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Abstract: Increasing evidence suggests that circulating microparticles (MP)
exposing CD61 originate predominantly from megakaryocytes. Dramatic
changes in megakaryocytic homeostasis are regularly observed following
allogeneic hematopoietic stem cell transplantation (HSCT) and associated
with transplantation-associated complications. We studied MP plasma
levels prospectively in healthy subjects (n = 10) and allogeneic HSCT
recipients (n = 19) twice weekly from the start of conditioning therapy up
to day 30. A total of 224 measurement points were evaluated. MP were
isolated, double-stained with annexin V and anti-CD61, and analyzed by
flow cytometry. In uncomplicated HSCT, we found a correlation between
platelet and CD61-exposing MP count, which resulted in a constant ratio of
MP per platelet. The ratio was increased in patients with active hemato-
logical malignancies before transplantation and normalized during condi-
tioning therapy. After take, the MP ratio increased, whereas infections and
microangiopathic hemolytic anemia did not affect the ratio. In patients with
GvHD, a decreased MP ratio was observed depending on the grade of
GvHD, possibly indicating megakaryocytic damage. The MP ratio was able
to discriminate between toxic, septic, and GvHD-induced hyperbilirubin-
emia. We first describe CD61+ MP levels during allogeneic HSCT and
postulate that the MP ratio might be a useful biomarker for the surveillance
of megakaryocytes during HSCT.
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Microparticles (MP) are cell-derived membrane
vesicles shed off the surface of a broad variety of
cells such as platelets, erythrocytes, leukocytes, and
endothelial cells (1). Formation of MP is enhanced
by apoptosis and cell activation, and MP are
involved in various physiologic functions associ-
ated with inflammation and coagulation (2). The
levels of MP are elevated in a broad variety of

pathologic states such as venous thrombosis (3),
rheumatic disease (4), psoriasis (5), vasculitis (6),
diabetes mellitus (7), cerebral infarction (8), acute
coronary syndrome (9), recurrent spontancous
miscarriage (10), pre-eclampsia (11), breast cancer
(12) and heparin-induced thrombocytopenia (13).
Until recently, MP exposing CD61 were thought
to originate exclusively from platelets (platelet-derived
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microparticles; PMP). These PMP represent about
90% of the circulating MPs present in peripheral
blood. They are thrombogenic (14) by providing
a dedicated phospholipid surface with high num-
bers of binding sites for (activated) coagulation
factors (15-19). Aside from their role in coagula-
tion, PMP are involved in the transport and
transfer of bioactive molecules, cell activation,
and inflammatory processes (20-23). Recently,
several lines of evidence suggested that these
“platelet” MP may actually originate from
megakaryocytes, and only a tiny subpopulation
exposing activation markers like CD62P or CD63
are now thought to originate from activated
platelets (24, 25).

During allogeneic hematopoietic stem cell trans-
plantation (HSCT), pathological changes in
megakaryocytic and platelet homeostasis are com-
mon. Conditioning therapy irreversibly damages
thrombopoiesis in the transplant recipient. Com-
plications such as sinusoidal obstruction syndrome
(SOS), microangiopathic  hemolytic anemia
(MAHA), and GvHD are regularly accompanied
with severe thrombocytopenia (26, 27). To which
extent these phenomena are caused by megakary-
ocytic dysfunction and/or enhanced platelet con-
sumption, however, has not been elucidated so far.

In this prospective study, the CDG61-exposing
MP were analyzed in 19 hematopoietic stem cell
recipients during conditioning therapy, the post-
transplantation period, and early transplantation—
related complications.

Materials and methods
Study population and trial design

Between June 2004 and January 2005, 19 patients
receiving allogeneic hematopoietic stem cell grafts
were included in this analysis. Patients (age: 46 [23—
58]; nine men, 10 women) were admitted for a
variety of hematological disorders (three with
CML [chronic myelogenous leukemia], eight with
AML [acute myeloid leukemia], six with ALL
[acute lymphoblastic leukemia], two with MDS).
Eight patients received an HLA-identical stem cell
graft from a related donor and 11 from an
unrelated donor.

