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Tissue factor–bearing microparticles are a link between acute
promyelocytic leukemia cells and coagulation activation: a human
subject study
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Abstract
Acute promyelocytic leukemia (APL) cells constitutively express a large amount of tissue factor (TF) antigen, most of which is
present in the cytoplasm. Coagulopathy may persist after induction therapy. We evaluated the overall role of circulating micro-
particles (MPs) in coagulation activation in APL-associated coagulopathy before and during induction therapy. Eleven adult
patients with ≥World Health Organization’s (WHO) grade 2 bleeding events and 11 sex- and age-matched healthy controls were
selected. All patients received arsenic trioxide alone as induction therapy. MP-associated TF (MP-TF) activity and MP
procoagulant activity (MP-PCA) and 12 coagulation- and anticoagulation-associated indexes were measured before, during,
and after induction therapy. Correlation between MP-associated indexes and the other 12 indexes was analyzed in patients. The
MP-TF activity was negligible in controls, whereas it markedly increased in patients, dropped rapidly after treatment, and
returned to normal at the end of induction therapy. The MP-PCA was similar between patients and controls. The correlation
analysis revealed that TF-bearingMPs in patients mainly originated from APL cells. Partially differentiated APL cells could also
release TF-bearing MPs, and the higher the degree of APL cell differentiation, the lower the ability of APL cells to release TF-
bearing MPs. MP-TF was the main source of active TF in plasma and an important contributor for the coagulation activation in
APL-associated coagulopathy. It was MPs released by APL cells/partially differentiated APL cells that served as the vehicle to
transfer the large amount of TF to plasma to activate coagulation.
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Introduction

Catastrophic hemorrhage remains the leading cause of early
death in acute promyelocytic leukemia (APL) and is the major

cause of APL treatment failure. Remission induction therapy
with all-trans retinoic acid (ATRA) and/or arsenic trioxide
(ATO) has been accompanied by rapid resolution of clinical
bleeding, but elevated plasma levels of sensitive markers of
clotting activation may persist beyond the cessation of clinical
bleeding [1].

The pathophysiology of APL-associated coagulopathy is a
complex process and remains unclear in many aspects [2, 3]. It
is currently believed that primary hyperfibrinolysis is proba-
bly the most important mechanism behind the APL-associated
coagulopathy, which may be induced by abnormal expression
and/or activity of urokinase and tissue plasminogen activator
(uPA and tPA), their inhibitors plasminogen activator inhibi-
tor 1 (PAI-1) and plasminogen activator inhibitor 2 (PAI-2), or
their receptors such as urokinase plasminogen activator recep-
tor (u-PAR) and annexin II [4–6]. Another main mechanism
behind the disease is tissue factor (TF)–induced disseminated
intravascular coagulation (DIC) [7, 8]. Other factors include
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the endothelial activation and damage induced by proteases
and cytokines released by APL cells which convert the endo-
thelium to a procoagulant state [9–12]. Additionally, an inter-
esting mechanism involved in APL-associated coagulopathy
is ETosis, which, releasing extracellular chromatin into the
extracellular space, induces activation of coagulation,
hyperfibrinolysis, and endothelium damage [13]. More re-
cently, the podoplanin gene was found to be highly expressed
on APL cells leading to aberrant platelet binding, activation,
and aggregation [14].

A number of studies showed that APL cells constitutively
express a large amount of TF antigen [15–17], which is the
trigger of the extrinsic coagulation cascade. Most TF
expressed by APL cells is present in the cytoplasm [16] and
needs to be transferred to plasma to activate coagulation.
Because having innate phosphatidylserine (PS) procoagulant
activity and being capable of carrying active TF on its surface,
microparticle (MP) has been widely described in the setting of
thromboembolic diseases. Increased levels of TF-bearing mi-
croparticles have been described in patients with APL [18].
However, to our knowledge, only two studies have explored
the role of MPs in the pathogenesis of APL-associated coag-
ulopathy. In one study, relevant tests were performed only on
cell lines [19], while in the other study, only preliminary tests
were performed on circulating APL cells [20]. It remains un-
known how much roles MPs, especially TF-carrying MPs
(TF-MPs), play in coagulation activation in APL-associated
coagulopathy.

