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Increased prostacyclin levels inhibit the aggregation and activation of
platelets via the PI3K–AKT pathway in prolonged isolated
thrombocytopenia after allogeneic hematopoietic stem
cell transplantation
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Objectives: The aim of this studywas to investigate the role of prostacyclin (PGI2) in prolonged isolated thrombo-
cytopenia (PT) following allogeneic hematopoietic stem cell transplantation (allo-HSCT) and the effect of PGI2 on
the activation and aggregation of platelets in PT.
Methods:We enrolled 37 patients with PT and 36 controls following allo-HSCT in this study. Platelet aggregation
and activation and PGI2 levels were measured. Endothelial progenitor cells (EPCs) from either PT or control pa-
tients were cultured ex vivowith serum from either PT or control patients. PGI2 secretions were thenmeasured.
PGI2 was added to the platelets ex vivo, and platelet aggregation and activation and PI3K/Akt phosphorylation
were analyzed.
Results: A higher PGI2 level was observed in the PT patients. The activation and aggregation of platelets were sig-
nificantly lower in the PT patients. EPCs from PT patients cultured in PT serum secreted higher levels of PGI2, and
PGI2 inhibited platelet activation and aggregation in a concentration-dependent manner ex vivo. PI3K/Akt phos-
phorylation of plateletswas regulated by PGI2 after allo-HSCT. Disease status, serumPGI2 level and platelet aggre-
gation were independent risk factors in patients with PT after allo-HSCT.
Conclusions: Higher PGI2 levels and lower platelet activation and aggregation occurred simultaneously in PT pa-
tients. PGI2 inhibited platelet activation and aggregation, probably by regulating the phosphorylation of PI3K/Akt.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is an
effective treatment for malignant hematological diseases, whereas
prolonged isolated thrombocytopenia following allo-HSCT can dramat-
ically decrease patient survival [1]. It has been reported the incidence is
approximately 5–37% [1,2]. Prolonged isolated thrombocytopenia (PT)
is defined as a recovery of all peripheral blood cell lines aside from con-
sistently low platelet counts after transplantation for more than
3 months [3]. Kim et al. [4] has already proved that, in patients with
PT after allo-HSCT, the mortality rate related with thrombocytopenia

and the infection incidence are higher. PT contributes to an increased
risk of bleeding, and bleedingwas significantly associated with reduced
survival [5]. However, bleeding has also been associated with acquired
hepatic dysfunction and specific end-organ toxicities, such as hemor-
rhagic cystitis, diffuse alveolar hemorrhage, and graft versus host dis-
ease (GVHD)-associated gastrointestinal bleeding [6,7]. Among
patients undergoing HSCT, 15–24% experience clinically significant
bleeding complications [6,7]. It is well accepted that the main causes
of hemorrhage are thrombocytopenia, abnormal coagulation and injury
of endothelial cells [8–10].

However, the platelet activation and aggregation in PT following
allo-HSCT remain unknown. It has been investigated that patients
following allo-HSCT had wide damage to endothelial cells [8,11]. In
ex vivo experiments, endothelial progenitor cells (EPCs) could inhib-
it platelet activation and aggregation via the secretion of prostacy-
clin (PGI2), a well-known antiplatelet agent, by increasing the level
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of cAMP [12,13]. In light of the antiplatelet capability of PGI2, we
conducted the following study to explore the function of platelets
in PT.

We hypothesized that an increase in PGI2might contribute to the in-
hibition of platelet activation and aggregation.We found that PTwas as-
sociated with higher levels of PGI2 and lower platelet aggregation and
activation via the PI3K/AKT pathway. These results implied, for the
first time, that the regulation of platelet aggregation and activation
may be one of the characteristics of PT.

2. Patients and methods

2.1. Clinical definitions

PT was defined as a platelet count ≤100 × 109/L for more than
3 months after HSCT, with recovery of all the other cell counts and
no apparent cause for thrombocytopenia including engraftment fail-
ure, recurrence of the underlying malignancy, donor lymphocyte in-
fusion (DLI) or death [2,3,14,15]. Neutrophil engraftment after
transplantation was defined as an absolute neutrophil count (ANC)
in excess of 0.5 × 109/L for 3 consecutive days. The first of these 3
consecutive days was considered to be the day of engraftment. The
day of platelet engraftment was defined as the first day of 7 consec-
utive days in which the patient had a platelet count of N20 × 109/L
and did not receive a platelet transfusion [16,17]. Patients were cat-
egorized as “standard risk” if they were in their first or second com-
plete remission (CR1 or CR2) of acute leukemia (AL) without [t (9;
22) (q34; q11)], if they were in the chronic phase of chronic myeloid
leukemia (CML), or if they had other types of hematological malig-
nancies. Patients were classified as “high risk” if they had AL with [t
(9; 22) (q34; q11)] regardless of the disease stage, if they had AL in
its third complete remission (CR3) or greater, if they were in non-
remission regardless of cytogenetics, or if they had CML beyond the
first chronic phase [16,18]. Hematologic relapse was defined as the
reappearance of blasts in the blood or BM (N5%) or any extra medul-
lary site after complete remission in tests performed using common
morphological criteria. GVHD was classified based on published
criteria [19].

