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Microparticles for Diagnosis of Graft-Versus-Host
Disease After Allogeneic Stem Transplantation

Andreas Rank,"” Rienk Nieuwland,? Bettina Toth,” Verena Pihusch,* Ruth Delker,” Erhard Hiller,!
Hans-Jochem Kolb,® and Rudolf Pihusch*

Background. The differentiation between acute graft-versus-host disease (aGvHD) and infection is still a clinical
challenge in patients after allogeneic hematopoietic stem-cell transplantation (HSCT). Definitive diagnosis is based on
histologic findings, but a simple blood test for differentiation is missing.

Methods. In a prospective study, we measured the plasma levels of erythrocyte-derived microparticles (EryMP) in 19
recipients during HSCT. Microparticles were isolated by differential centrifugation, double stained for glycophorin A
(CD235) and annexin V, and analyzed by flow cytometry.

Results. Eight patients developed aGvHD (42%), 15 patients developed infectious complications (79%), and two
patients developed microangiopathic hemolytic anemia (11%). The levels of EryMP, as measured before conditioning
therapy (535X 10°/L in median), were not affected by total body irradiation, high-dose chemotherapy, or in vivo T-cell
depletion. EryMP levels were unaffected in uncomplicated patients during aplasia (522X 10%/L in median; P=0.394) or
after engraftment (480X 10°/L in median; P=0.594) and in patients with infectious complications or sepsis (586X 10°/L
in median; P=0.606). In contrast, in patients who developed aGvHD after HSCT, a 1.7-fold increase in the plasma levels
of EryMP was observed (880X 10°/L in median; P<0.001 compared with the time before therapy and P=0.015 com-
pared with patients with infections or sepsis).

Conclusion. Increased plasma levels of EryMP are present in patients who develop aGvHD but not in patients who
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develop infection or sepsis after HSCT. Therefore, EryMP are a potential, novel, blood marker that may be helpful in the
diagnosis of this common complication after HSCT.

Keywords: Hematopoietic stem-cell transplantation, Microparticles, Erythrocytes, Graft-versus-host disease,

Infection.

(Transplantation 2011;92: 244-250)

icroparticles (MP) are small membrane vesicles re-
leased from cells by budding as a result of activation or
apoptosis. In blood, nearly all MP originate from platelets,
erythrocytes, leukocytes, and endothelial cells (1). Their
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physiologic functions are mainly associated with inflamma-
tion, coagulation, and intercellular communication (2—4). In
various pathologic conditions, such as in venous thrombosis
(5), rheumatic disease (6), vasculitis (7), diabetes mellitus (8),
cerebral infarction (9), acute coronary syndrome (10), recur-
rent spontaneous abortion (11), breast cancer (12), athero-
sclerosis (13), or heparin-induced thrombocytopenia (14),
changes in the circulating numbers, cellular origin, composi-
tion, and function of MP have been observed.

In recent years, research has mainly focused on mea-
suring changes in the circulating levels of platelet- and
endothelial cell-derived MP. However, little is known
about erythrocyte-derived MP (EryMP), despite the fact
that erythrocytes are the main cell population in peripheral
blood. The release of MP from erythrocytes occurs during
normal erythrocyte maturation and aging (15, 16). Remark-
able in this context, however, is that patients suffering from
infections or even sepsis do not show significant changes in
the plasma levels of EryMP (17, 18). Only under a few special
conditions, increased levels of EryMP have been reported,
e.g., in plasma samples from patients with end-stage renal
failure (19) or sickle cell disease (20).

From a clinical point of view, it is still a challenge to
distinguish acute graft-versus-host disease (aGvHD) from in-
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fectious complications or sepsis. In both conditions, patients
suffer from similar symptoms and an easy blood test for dif-
ferentiation is missing. The aim of our investigations was to
explore the hypothesis whether patients suffering from one or
both of the two main complications during allogeneic hema-
topoietic stem-cell transplantation (HSCT) differ in their
plasma levels of EryMP. Therefore, in this prospective study,
we measured the plasma levels of circulating EryMP in pa-
tients before and during HSCT.