In this study, after detecting related coagulation parameters
and using the statistical method of correlation analysis, we
evaluated the overall role of circulating MPs in coagulation
activation in APL-associated coagulopathy before and during
induction therapy.

Materials and methods

Patients and controls

This is a prospective study on patients with APL-associated
coagulopathy who were admitted to our hospital between
June 2016 and May 2017. All patients were more than 18
years old; had ≥World Health Organization’s (WHO) grade
2 bleeding events [21] at the time of diagnosis; did not receive
any APL-related treatment prior to admission; and were treat-
ed with ATO alone as remission induction. Patients were ex-
cluded if they died during induction therapy.

Totally 11 patients were selected (10 with newly diag-
nosed APL and one in the first hematological relapse; 6
men and 5 women; median age 42 years, range 28 to 64
years). The diagnosis was confirmed by the presence of
t(15;17) and/or the PML/RARα fusion gene. The total dai-
ly dose of ATO (0.16 mg/kg/day for a maximum of 10

mg/day) was infused until visible leukemic blasts and
promyelocytes were eliminated from the bone marrow
and the blast and promyelocyte counts were no more than
5% of marrow mononuclear cells. For the management of
coagulopathy, fresh frozen plasma, platelet (PLT) concen-
trates, cryoprecipitate, or/and fibrinogen (FIB) were trans-
fused to replenish coagulation factors, maintain target
PLT counts >30×109/L, and target FIB levels >1.5 g/L.

Eleven sex- and age-matched healthy volunteers were se-
lected as controls. All healthy controls should have no liver
diseases, cardiovascular diseases, or diabetes and for at least 1
month have not taken antiplatelet agents, anticoagulants, and
non-steroidal anti-inflammatory drugs (NSAIDs) which could
affect the PLT function and coagulation.

The study protocol was reviewed and approved by the hos-
pital’s Medical Ethics Committee, and all patients and con-
trols gave written informed consent. This trial was registered
at www.clinicaltrials.gov as#NCT02991066.

Blood collection and processing

Fasting venous blood was collected from each patient at
time points of baseline (T0); days 7 (T1), 14 (T2), and
21 (T3) of ATO treatment; at the end of induction ther-
apy (EIT or T4); and 4 weeks after EIT (EIT+4w or T5).
At 2–3 of the 6 time points, blood samples were simul-
taneously drawn from the pair-matched healthy control.
The collected blood samples were mixed 9:1 (v/v) with
3.2% sodium citrate. An aliquot of 2 ml of blood sam-
ples collected at each time was directly sent to the clin-
ical laboratory for routine coagulation tests, and the re-
mainders were processed as follows within 1 h. Blood
samples were centrifuged for 15 min at 1500 × g, 20°C,
to obtain platelet-poor plasma and then centrifuged for
2 min at 13,000 × g, 20°C, to obtain platelet-free plasma
(PFP). The PFP was aliquoted and frozen at −80°C until
used.

To prepare normal human platelet-free plasma (NHP),
blood was collected from a healthy volunteer after informed
consent was obtained. The NHP was aliquoted and stored at
−80°C until used in the MP procoagulant activity (MP-PCA)
assay.

Routine coagulation tests

Using fresh blood samples, prothrombin time (PT), activated
partial thromboplastin time (APTT), FIB levels, FIB/fibrin
degradation product (FDP), D-dimer (DD), and anti-
thrombin 3 (AT3) activity level (all kits from Siemens,
Germany) were measured on a Sysmex CA7000 analyzer
(Sysmex, Japan).
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Enzyme-linked immunosorbent assay (ELISA)

All the ELISA tests were performed using frozen-thawed PFP.
The PFP samples were 6-fold diluted for measuring
thrombomodulin (TM) level and were 100-fold diluted for
detecting free tissue factor pathway inhibitor (TFPI) (both kits
from R&D Systems, USA). The PFP samples were directly
used to detect thrombin-antithrombin (TAT) (Dade Behring,
Germany) and TF antigen levels (R&D Systems, USA). The
experiments were done according to the manufacturer’s
instructions.