2.2. Patients and controls

The study protocol was approved by the Ethics Committee of Peking
University People's Hospital. Cases were identified from a cohort of 133
patients who underwent allo-HSCT between Nov 1, 2013, and Feb 28,
2014, at Peking University People's Hospital Institute of Hematology.
From these patients, 73 consecutive patients were enrolled in this
study. Thirty-seven patients were identified developed PT. They were
further divided into two groups according to platelet count of
50 × 109/L at the 3rdmonth after allo-HSCT, in which there were 14 pa-
tients with platelet counts less than 50 × 109/L and 23 with platelet
counts equal to or greater than 50 × 109/L. Thirty-six recipients without
PT were enrolled as controls. They were routinely tested before sam-
pling and confirmed complete donor chimerism status. All of the pa-
tients had samples obtained approximately 3 months after allo-HSCT
(median: +94 d, range: +82 d to +132 d). Patients were excluded if
they died, had disease recurrence or did not acquire cell engraftment
between the day after transplantation and the sampling day [16]. Clini-
cal characteristicswerematched between the study and control groups,
as shown in Table 1. All of the patients provided their written informed
consent.

2.3. Transplantation procedure and treatment

HLA-mismatched and unrelated matched HSCT patients received a
modified busulfan/cyclophosphamide (BU/CY) plus thymoglobulin
(ATG) regimen, which consisted of intravenous cytarabine (4 g/m2·d),

on d(−10) to d(−9), intravenous busulfan (3.2 mg/kg/d), on d(−8)
to d(−6), intravenous cyclophosphamide (1.8 g/m2·d), on d(−5) to
d(−4), oral Me-CCNU (250 mg/m2), on d(−3), and intravenous
antithymocyte globulin (ATG) (2.5 mg/kg/d; Sang Stat, Lyon, France)
on d(−5) to d(−2). Patients who received matched sibling transplan-
tations underwent a regimen that was identical to that of the HLA-
mismatched patients without ATG except they received oral
hydroxycarbamide (80 mg/kg), on d (−10), and a lower dose of
cytarabine (2 g/m2/d), on d (−9). All of the donors underwent granulo-
cyte colony-stimulating factor (G-CSF)-mobilizing treatment. The recip-
ients with sibling donors received bone marrow (BM) and peripheral
blood stem cells (PBSCs). Those with unrelated donors received only
PBSCs. Cyclosporine A, mycophenolatemofetil, and short-term metho-
trexatewere used for post-HSCTGVHDprophylaxis. After allo-HSCT, re-
combinant human G-CSF (rhG-CSF) was administered to HLA-
mismatched and unrelated matched allo-HSCT recipients at 5 μg/kg/d
from d (+6) until the neutrophil count reached 0.5 × 109/L for 3 con-
secutive days. rhG-CSF was not used after allo-HSCT with matched sib-
ling transplants [3,20,21].

2.4. Platelet aggregation

Platelet aggregation was evaluated as previously described [22]. Ag-
gregation was monitored by measuring light transmission with an
aggregometer (Chrono-log, Havertown, PA, USA). The washed platelets
were prepared by centrifugation (100 g, 10 min, 20 °C), adjusted to the
proper number (108/mL) and preincubated at 37 °C for 2 min with ei-
ther iloprost (a stable analog of prostaglandin, PGI2) or vehicle. Then,
they were stimulated with 10 μM adenosine diphosphate (ADP) plus
50 μM epinephrine. The mixture was further incubated for 5 min with
stirring of 1200 rpm.

Table 1
Clinical characteristic of the patients.

Characteristics Prolonged isolated
thrombocytopenia

P
value

Present (n
= 37)

Absent (n =
36)

Age, median (range) 34 (23–44) 31 (23–43) 0.604
Male (%) 19 (52.8%) 17 (47.2%) 0.724
Underlying disease
AML 18 (48.6%) 21 (58.3%) 0.311
ALL 7 (18.9%) 10 (27.8%)
MDS 6 (16.2%) 1 (2.8%)
CML 3 (8.1%) 1 (2.8%)
SAA 2 (5.4%) 0 (0.0%)
NHL 1 (2.7%) 3 (8.3%)
Donor type
Haplo-identical 29 (78.4%) 22 (61.1%) 0.186
HLA-matched
Sibling 7 (18.9%) 14 (38.9%)
Unrelated 1 (2.7%) 0 (0%)
ABO matched (%) 14 (37.8%) 12 (33.3%) 0.688
Transplanted total nucleated cell dose,
×108/kg, median (range)

7.1 (6.0–7.9) 7.2 (6.8–8.5) 0.257

Transplanted CD34+ cell dose, ×106/kg,
median (range)

2.0 (1.3–2.8) 2.4 (1.8–4.1) 0.708

Engraftment time
WBC 14 (11–16) 13 (11–15) 0.385
PLT 22 (13–34) 13 (11–17) 0.000
Complications
Acute GVHD 16 (43.2%) 20 (55.5%) 1.000
Extensive chronic GVHD 2 (5.4%) 1 (2.8%) 0.572
History of CMV infection 24 (64.9%) 12 (33.3%) 0.067

ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; MDS,
myelodysplastic syndrome; CML, chronic myelogenous leukemia; SAA, severe aplastic
anemia; WBC, white blood cell; PLT, platelet; GVHD, graft versus host disease; CMV,
cytomegalovirus.
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