RESULTS

Study Population

Of the 19 HSCT patients, a total of 224 blood samples
were collected at various time points and analyzed: 20 analy-
ses were before and after chemotherapy with fludarabine/
amsacrine/cytarabine (FLAMSA), 38 before and after total
body irradiation (TBI), 20 analyses in patients treated with 4
Gy, 18 analyses in patients treated with 12 Gy and ones 19
after cyclophosphamide/antithymocyte globulin (ATG), and
147 after transplantation. Factors such as the patient’s age or
sex, diagnosis, stage of disease, stem-cell source, stem-cell do-
nor, GvHD prophylaxis, and treatment with antibiotics, an-
tiviral, or antifungal medication did not influence the results
(data not shown). Of the 19 patients, 15 developed infectious
complications (79%) early after transplantation, eight devel-
oped mild aGvHD (grade I or IT) (42%), and seven had severe
aGvHD (37%). During the observation period, two patients
developed miroangiopathy (MAHA) (10.5%) and no patient
had vene occlusive disease (VOD). The characteristics of the
investigated patients and their individual periods of compli-
cations are given in Table 1.

EryMP Levels During Conditioning Therapy

No infections were observed in any of the patients dur-
ing conditioning therapy. Compared with the plasma levels of
EryMP before the start of the conditioning therapy
(535X 10°/L [range, 391-737]), there was no apparent change
after high-dose chemotherapy (group A: 716X10°/L [557—
1079]; P=0.059), after TBI (519X10°%L [381-717];
P=0.314), or after treatment with ATG (607X 10°%/L [414—
1066]; P=0.191).

ExryMP Levels in Patients Without Complications
During HSCT

After stem-cell transplantation, the plasma levels of
EryMP in patients who did not develop complications were
unchanged compared with the values before initiation of
treatment (515X 10%L [315-776]; P=0.606, see also Fig. 1).
This was especially true for patients with aplasia (522X 10°/L
[308—810]; P=0.394) and after engraftment (480X<10%1
[390-671]; P=0.594). Mismatch of blood groups between
donor and recipient had no effect on EryMP levels during
aplasia or after engraftment.

ExryMP Levels Patients With Complications After
HSCT

EryMP levels in patients with infectious complication
or sepsis (586X 10°/L [376—822]) did not differ from those
found in patients with no complications (P=0.354). In con-
trast, patients suffering exclusively from aGvHD (880X 10°/L
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[560—1141]) had significantly higher levels of plasma EryMP
than patients without any complications (P<0.001) or pa-
tients with infection or sepsis (P=0.015). Furthermore, this
increase was more distinctive in patients with severe aGvHD
(1112X10°/L [769-1427]) than in patients with mild aGvHD
(842X 10°/L [544-942]). The highest levels of EryMP were
present in patients with aGvHD combined with MAHA
(1406 X 10°/L [468—1886]; P=0.018 compared with patients
without complications; P=0.033 compared with infection or
sepsis). These findings were independent of the application of
steroids or other immunosuppressive drugs such as cyclo-
sporine A, mycophenolate mofetil, or methotrexate (data not
shown).

Course of Red Blood Cell Counts During HSCT
Mean count of red blood cells was higher at the time
point before condition therapy compared with patients with-
out complications after HSCT (3.48 T/L [2.95-3.76] and 3.11
T/L [2.78-3.44], respectively; P=0.037). Lowest counts of
red blood cells were detected in patients who had infection or
sepsis (2.93 T/L [2.58-3.18])—with a significant difference
to counts before conditioning therapy (P<<0.001) and com-
pared with patients without complications (3.11 T/L [2.78—
3.44]; P=0.004). The mean count of red blood cells in
patients with mild aGvHD (3.20 T/L [3.03-3.48]) did not
differ compared with the time point before therapy and with
patients without complications, but it was higher than in pa-
tients with infections or sepsis (P<<0.001). In contrast, red
blood cell counts in patients suffering from severe aGvHD
(2.98 T/L [2.71-3.23]) did not differ from patients with in-
fection or sepsis (P=0.370), patients without complications
(P=0.383), or compared with the time point before condi-
tion therapy (P=0.080). Patients with MAHA showed higher
red blood cell counts (3.24 T/L [3.01-3.34]) compared with
patients who had infection or sepsis (P=0.007) but without a
significant difference to patients with aGvHD both mild
(P=0.945) or severe (P=0.088) or to patients without any
complications (P=0.332). Last, but not least, there was no
correlation between red blood cell count and the EryMP level.