Isolation of plasma MPs

All deionized water used as solvent to prepare a solution in
MP-associated experiments was filtered through a 0.1-μm-
pore size filter (SLVV033RS, EMD Millipore, Billerica,
MA). Frozen-thawed PFP samples were diluted in
phosphate-buffered saline (PBS, pH 7.40) and centrifuged
for 90 min at 20,000 × g, 4°C. The MP pellets were then
washed once with PBS. The resultant MP pellets were used
for the following experiments.

Detection of MPs by laser scanning confocal
microscopy

MP suspensions were spotted on poly-L-lysine (Sigma,
USA)-coated glass slides overnight at 4°C. Glass slides were
washed three times with 50 μl of binding buffer. MPs were
simultaneously stained with CD142-AF488 (US Biological,
USA) and annexin V-Cy3 (Sigma, USA) in 50 μl of binding
buffer (Sigma, USA) for 20 min at room temperature in the
dark. Glass slides were washed three times with 50 μl of
binding buffer. Then, MPs were visualized using a Zeiss
LSM 510 Meta confocal microscope (Carl Zeiss, Germany).

Circulating MP-associated TF (MP-TF) activity assay

TheMP-TF activity was evaluated by TF-dependent FXa gen-
eration assay.MPs were isolated from stored PFP as described
above except that samples were washed with HBSA (137-mM
NaCl, 5.38-mM KCl, 5.55-mM glucose, 10-mM HEPES,
0.1% BSA, pH 7.50) instead of PBS. The MP-TF activity
was measured with a chromogenic assay that quantifies the
MP-TF-dependent FXa generation. The MP pellets were re-
suspended in HBSA by thoroughly vortexing. Fifty μl of MP
suspension pelleted from 100 μl of PFP was incubated with
8 μl of either a mouse against human CD142 monoclonal
antibody (anti-HTF1, final concentration, 10 μg/ml; BD,
USA) or an isotype-matched control antibody (mouse IgG;
BD, USA) for 20 min at 25°C. A previously described two-
stage chromogenic assay [22] was employed with the follow-
ing modifications: (1) 50-μl aliquots were incubated for 2 h

with 50 μl of mixture containing 10 μl of 50 nM FVIIa, 20 μl
of 750 nM FX, and 20 μl of 25 mM CaCl2; (2) absorbance
measurements were made every 20 s for 120 min after adding
25 μl of 25-mM EDTA and 25 μl of 4-mM chromogenic
substrate S-2765 (Chromogenix, Italy). To convert the slope
of resulting absorbance curve to the amount of FXa genera-
tion, a reference curve was prepared using purified human
FXa (all human coagulation factors purchased from Enzyme
Research Laboratories, USA). The amount of TF-dependent
FXa generation (nM), which represents the MP-TF activity,
was determined by subtracting the amount of FXa generated
in the presence of anti-HTF1 from the amount of FXa gener-
ated in the presence of the control antibody.

Circulating MP-PCA assay

The MP-PCA in the intrinsic coagulation system was mea-
sured by plasma recalcification time (RT) assay. Briefly,
50μl ofMP suspension pelleted from 50μl of PFP was mixed
with 30 μl of NHP at 37°C, and the assay was initiated by
adding 40 μl of 50-mM CaCl2 solution. Plasma fibrin poly-
merization was monitored by the change in turbidity at
405 nm (A405) every 20 s, for at least 1.5 h at 37°C using a
SpectraMax M5 microplate reader (Molecular Devices,
USA). RT was the time to the inflection point prior to the
turbidity increase.

MP-PCA inhibition assays with anti-TF antibody were also
performed. Forty-five μl of MP suspension pelleted from
50 μl of PFP was incubated with 5 μl of either anti-HTF1
(final concentration of 50 μg/ml; BD, USA) or an isotype-
matched control antibody (mouse IgG; BD, USA) for
20 min at 25°C. Then, the MP-PCA was measured.