None of the patients had any bacterial, fungal,
or viral infections within two months prior to the
beginning and during the course of the study, nor
did any have implanted stents, a history of
antirheumatic medication, or an active promyelo-
cytic leukemia. All patients had a central line
(Hickman catheter) inserted at least one wk prior
to the start of the study. Patients were observed
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from the beginning of conditioning therapy up to
day 30 after transplantation.

A group of 10 healthy volunteers (age: 31 [26—
41]; five men, five women) recruited from the
medical staff (no smoking, no history of thrombo-
sis, no medication) served as control group.

The Human Investigation Review Board of the
Ludwig-Maximilians-University Munich approved
the study. Signed written informed consent was
obtained from all patients and the control group
allowing analysis of all clinical and laboratory data
mentioned in this paper.

Conditioning regimen

The patients received a high-dose chemotherapy
(FLAMSA; fludarabine [30 mg/m* for four d],
cytarabine [2.000 mg/m” for four d], and amsa-
crine [100 mg/m? for four d]) combined with TBI
(total body irradiation; 4 Gy for one d, dose rate
4.5 ¢cGy/min). In addition, all patients received
ATG Fresenius (Fresenius HemoCare Immune
Therapy GmbH, Grifelfing, Germany) as GvHD
prophylaxis administered intravenously at a dose
of 20 mg/kg for three d, combined with intrave-
nous cyclophosphamide (40 mg/kg BW for two d)
for immunosuppression.

Platelet count before therapy and platelet transfusion
policy

Transfusion of platelet concentrates (no HLA-
match) was routinely performed when the platelet
count was <20 G/L. These concentrates were
obtained from the peripheral blood of single
donors with a Trima™Accel® (Software 5.1; Car-
1dianBCT, Lakewood, CO, USA). Before transfu-
sion, the concentrates were irradiated with 30 Gy.
No patient received a platelet transfusion within
24 h before blood sampling.

GvHD prophylaxis

In allogeneic transplantation, prophylaxis of
GvHD was performed in 11 patients using a
combination of a short course of intravenous
MTX (methotrexate; 15 mg/m* on day 1 10 mg/
m” on days 3 and 6) and cyclosporine A (CyA).
CyA was administered by continuous infusion
from day —1 until day 28, beginning with 10 mg/
kg on day —1, followed by 5 mg/kg/d from day 0
until day 4, and 3 mg/kg/d from day 5 until day 28.
Eight patients received a combination of CyA and
mycophenolic acid (MPA). MPA was started at a
dose of 4 x 7.5 mg/kg on day 0 and discontinued
after day +30.
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Take was defined as the first day with a
neutrophil count above 0.5 G/L after aplasia.

Acute GvHD

Acute GvHD (aGvHD) was graded according to
the clinical and biochemical criteria defined by
Glucksberg et al. (28). Patients with aGvHD grade
II or more were treated with prednisolone (3 mg/
kg/d). Corticosteroid treatment was reduced (10%
of dosage every three d) as soon as the progression
of aGvHD stopped.

Infection was defined based on either the pres-
ence of fever >38.5°C, a clinically proven infec-
tion, or the clinical suspicion of infection,
irrespective of underlying microorganisms (fever).
Severe infection with positive microbiological
results was classified as sepsis.

Microangiopathy (MAHA) was defined as the
simultaneous occurrence of intravascular hemoly-
sis characterized by the appearance of schistocytes
in peripheral blood smears and de novo thrombo-
cytopenia. Only moderate or severe cases of
MAHA as defined by Holler etal. (26) were
registered in our study, which in all cases made
therapeutic intervention necessary, in the form of
application of fresh frozen plasma or therapeutic
plasmapheresis.

Blood sampling and processing

Blood was taken via a central vein catheter in the
morning immediately before/after the three condi-
tioning blocks (FLAMSA; TBI, ATG/Cy) and
then twice weekly during the aplastic period up to
one wk after neutrophil take. The clinical status of
the patients, the medication, and defined labora-
tory parameters were documented at the time of
blood sample collection. For MP analysis, platelet-
poor plasma was prepared within 15 min after
blood collection by centrifugation at 1550 g for
20 min. The plasma was snap-frozen in liquid
nitrogen for 15 min and stored at —80°C until
assayed.