DISCUSSION

In this study, we showed that the levels of EryMP were
unaffected by high-dose chemotherapy, TBI, and even infu-
sion of ATG for in vivo T-cell depletion during conditioning
therapy for allogeneic stem-cell transplantation. The plasma
levels of EryMP were also not influenced by the transplanta-
tion of stem cells itself. Furthermore, the median counts of
EryMP did not differ during aplasia or after engraftment from
the counts before treatment.

Of key interest to the current study were patients suf-
fering from complications of infection or aGvHD after
HSCT: we did not observe a change in the plasma levels of
EryMP in patients who suffered exclusively from infection or
sepsis. This finding is in line with earlier reports showing that
plasma samples from patients with meningococcal sepsis
contained increased numbers of MP from platelets and gran-
ulocytes but showed no changes in the levels of EryMP (17).
Even plasma samples from patients with septic shock showed
no increased levels of EryMP, whereas MP from endothelial
and most blood cells were increased (18). The reason for these
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TABLE 1. Characteristics of the patients included in the study
Mild Severe
Infection aGvHD aGvHD
(post- (post- (post-
Age Underlying Stem cell Conditioning GvHD HSCT) HSCT) HSCT) MAHA
g Sex (yr) disease source regimen prophylaxis (d) (d) (d) (d)
§_, 1 Female 63 S-acute myeloid BM/PBSC FLAMSA/4 Gy CyA/MTX — — — —
g leukemia
g 2 Male 57  Myelodysplastic PBSC FLAMSA/4 Gy CyA/MMF 6-16 14-34  35-55 —
z syndrome
% 3 Male 46  Chronic myeloid  PBSC FLAMSA/4 Gy CyA/MMF 2-24 17-22 23-56  32-56
5 leukemia (Ph+)
7 4 Female 30 Acutelymphatic BM 12 Gy/cyclophosphamide ~ CyA/MTX 11-16 — — —
z leukemia (Ph+)
g 5 Male 37  C-acute lymphatic BM 12 Gy/etoposide CyA/MTX 4-15 — — —
3 leukemia (Ph—)
< 6 Female 17 Pre-B-acute BM 12 Gy/etoposide CyA/MTX 6-22 — — —
2 lymphatic
% leukemia
Z 7 Female 63 Acute myeloid PBSC FLAMSA/4 Gy CyA/MMF 14-28 15-30  21-24 —
; leukemia M1
2 8 Male 37  Pre-B-acute PBSC 12 Gy/cyclophosphamide ~ CyA/MTX 6-20 — — —
g lymphatic
z leukemia
E.i 9 Female 38 Acute myeloid PBSC FLAMSA/4 Gy CyA/MMF 1-6 — — —
o leukemia M1
2 10 Female 43  Acute myeloid PBSC FLAMSA/4 Gy CyA/MMF 1-15 14-26  27-36 —
) leukemia M4eo
# 11 Female 58 Myelodysplastic PBSC FLAMSA/4 Gy CyA/MMF — 13-22 23-30 —
z syndrome RA
T 12 Male 20  C-acute lymphatic PBSC 12 Gyl/etoposide CyA/MTX 7-43 15-43 — —
% leukemia (Ph—)
¢ 13 Female 31 Acute myeloid PBSC FLAMSA/4 Gy CyA/MMF 8-22 14-20  21-60  54-60
leukemia M5a
14 Female 57  Acute myeloid BM/PBSC FLAMSA/4 Gy CyA/MTX 10-20 — — —
leukemia M2
15 Female 28 Chronic myeloid BM 12 Gy/cyclophosphamide ~ CyA/MTX — — — —
leukemia (Ph+)
16 Male 30  Acute myeloid BM 12 Gy/cyclophosphamide ~ CyA/MTX 8-15 — — —
leukemia M5a
17 Male 45  B-acute lymphatic BM 12 Gy/cyclophosphamide ~ CyA/MTX 5-22 — — —
leukemia (Ph+)
18 Male 33  Chronic myeloid BM 12 Gy/cyclophosphamide ~ CyA/MTX — 15-30 18-26 —
leukemia (Ph+)
19 Male 57  Acute myeloid PBSC FLAMSA/4 Gy CyA/MMF 1 — — —
leukemia M2