Statistical analysis

For each healthy control, data were from two or three different
time points, and means were used to decrease within-group
variation. Data are presented as median (range). At each time
point, the difference in each index between the patients and
controls was analyzed using the Wilcoxon signed rank test. In
patients, relationships between indexes were analyzed by
Spearman’s correlation test on baseline data (T0 data) and
on all data from T0 to T5 (6T data), respectively. The corre-
lation coefficients (ρ) indicate the relative reliability and are
interpreted using the following criteria: ρ≥0.7 specifies a high
correlation, 0.7>ρ≥0.4 represents moderate correlation, and
ρ<0.4 is a low correlation.

The SPSS 19.0 software was used. A P value less than 0.05
was considered statistically significant except for the correla-
tion test on 6T data, where relationship between indexes also
included correlation between repeated measures, i.e., within-
individual association; thus a P value less than 0.01 was arbi-
trarily considered statistically significant.
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Results

Hemorrhagic manifestations and treatment effects in
patients

In 11 patients, mucocutaneous hemorrhage (100%), including
petechiae, ecchymoses, and bleeding gums, was the most fre-
quently observed hemorrhagic manifestation, and hemorrhage
at the trauma site (e.g., vein puncture site) was also common.
One patient presented with hematuria at diagnosis, three pa-
tients exhibited retinal hemorrhage or sclera hemorrhage, and
one patient showed a small amount of cerebral hemorrhage
during treatment. No thrombotic complications were noted in
any patient. In all patients, the hemorrhagic symptoms were
most severe in the first week of treatment and then obviously
improved; the hemorrhagic symptoms disappeared within the
first, second, third, and fourth week of treatment in four cases,
three cases, three cases, and one case, respectively. In one
patient, active bleeding had stopped within the first week of
treatment, whereas bleeding symptoms reappeared during the
third week.

The median duration of induction therapy in the 11 patients
was 30 days (24–35 days).

Coagulation profile in patients

The location of the coagulation parameters, tested in this
study, in coagulation-fibrinolysis pathways and the test results
are shown in Figs. 1 and 2. The white blood cell (WBC) count
was markedly reduced in 7 patients whereas notably increased

in 4 cases at admission (median, 2.04×109/L; range, 0.65–
68.99×109/L) with a median APL cell count of 0.37×109/L
(0–60.71×109/L). Upon ATO induction, the WBC count in-
creased, reaching a peak at T2 (significantly higher than nor-
mal level). Thereafter, the WBC count decreased rapidly,
reaching a minimum at EIT (significantly lower than normal
level), and was restored to normal only in some patients at
EIT+4w (Fig. 2a). The PLT count was remarkably reduced
at admission and gradually recovered with treatment,
returning to normal at EIT (Fig. 2b).

PT was significantly longer before and during treatment
(Fig. 2c), whereas APTT was not longer before treatment
and only slightly longer after treatment in patients than in
controls, with the longest time at T3 (P=0.013 vs. control,
Fig. 2d). Plasma FIB levels decreased significantly at admis-
sion (P=0.006 vs. control), returned to normal at T1, and
exceeded the levels in controls at T3 and EIT (P=0.037 and
0.016, respectively) (Fig. 2e). The plasma levels of DD, FDP,
and TAT in APL patients were dramatically increased at ad-
mission and notably decreased after treatment but remained
significantly higher than in controls at EIT, as shown in Fig.
2f, g, and h.

TAT is a sensitive marker of thrombin formation, and DD
levels reflect fibrinolysis, while FDP reflects not only fibrinolysis
but also fibrinogenolysis (Fig. 1). None of PT, APTT, DD, FDP,
and TAT levels returned to normal until EIT+4w. DD, FDP, and
TAT levels all improved rapidly after a week of treatment except
for PT, which almost did not improve during induction therapy.