Materials

Fluorescein isothiocyanate (FITC)-labeled annexin
V (IQP-120F), phycoerythrin (PE)-labeled annexin
V, 1gG1-PE, and IgGI-FITC were from Immuno
Quality Products (Groningen, Netherlands). Anti-
CD61-PE was purchased from BD Biosciences
(Heidelberg, Germany). All antibodies and annex-
in V were diluted with phosphate-buffered saline
(PBS; 154 mM NacCl, 1.4 mM phosphate, pH 7.4).
Final dilutions (v/v) were used for labeling of MP

Microparticles in hematopoietic transplantation

1:100 (annexin V-FITC, CD61-PE), 1:200 (annexin
V-PE).

Isolation of microparticles

Samples were defrosted carefully over the period of
approximately one h. After centrifugation of
250 pL plasma/endothelial cell culture supernatant
at 13 000 rpm (18 890 g) for 30 min, 225 uL of
plasma/supernatant was removed. MP were resus-
pended after addition of 225 pL of citrate (0.32%
trisodiumcitrate)-containing PBS and centrifuged
again for 30 min at 13 000 rpm. After that, 225 pL
of MP-free supernatant was removed. Seventy-five
microliters of a calcium-containing buffer was
added and the MP pellet was resuspended. To
identify MP, 5 pL of the MP suspension was
incubated with 5 uL of FITC-labeled annexin V
and PE-labeled anti-CD61 in the dark at room
temperature for 15 min. A citrate-containing buffer
was used as a negative control for binding of
annexin V. The staining reaction was stopped by
addition of 900 puL of calcium (2.5 mM)-contain-
ing PBS. The MP were resuspended before flow
cytometric analysis.

Flow cytometric analysis of microparticles

The samples were analyzed in a FACScan flow cy-
tometer (Becton Dickinson, Heidelberg, Germany)
running Cell Quest Software (Becton Dickinson,
San Jose, CA, USA), which was calibrated daily
using beads from Becton Dickinson. Forward
scatter (FSC) and sideward scatter (SSC) were set
at a logarithmic gain, and MP can then be easily
identified on characteristic FSC, SSC, and binding
of both anti-CD61 and annexin V. All samples
were analyzed for one min. The volume analyzed
in one min (V; approximately 50-80 puL) was
measured daily before analysis by taking the
weight of a sample (aqua dest) before and after
analysis. The number of MP/uL of plasma was
determined by using the following formula: MP/
L = Nx (100 pL/5 puL) x (950 pL/V) x (106/250
pL) according to Berckmans et al. (29). (N =
absolute number of MPs determined by FACS
analysis; 100 uL. = total volume of washed MP
suspension; 5 pL. = pellet used for analysis;
950 uL. = total volume before analysis [pellet +
antibodies + buffer]; 250 uL = original volume
of the sample before isolation of MP).

Statistical analysis

Results are reported as median (interquartile
range), except when stated otherwise. Independent
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variables were analyzed by the Mann—Whitney U-
test and Fisher’s exact test and dependent variables
by the Wilcoxon test. Statistical analysis was
performed with the Statistical Package for the
Social Sciences SPSS for Windows 17.0 (SPSS Inc.,
Chicago, IL, USA). All p-values are given as two-
sided values, a p-value below 0.05 being regarded
as significant. Because of the exploratory nature of
our analyses, no adjustment for multiple testing
was undertaken.

Results
Study population

In the 19 HSCT patients, a total of 224 measuring
points were evaluated. The patient’s age or gender,
diagnosis, stage of disease, stem cell source, donor
type, GVHD prophylaxis and treatment with anti-
biotics, antiviral or antifungal medication did not
influence the results (data not shown). During the
observation period, no patient relapsed.

During the course of the study, 15 patients
developed aGvHD (78.9%), four of them aGvHD
grade I, four grade II, five grade III, and two
grade IV. In addition, 15 patients suffered from
infectious complications (78.9%) early after trans-
plantation. During the observation period, two
patients developed MAHA (10.5%), both along
with aGvHD. None of the patients developed
SOS.

A total of 225 measuring points (in average 11.8
per patient) were evaluated, 77 during the condi-
tioning regimen, 78 during aplasia, and 70 after the
neutrophil take. In the 148 measurement points
after transplantation, 54 cases (36.4%) were with-
out any complication, 61 (41.2%) had isolated
aGvHD, and 33 (22.3%) isolated infection without
any other complication, respectively. All seven
cases (4.7%) with MAHA had GvHD in parallel,
which excluded an observation of the pure effect of
MAHA on the MP level.

