state
observed in patients with chronic GVHD. Further studies
are needed to clarify the molecular mechanisms by which
platelet receptor expression, granule contents and gener-
ation of microparticles are altered in HSCT.
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