Although plasma TAT levels in APL patients were signif-
icantly increased, AT3 levels showed no substantial decrease

Fig. 1 The profile of abnormal
activation of coagulation-
fibrinolysis pathways in acute
promyelocytic leukemia (APL)–
associated coagulopathy. Red in-
dicates extrinsic coagulation
pathway and relevant parameters
detected in this study; green indi-
cates intrinsic coagulation path-
way and relevant parameters de-
tected in this study; gray indicates
anticoagulant system and relevant
parameters detected in this study;
purple indicates fibrinolytic sys-
tem and relevant parameters de-
tected in this study. ↑ increased, ↓
decreased,↔ no change. It can be
seen that the extrinsic coagula-
tion, anticoagulant, and fibrino-
lytic systems are all activated ex-
cept the intrinsic coagulation
system
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before and during ATO induction (Fig. 2i). TM and TFPI
levels were abnormally increased in APL patients upon ad-
mission but were restored to normal at T2 and EIT, respec-
tively (Fig. 2j and k).

Compared with controls, PFP-TF levels in patients
(Fig. 2l) were abnormally elevated at admission and
T1 (P=0.008 and 0.016, respectively) and restored to
normal thereafter.

MP-TF activity was markedly increased in patients

TF-MPs were observed via laser scanning confocal microsco-
py. At T0 and T1, a large amount of TF-MPs was present in
the plasma of patients (Fig. 3a, b, c), while TF-MPs were
absent in the plasma of healthy controls.

The MP-TF activity assay (Fig. 3d) indicated that there
was negligible MP-TF activity in controls (0.117±0.105
nM). The MP-TF activity of APL patients was markedly
increased at admission (median, 2.08 nM; range, 0–24
nM, P=0.008 vs. control). Upon ATO induction, the
MP-TF ac t iv i ty dropped rap id ly bu t remained

significantly higher than that of controls at T1–T3
(P=0.012, 0.006, and 0.013, respectively) and returned
to normal at EIT (P>0.05 vs. control).

No significant changes were observed in MP-PCA in
the intrinsic coagulation system in patients

RT method was used to measure MP-PCA in the intrinsic
coagulation system. MP-RT did not significantly differ be-
tween patients and controls except at T3 (longer in patients
than in controls, P=0.011; Fig. 3e).

MP-PCA inhibition assays were performed with anti-
TF antibody in 5 patients with relatively high MP-TF
activity. The results showed that anti-TF antibody re-
markably prolonged the MP-plasma RT in patients,
and the effect was the most at T0 (P=0.043), followed
by T1 (P=0.043), and the effect was no longer obvious
thereafter. Anti-TF antibody had no effect on the MP-
plasma RT in healthy controls. It indicated that MP-TF
(active TF) also had an effect on MP-plasma RT.

Fig. 2 The changing trends in routine laboratory tests and plasma levels
of anticoagulants during induction therapy in patients with acute
promyelocytic leukemia, a white blood cell (WBC) count, b platelet
(PLT) count, c prothrombin time (PT), d activated partial thromboplastin
time (APTT), e fibrinogen (FIB), f D-dimer (DD), g FIB/fibrin degrada-
tion product (FDP), h thrombin-antithrombin (TAT), i anti-thrombin 3

(AT3), j thrombomodulin (TM), k tissue factor pathway inhibitor (TFPI),
l tissue factor (TF). Data plotted are the results from 11 patients and
matched healthy controls and are displayed as median with interquartile
range. The horizontal gray lines represent the normal reference ranges. *
denotes P<0.05 when compared with healthy controls
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Correlation analyses revealed that TF-MPs played a
key role in linking APL cells with coagulation
activation

Correlation betweenMP-associated indexes and other indexes
in patients was analyzed on the T0 and 6T data, respectively
(see supplementary Table S1). A significant correlation only
indicates that two indexes are correlated but does not mean
causality. But based on the information provided by Fig. 1,
causality was inferred between some of the significant corre-
lations. To visually show the relationship between indexes, we
extracted the significant correlations from the T0 and 6T data,
respectively, and assigned causality to some pairs of correlat-
ed indexes and then got the T0 and 6T MP regulatory net-
works (Fig. 4) associated with coagulation activation in APL-
associated coagulopathy.