MP ratio

In uncomplicated HSCT without evidence of active
disease and healthy persons, we found a linear
correlation between the platelet count and the
absolute levels of PMP, indicating a ratio of about
62 PMP per 1000 platelet (Fig. 1).

Patients before therapy

At the beginning of conditioning therapy, 11
(57.9%) patients had a platelet count below the
normal range of 150 G/L, which was because of
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Fig. 1. Linear correlation of the CD61 + MP and the platelet
count in uncomplicated hematopoietic stem cell transplanta-
tion (HSCT) without evidence of active disease (O) and healthy
persons ([J). In median, 62 MP per 1000 platelet can be found.
The line gives the linear regression slope + 95% confidence
interval. p < 0.001 both in the subgroup of HSCT patients
and in the pooled population. In the subgroup of healthy
persons, no correlation was found. MP, microparticles.

the underlying disease and not a consequence of
previous therapy. We found a linear correlation
between platelet count before the start of therapy
(as a surrogate parameter for disease activity) and
the MP ratio (Fig. 2).

Uncomplicated HSCT

As expected, platelet count dropped during the
conditioning regimen and rose again after take
(Fig. 3). The level of MP also declined during the
conditioning therapy to extremely low levels during
aplasia. The MP ratio was elevated before start of
the therapy, which then returned to the normal
range. Conditioning therapy as a whole lowered
the PMP ratio. During take, absolute MP level and
the ratio of MP per platelet increased.

Analysis of MP in blood samples during transplantation-
related complications

In aGvHD, we found a depression of the platelet
count, MP level, and the PMP ratio depending on
the grade of aGvHD (Fig. 4). Whereas all patients
with aGvHD grades 3 and 4 were on steroids, no
steroids were given to those patients with aGvHD
grade 1 or 2 during 18 of 44 (40.9%) weeks of
observation. Between both groups, we found no
difference between the platelet count (26.5 G/L
[15-44] vs. 23.5 G/L [16-35]; n.s.), the absolute
levels of CD61 + MP (1.57 G/L [1.01-3.94] vs.
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Fig. 2. Before hematopoietic stem cell transplantation, pa-
tients with a thrombocytopenia because of the underlying
disease have a higher PMP ratio than patients with a normal
platelet count. The line gives the linear regression
slope £ 95% confidence interval. p < 0.043. PMP, platelet-
derived microparticles.

1.58 G/L [1.20-3.86], n.s.), and the PMP ratio (62
[46-73] vs. 73 [53-81]; n.s.).

When compared with the control group, in the
seven observation weeks with MAHA, the platelet
count (18 G/L [14-35], p < 0.05) and the level of
MP (1.08 G/L [0.560-2.84], p < 0.05) were low-
ered significantly, whereas the MP ratio (0.057
[0.031-0.103]; n.s.) was comparable. However, all
patients with MAHA had GvHD in parallel, which
excluded an observation of the pure effect of
MAHA on the MP level.

Patients with infection (no other complication)
during aplasia had a low platelet count (no
infection: 19 G/L [14-29]; fever: 22 G/L [14-31];
sepsis: 18 G/L [15-23]; n.s.) and MP level (no
infection: 1.23 G/L [0.85-1.78]; fever: 1.31 [0.82—
1.81]; sepsis: 1.10 [0.95-1.38]; n.s.), which was not
influenced by the infection. The MP ratio was
within the normal range and independent from the
infection grade [no infection: 55 [41-70]; fever: 58
[45-66]; sepsis: 52 [44-63]; n.s.).

Patients with hyperbilirubinemia

To test the diagnostic usefulness of the MP level,
we selected all observation weeks with a bilirubin
level >5.0 mg/dL. At four time points, the clini-
cian identified the reason as toxic hepatopathy, at
11 GvHD of the liver was the cause, and at nine
septic hepatopathy. Whereas platelet count did not
differ between the three groups, both absolute MP
level and the MP ratio were able to discriminate
between toxic/septic and GvHD-induced hepatop-
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athy, as the MP level and the MP ratio were lower
in patients with GvHD (Fig. 5).