Conditioning regimens were given as follows: 12 Gy (total body irradiation 4 Gy for 3 days, dose rate 4.5 cGy/min) was combined with etoposide (60 mg/kg BW)

or cyclophosphamide (60 mg/kg BW for 2 days). FLAMSA (fludarabine 30 mg/m” for 4 days, cytarabine 2000 mg/m? for 4 days, amsacrine 100 mg/m? for 4 days) was
combined with 4 Gy (total body irradiation of 4 Gy for 1 day with a dose rate of 4.5 cGy/min) and intravenous cyclophosphamide (40 mg/kg BW for 2 days).

Stem cell source: BM, bone marrow; PBSC, peripheral blood stem cells. BM and PBSC (CD6 depleted) were combined in cases of haploidentical transplan-
tations from related donors.

GVvHD prophylaxis was given as described in the Materials and Methods section.

aGvHD, acute graft-versus-host disease; HSCT, hematopoietic stem-cell transplantation; MMF, mycophenolate mofetil; MTX, methotrexate; CyA, cyclo-
sporine A; BM, bone marrow; PBSC, peripheral blood stem cells.

congruent findings is probably connected to the cellular ori-
gin of EryMP. Erythrocytes are insensitive to activation by
proinflammatory mediators, but chemokine receptors on
their surface may act as a sink for mediators, e.g., interleukin

8 and other cytokines (21). In this context, erythrocytes are
important (negative) regulators of cytokine levels in plasma.

In contrast, we found increased plasma levels of EryMP
in patients suffering from mild and severe aGvHD. It is un-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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EryMP (X10%/) in patients before
therapy and after hematopoietic
stem-cell transplantation with or
without complications. Boxplots
mean interquartile range, black
line inside is median value. *P<0.05
compared with patients with no
complications. §P<0.05 compared
with patients with infection/sep-
sis. EryMP, erythrocyte-derived
microparticles; aGvHD, acute
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likely that these increases are related to transfusion of eryth-
rocyte units. Blood samples for our investigations were not
collected until 24 hr after blood unit transfusion to circum-
vent the problem that the observed increases in EryMP were
due to transfused EryMP present already in erythrocyte units
(22). Little is known about clearance of MP in vivo after trans-
fusion, but MP, derived from platelets and transfused to-
gether with thrombocytes, showed a half-time period of
approximately 5 hr in patients undergoing HSCT (23). Pos-
sibly, macrophages remove MP by phagocytosis because dis-
appearance of bacteria by macrophages shows similar kinetics
(24). No publications are available regarding the clearing
mechanism or half-time of MP from human erythrocytes.
Using a rat model, Willekens et al. (25) calculated an 80%
clearance of EryMP within 5 min by Kupffer cells in the liver.
We cannot exclude that increased EryMP levels in patients
with aGvHD are related to a downregulated clearance. In our
view, the increased levels of EryMP are mainly caused by a
marked storm of immune reactions during aGvHD (26). This
allogeneic immune reaction differs from the pathophysiology
of infection or sepsis because the main immune response in
aGVHD is believed to be cell based. T helper cells (type 1)
from the donor play a key role in development of aGvHD
(27). They become activated by host antigen-presenting cells
and, on their part, stimulate cytotoxic T lymphocytes. In the
end, cytotoxic T cells move to where the antigen was pre-
sented and attack the local tissue. Main target tissues are host
epithelial cells of the skin (28), hepatocytes and cells of intra-
hepatic bile ducts (29), and host microvasculature endothe-
lial cells in the gastrointestinal tract (30, 31). It is not clear
whether this cell-based immune response is associated with
changes in the plasma levels of EryMP. Interestingly, in-
creased levels of EryMP were also reported (32) in preeclamp-
tic women, suggesting that a comparable pathophysiologic
process may induce the release of EryMP, because of maternal
endothelial cell dysfunction resulting from the increased re-
lease of (haploidentical) fetal extravillous cytotrophoblasts
into the maternal spiral arterioles (33). The fact that MP
from endothelial cells are increased in pregnant women