In the T0 time point, MP-TF activity was highly positively
correlated with APL cell count (ρ=0.855, P=0.001), but not
with lymphocyte count and monocyte count (both P>0.05).
MP-TF activity was highly positively correlated with WBC

count at T1, T2, and T3 (ρ=0.714, P=0.047; ρ=0.709,
P=0.015; and ρ=0.764, P=0.006, respectively) and was not
correlated at T4 and T5.

In the T0 network, PT was moderately correlated with MP-
TF activity (ρ=0.656, P=0.028), suggesting that MP-TF was
an important contributor for the activation of the extrinsic
coagulation pathway in APL. TAT level was significantly
correlated with MP-TF activity (T0, ρ=0.645, P=0.032; 6T,
ρ=0.645, P<0.001, respectively), suggesting that MP-TF was
always an important contributor for thrombin formation be-
fore and during induction therapy. In the 6T network, DD and
FDP levels (ρ=0.597, P<0.001, and ρ=0.566, P<0.001, re-
spectively) were moderately correlated with MP-TF activity,
suggesting that MP-TF was an important contributor to fibri-
nolysis in APL. However, in the T0 network, DD/FDP level
was not correlated with MP-TF activity. This may be because
intense primary fibrinolytic activity at T0 masked the correla-
tions between DD/FDP and MP-TF activity.

TM level was significantly correlated with MP-TF activity
(T0, ρ=0.764, P=0.006; 6T, ρ=0.493, P<0.001), suggesting

Fig. 3 The changing trends in circulating microparticle (MP)-associated
tissue factor (TF) activity (MP-TF activity) andMP-procoagulant activity
(MP-PCA) during induction therapy in patients with acute promyelocytic
leukemia. a–c Representative confocal microscopy images of circulating
MPs obtained from patients before treatment. MPs were observed using
an oil objective (×100). The scale bar is 1 μm in size. a Circulating MPs
were captured using Cy3-labeled annexin V; b Circulating MPs were
detected using AF488-labeled anti-TF antibody; c the pictures of MPs
and TF were merged. d The MP-TF activity was measured with a chro-
mogenic assay that quantifies the MP-TF-dependent FXa generation. e

The MP-PCAwas measured with plasma recalcification time (RT) assay.
MP suspension pelleted from platelet-free plasma (PFP) was mixed with
normal human platelet-free plasma (NHP), and then plasma RT assay was
performed. The horizontal gray line represents the average value for the
negative controls where phosphate-buffered saline (PBS) was mixed with
NHP for the plasma RT assay. d, e Data plotted are the results from 11
patients and matched healthy controls and are displayed as median with
interquartile range. * denotes P<0.05 when compared with healthy
controls
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that MP-TF could promote the release of TM from endothelial
cells. In the 6T network, PLT count (ρ=−0.360, P=0.004),
FIB level (ρ=−0.363, P=0.004), and TFPI level (ρ=0.391,
P=0.002) were significantly correlated with MP-TF activity,
indicating that the MP-TF could promote the consumption of
platelets and FIB and the release of TFPI from endothelial
cells. But these correlations were not found in the T0 network.

In APL, MP-PCA was positively correlated with PFP-TF
levels (T0, ρ=0.733, P=0.010; 6T, ρ=0.337, P=0.006). PFP-
TF levels mainly reflect the levels of soluble TF in plasma,
most of which had no activity of initiating coagulation. It was

inferred that soluble TF could affect the PCA of MPs; its level
could have a direct or indirect effect on PS expression or
binding of coagulation factors to the surface of MPs. MP-
PCA was negatively correlated with FIB levels (T0,
ρ=−0.687, P=0.020; 6T, ρ=−0.581, P<0.001), whereas the
causal relationship could not be inferred.

Totally, it can be seen from Fig. 4 that MP-TF played far
greater roles than MP-PCA in coagulation activation in APL-
associated coagulopathy.