Discussion

In this study, the level of CD61-exposing MP was
evaluated as a marker for megakaryocytic function
in patients following allogeneic HSCT. The major
findings are that (1) in uncomplicated HSCT and
healthy persons a constant ratio between
CD61 + MP and platelets is observed (2). In
patients with active hematological malignancies,
the ratio of CD61 + MP per platelet was in-
creased, which returned to normal levels by con-
ditioning therapy (3). During the take, an increase
in the MP ratio was observed (4). In acute GvHD,
the ratio dropped, whereas infections did not
affect the MP ratio. In patients with hyperbiliru-
binemia, the MP ratio discriminated between toxic,
GvHD-induced and septic hepatopathy.

Megakaryocytes produce both platelets and
MPs (30), and these CD61-exposing MP have been
shown to circulate in plasma (24, 25). To which
extent the production of MP and platelets is
associated in vivo, however, has not been elucidated
so far. As patients during HSCT show a broad
range of the platelet count from normal levels to
extreme thrombocytopenia, we were able to dem-
onstrate a linear correlation between MP and
platelet production during the uncomplicated
course and in healthy persons, resulting in a
constant ratio of about 62 MP per 1000 platelets
in peripheral blood. During certain clinical situa-
tions, however, this balance seems to be disturbed,
which may provide novel insights into the patho-
genesis and facilitate the diagnosis of HSCT-
associated complications.

Our data show an elevated MP ratio in patients
with thrombocytopenia because of an active hema-
tological neoplasia. A correlation between cancer
and CD61 + MP levels has already been described
in patients with several types of solid tumors (31).
Recent studies have shown that patients with
cancer have higher levels of these MPs (32), which
might stimulate cancer cells and protect them by
fibrin formation. In patients with cancer, low
numbers of circulating MP were present that
stained with CD61 and cancer cell antigens,
indicating a fusion of platelets with tumor cells,
which may facilitate their binding to the vessel wall
(33). In addition, cancer cells may thereby obtain
lipids and membrane-specific proteins helping
them to escape immune surveillance (31).

Our data suggest a comparable phenomenon in
hematological malignancies. Leukemia cells might
stimulate megakaryocytes, which are directly
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Fig. 3. Patients with uncomplicated hematopoietic stem cell transplantation: Course of platelet count (A), CD61 + MP (B) and the
ratio between MP and platelet count (C). n = number of patients, *p < 0.05 to control. The gray area indicates the interquartile
range of the control group. In aplasia, the first week without complications was selected. After take, the first week without
complications was selected after neutrophil count exceeded 0.5 G/L. MP, microparticles.

situated in the microenvironment of the malig-
nancy, and take advantage of the fact that platelet-
derived MP bind to hematopoietic stem/progenitor
cells (34) and stimulate proliferation and survival
(35). An effect of platelet transfusion on the MP
level can be excluded, as all patients were over the
transfusion threshold. During conditioning ther-
apy, the elevated MP ratio returned to the normal
range. This may reflect a tapering of tumor activity
because of a direct antileukemic effects of the
intensive chemotherapy and irradiation, annihilat-
ing the former tumor-induced effects.

E238

During aplasia, one would expect a CD61 +
MP level and a ratio of near zero. Evidently, we
found a rather low MP level, but a MP ratio within
the normal range. We cannot completely exclude
that a low fraction of megakaryocytes survived
within the bone marrow. A dose between 3 and
5 Gy is thought to be the LD50 for human
hematopoietic stem cells (36). More differentiated
megakaryocytes, however, need higher doses and
disappear slower than stem cells. Indeed, three d
after lethal TBI, about 50% of the megakaryocytes
were shown to be still present within bone marrow
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Fig. 4. Patients with acute GVHD (no other complication): Course of platelet count (A), CD61 + MP (B) and the ratio between MP
and platelet count (C). Figure (D) shows the typical course of the MP ratio in a 57-yr-old patient with GVHD beginning on day 15.
°0—°III indicates the GVH grade. n = number of measurement points, *p < 0.05 to control. The gray area indicates the interquartile

range of the control group. MP, microparticles.