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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infektion/sepsis mild aGvHD severe aGvHD

with preeclampsia and in transplanted patients with
aGvHD in our study suggests similar cellular immune re-
actions caused by haploidentical fetal cells and allogeneic
tissue, respectively (34).

Patients suffering from MAHA represented another
group of patients with increased EryMP levels in our study.
Unfortunately, all of these patients had simultaneously
aGvHD. Nevertheless, these patients showed the highest
counts of EryMP, although the patient numbers were too low
to reach statistical significance compared with patients with
aGvHD only. In our opinion, MAHA itself must have an ad-
ditional effect on the release of MP from erythrocytes in cir-
culation, most likely due to the activation and mechanical
destruction of erythrocytes. Thrombocytopenia and hemoly-
sis are similar clinical hallmarks for endothelial cell injury
(35). Hemolysis is mainly localized in the kidneys and be-
lieved to be caused by mechanical destruction of erythrocytes
in thrombotic, partially closed capillaries with rough-
surfaced walls. The exact pathomechanism of this transplant-
associated disorder has not been explained up to now,
but some evidence indicates that microangiopathy reflects a
special form of aGvHD in which the endothelium itself may
be the target of the activated donor immune system (36). In
our view, this would explain the marked endothelial cell dam-
age found in patients with MAHA, which is essential for he-
molysis and leads to the highest (mechanical) release of
EryMP. VOD is another serious complication after allogeneic
HSCT, but it was not observed in any investigated patient. So,
we cannot hypothesize whether and in which direction VOD
may have an impact of EryMP levels.

For interpretation of EryMP levels, it is additionally
helpful to look at individual changes of EryMP during HSCT
as every patient starts with an individual value of EryMP
count; the course of EryMP counts is exemplified in Figure 2
for patient 2 with an episode of pneumonia and aGvHD in
contrast to patient 1 without any complication.

We do not believe that the described changes of EryMP
levels can be explained with differences of red blood cell
counts because there was no positive or negative correlations
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between these two parameters. Compared with the time point
before condition therapy, all counts of red blood cells were
lower compared with time points during HSCT, which is due
to a generally strict transfusion policy in our transplantation
unit. Especially, patients with infections or sepsis were trans-
fused in a cautious way to avoid additional pulmonary failure;
this fact can define the really low values of red blood cells in
these patients.

Taken together, our current results show that during
HSCT high-dose chemotherapy, TBI, ATG, and infection or
even sepsis do not lead to significant changes in the plasma
levels of EryMP. Increased plasma levels of EryMP is exclu-
sively associated with aGvHD. This indicates that EryMP lev-
els may represent a potential diagnostic blood marker for
aGvHD after HSCT. Because of the relatively small number of
included patients, we believe it is worth to prove this hypoth-
esis in a future study powered especially for the difference of
infection versus aGvHD in patients after allogeneic HSCT.
Together with our results regarding to endothelial cell-
derived MPs (34), which also showed increased numbers in
the case of aGvHD but not in the case of infectious compli-
cations, and our observation of declining platelet-derived MP
during aGvHD (in contrast to infectious complication; 37) it
may be possible to create a score system of EryMP, EMP, and
platelet-derived MP to differentiate between the two main
complications in patients during and after HSCT.

MATERIALS AND METHODS
Study Population and Trial Design

Patients (n=19) receiving allogeneic hematopoietic stem-cell grafts were
included in this prospective analysis. Patients were admitted for a variety of
hematologic disorders at various stages of their diseases. Ten patients with
active myeloid disorder (group A) received high-dose FLAMSA — chemo-
therapy containing fludarabine (30 mg/m?* for 4 days), cytarabine (2000
mg/m? for 4 days), and amsacrine (100 mg/m? for 4 days). After a three-day
rest, this group started with a conditioning regimen containing 4 Gy TBI (4
Gy for 1 day; dose rate, 4.5 cGy/min) followed by cyclophosphamide/ATG.
The other nine patients started directly with a conditioning regimen con-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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taining 12 Gy TBI (4 Gy for 3 days; dose rate, 4.5 cGy/min) followed by
cyclophosphamide or etoposide/ATG (group B). In both patient groups,
cyclophosphamide was given at a dose of 60 mg/kg body weight (BW) for 2
days in the case of unrelated donors, 40 mg/kg BW for 2 days in the case of
human leukocyte antigen—identical donors, or 50 mg/kg BW for 4 days in the
case of haploidentical transplantation. Dependent on the donor, ATG (Fre-
senius) was dosed 20 mg/kg BW for 3 days (unrelated donor), 10 mg/kg BW
for 3 days (related donor, human leukocyte antigen identical), or 20 mg/kg
BW for 5 days (related donor, haploidentical). The details of patient charac-
teristics and conditioning regimens are provided in Table 1.

None of the patients had a bacterial, fungal, or viral infection within 2
months before the beginning of the conditioning therapy. All patients had a
central line (Hickman catheter) inserted before the start of the study. Patients
were observed from the beginning of conditioning therapy up to the time of
discharge from the hospital (scheduled to day 30, but no longer than day 50
after HSCT).

The Human Investigation Review Board of the Ludwig-Maximilians-
University Munich approved the study. In accordance with the rules of our
transplantation center, signed informed consent was obtained from all pa-
tients and the control group to allow the analysis of all clinical and laboratory
data mentioned in this article.

GvHD Prophylaxis

In our transplantation center, prophylaxis of GvHD consisted of cyclo-
sporine A (CyA) administered by continuous infusion from day — I until day
+28, beginning with 5 mg/kg on day — 1, followed by 3 mg/kg/d from day 5
until day +30 in every patient. In addition, immunosuppressive drugs were
administered depending on the stem-cell source: after bone marrow trans-
plantation a short course of intravenous methotrexate (15 mg/m* on day 1;
10 mg/m? on day 3 and 6 after HSCT) was applied, and after peripheral blood
stem-cell transplantation, patients received mycophenolic acid. Mycophe-
nolic acid was given daily at a dose of 4X7.5 mg/kg until day 30 after HSCT.

Engraftment
Engraftment was defined as the first day after stem-cell transplantation
when the neutrophil count increased above 0.5 G/L.

Acute Graft-Versus-Host Disease

aGvHD was graded according to the clinical and biochemical criteria de-
fined by Glucksberg et al. (38) and confirmed by biopsy in a minority of
patients. Grade I or II reflect mild forms of aGvHD and usually required no


http://www.transplantjournal.com

1971ZIMNZIDBPXZOBBAROATIAEIDYIASALLIAIPO0AEIEAHIOIN/AOAUMYTXOMADYOINX

OHISABZIYTCA+ePNIOITWNOTIZTARNHAOSHAIAYE AQ reusnofuejdsue/wod’ mm| sfeulnol//:dny woly papeojumod

¥202/1€/L0 uo

© 2011 Lippincott Williams & Wilkins

Rank et al. 249

107

FIGURE 3. Analysis of EryMP
by flow cytometry. (A) Total MP
were identified in R1 by their di-
mension in a dot plot of forward
scatter (x-axis) and side scatter (y-
axis) as described by Nieuwland et
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specific immune suppression. Patients with aGvHD grade III or grade IV
with severe aGvHD were treated with prednisolone (2-3 mg/kg/d) in first-
line therapy. Corticosteroid treatment was reduced (10% of dosage every 3
days) as soon as the progression of aGvHD stopped.

Infection

Infection was defined as the presence of fever more than 38.5°C together
with a clinical suspicion, or proven infection, irrespective of underlying mi-
croorganisms. Severe infection with positive microbiological results was clas-
sified as sepsis.