(37). In our view, however, persistent megakaryo-
cytes over the whole aplastic period of several
weeks are quite unlikely and this low fraction
would certainly not explain a normal MP ratio. As
during aplasia the patients depend on regular
platelet transfusions, these may have distorted
our results. Platelet concentrates contain not only
platelets, but also CD61 + MP (38), which may
normalize the MP ratio after transfusion.

During take, the MP levels and the ratio rise
again. Evidently, during take, initiation of platelet
production by donor megakaryocytes is overrun by
the higher production rate of PMP, possibly due to
differing production periods. As PMP stimulate

chemotaxis, adhesion, proliferation, and survival
of stem cells (33, 34), this might boost engraftment.
Indeed, Gawaz et al. (39) found a similar phenom-
enon in patients in the early stage of myocardial
infarction and explained this with an additional
release of PMP by megakaryocytes.
Administration of high-dose ATG commonly
causes a systemic inflammatory response syndrome
(SIRS) (40), similar to severe infections. Neither
therapy with ATG nor infections changed MP
production in the present study. However, the fact
that we observed a modest but insignificant
increase in the MP ratio in patients with septic
hepatopathy may indicate that inflammatory
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cytokines might rather stimulate MP production.
As the infections in our study were rather mild and
no case with severe septic shock or disseminated
intravascular coagulation occurred, however, we
cannot exclude a rising MP ratio in these cases.
We were able to demonstrate a low MP level
and ratio in acute GvHD. The effect strongly
depends on the GvHD grade, is independent of
steroid therapy, and may be the consequence of
direct effects on megakaryocytes. Anasetti et al.
(41) showed the presence of platelet autoantibod-
ies in patients with aGvHD because of the
immune deregulation. As megakaryocytes have a
similar plasma membrane as platelets, this auto-
immune effect might also extend to them. In
addition, a disruption of the marrow microenvi-
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ronment and stroma cells has been described (42,
43), which might be aggravated in high grades of
acute GVvHD. The perturbation of megakaryo-
cytes seems to cause not only a low MP produc-
tion, but also a defect platelet synthesis, which
might be linked: A HSCT-associated storage pool
disease and a GP Ia/lla deficiency have been
described to be common in patients following
HSCT (44). This platelet defect and the lowered
presence of hemostatically active PMP might
explain the 2.9-fold increased risk of hemorrhage
in aGvHD (45).

In our study, a lowered MP ratio was exclusively
observed in patients with GvHD. This might be
useful in the differential diagnosis of hyperbiliru-
binemia. The cause of hepatopathy in HSCT
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recipients is often ambiguous and may require
invasive and possibly harming methods to clarify
the cause. In our study, a discrimination was
possible between toxic/septic cause of hyperbiliru-
binemia and GvHD, as patients with toxic/septic
complications have a normal or even elevated MP
ratio. This observation certainly has to be evalu-
ated at a large scale in a collective of HSCT
patients including patients with SOS, a rare, but
life-threatening complication of transplantation,
which did not occur in our study.

Determination of microvesicles present in bio-
logic fluids using flow cytometry knows many
pitfalls and limitations. Results between laborato-
ries may vary quite much because of, for example,
differences in isolation techniques and sample
preparation. In addition, as van der Pol (46)
showed that vesicles smaller than 300 nm cannot
be reliably detected by flow cytometry based on
light scattering, we do not precisely know the
sensitivity of the flow cytometry to detect vesicles
based on fluorescence. Nevertheless, in a clinical
setting, this is at present the only instrument that
can be used in daily practice, but — at least in our
view — especially to compare the presence of
vesicles in various samples with each other in as
single institution rather than to characterize or
define these vesicles exactly.

In this study, we were able to demonstrate
changes in CD61-exposing MP levels during the
course of wuncomplicated HSCT and acute
GVvHD. In relation to the platelet synthesis, an
elevated MP production was observed in patients
with active hematological disease and during the
take, whereas during ATG application and
infections, the MP level was unaffected. A
lowered ratio was found only in acute GvHD,
possibly due to megakaryocytic damage. In
summary, the ratio of CD61 + MP per platelet
may be a clinically useful and non-invasive
marker for monitoring megakaryocytic function
following HSCT and may discriminate the cause
of hepatopathy.
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