Microangiopathy (IMIAHA)

MAHA was defined as the simultaneous occurrence of intravascular he-
molysis characterized by the appearance of schistocytes in peripheral blood
smears and de novo thrombocytopenia. Only moderate or severe cases of
MAHA as defined by Holler were registered in our study, which in both cases
made therapeutic intervention necessary. Patients received fresh frozen
plasma or were treated by therapeutic plasmapheresis.

Erythrocyte Transfusion Policy

Patients received 2 units of erythrocytes if hemoglobin was below 8 g/dL.
Before transfusion, the concentrates were irradiated with 30 Gy. No patient
received an erythrocyte transfusion within 24 hr before blood sampling.

Blood Sampling and Assessments

Blood samples were taken from patients using a central vein catheter be-
fore therapy and during conditioning at fixed time points: after high-dose
chemotherapy (FLAMSA), after 4 Gy TBI, and after ATG in group A, and
accordingly after 12 Gy TBI and ATG in group B; after transplantation, blood
samples were taken twice a week until day 30, thereafter once a week if
patients developed complications and stayed at our transplantation unit. For
statistical analysis, time points were selected from patients with no compli-
cations and patients with aGvHD or infection or sepsis exclusively. The clin-
ical status of the patients, the medication, and defined laboratory parameters
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were documented at the time of blood sample collection. Blood samples were
centrifuged at 1550¢ for 20 min within 15 min after sampling and stabilized
in liquid nitrogen for 15 min. Samples were stored at —80°C until assayed.

Isolation of MP

Samples were defrosted carefully over a period of approximately 1 hr.
After centrifugation of 250 L plasma/endothelial cell culture supernatant at
18,890g for 30 min, 225 uL of plasma/supernatant was removed. MP were
resuspended after addition of 225 uL of citrate (0.32% trisodiumcitrate)
containing phosphate-buffered saline and centrifuged again for 30 min at
18,890g. After that, 225 uL of MP-free supernatant were removed. Seventy-
five microliters of a calcium-containing buffer was added, and the MP pellet
was resuspended. To identify EryMP, 5 uL of the MP suspension was incu-
bated with 5 uL of fluorescein isothiocyanate—labeled annexin V (IQ Prod-
ucts, Groningen, The Netherlands) and phycoerythrin-labeled anti-CD235a
(Clone JC159, DakoCytomation, Denmark) 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
wL of calcium (2.5 mmol/L) containing phosphate-buffered saline. The MP
were resuspended before flow cytometric analysis.

Flow Cytometric Analysis of MP

The samples were analyzed in a FACScan flow cytometer (Becton Dickin-
son, Heidelberg, Germany) running Cell Quest Software (Becton Dickinson,
San Jose, CA), which was calibrated daily using beads from Becton Dickin-
son. Forward scatter and sideward scatter were set at a logarithmic gain to
enable easy identification of EryMP based on characteristic forward scatter,
sideward scatter, and binding of both anti-CD235a and annexin V. Strategy
of EryMP identification is shown in Figure 3. All samples were analyzed for 1
min. The volume analyzed in 1 min (V; approximately 50—80 nL) was mea-
sured daily before analysis by taking the weight of a sample (distilled water)
before and after analysis. The number of MP per microliter of plasma was
determined by using the following formula: MP/L=NX(100 wnL/5
L)X (950 wL/V)X(10°/250 pnL) according to Berckmans et al. (39)
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(n=absolute number of MP determined by fluorescence-activated cell sort-
ing analysis; 100 wL=total volume of washed MP suspension; 5 uL=pellet
used for analysis; 950 nL=total volume before analysis [pellet + antibodies +
buffer[; 250 nL=original volume of the sample before isolation of MP).

Statistical Analysis

Results are reported as median (interquartile range), unless stated other-
wise. Independent variables were analyzed by the Mann-Whitney U test and
Fishers’s exact test; dependent variables were analyzed 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). All P values are
given as two-sided values, P less than 0.05 being regarded as significant.
Because of the exploratory nature of our analyses, no adjustment for multiple
testing was undertaken.
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