Discussion

In this study, we used a new research strategy to explore the
overall role of circulating MPs in coagulation activation in
APL-associated coagulopathy. First, we tested MP-
associated indexes and as many coagulation- and
anticoagulation-associated indexes as possible in patients.
Then, we analyzed correlations between the two types of in-
dexes. Finally, based on these results and background knowl-
edge on coagulation-fibrinolysis pathways, we constructed
MP regulatory networks associated with coagulation activa-
tion in APL-related coagulopathy. The regulatory relation-
ships among some indexes are seldom shown up in healthy
controls due to the small variations in these indexes, whereas
in specific diseases or during specific therapeutic processes,
significant changes occurred in specific indexes. Then,
disease- or therapeutic process–specific regulatory relation-
ships can be displayed due to the increased variation in these

�Fig. 4 Microparticle (MP)-associated regulatory networks linked to acute
promyelocytic leukemia (APL)-associated coagulopathy. MP-associated
indexes, including MP-procoagulant activity (MP-PCA) and MP-
associated tissue factor activi ty and 12 coagulation- and
anticoagulation-associated indexes were tested before (T0), during (4
time points), and after (one time point) induction therapy in patients with
APL. Correlation between two kinds of indexes was analyzed in patients
on the T0 and 6T (all time points) data, respectively. Then causality
between significant correlations was inferred based on the information
provided by Fig. 1. Significant correlations were extracted, and inferred
causality was assigned to them; then the MP regulatory networks were
constructed, named network T0 (A) and network 6T (B), respectively.
The T0 network reveals regulatory relationships that are more directly
related to the occurrence of disease, while the 6T network could reveal
some regulatory relationships that are not apparent in the T0 network
because at T0; evident changes occurred in both coagulation and
anticoagulation systems. Simultaneous changes in numerous influencing
factors may mask some correlations between indexes. In the T0 data, a P
value less than 0.05 was considered statistically significant. In the 6T
data, relationship between indexes also included correlation between re-
peated measures, i.e., within-individual association; thus a P value less
than 0.01 was arbitrarily considered statistically significant. Figures were
produced using Cytoscape 3.6.1; boxes indicate MP-associated indexes;
circles indicate coagulation- and anticoagulation-associated indexes; sol-
id lines indicate positive correlations; dotted lines indicate negative cor-
relations, and single-headed arrows indicate causality
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specific indexes. For studying the role of circulating MPs
before and during induction therapy, analysis of correlation
between indexes was performed on both the T0 and 6T data
sets. The T0 network could reveal regulatory relationships that
were more directly related to the occurrence of disease, while
the 6T network could reveal some regulatory relationships
during induction therapy.

Totally 12 coagulation- and anticoagulation-associated in-
dexes, involving blood cell counts, routine coagulation tests,
and plasma levels of natural anticoagulants (Fig. 1), were
monitored in APL patients before, during, and after ATO in-
duction treatment. Consistent with obvious bleeding manifes-
tations, large amounts of thrombin were generated (as shown
by TAT levels) via the extrinsic pathway (PT was prolonged
whereas APTT was not) in patients upon admission (Fig. 1);
after treatment, the clinical bleeding resolved quickly coinci-
dent with a rapid decrease in thrombin formation in patients;
but there is still generated a small amount of thrombin at EIT.
Patients were in persistent hypocoagulable state (PT prolon-
gation) throughout the course of treatment, which did not
match with the changes in severity of clinical bleeding and
in level of coagulation activation (shown by TAT level) dur-
ing induction therapy. Coagulation factor activities were also
measured in patients (data are not shown), and the results
indicated that the changing trend in PT was highly consistent
with that in FVII activities, which also significantly decreased
throughout the induction period. The results suggested that the
continuous prolongation of PT may be due to slow synthesis
of FVII in the liver instead of constant existence of large
amounts of active TF. A new discovery is that the intrinsic
pathway was mildly activated after treatment, which may be
due to the release of chromatin from APL cells undergoing
ETosis after treatment [13]. The changes in levels of natural
anticoagulants, TM and TFPI, in APL patients suggested that
the anticoagulation system was also activated following the
activation of coagulation system (Fig. 1).

In addition, to express PCA mediated by MP-TF under
some pathological conditions, MPs also express PCA me-
diated by PS exposed on their surface and maybe also by
some other coagulation factors binding on their surface, at
both pathological and physiological conditions. This study
explored the roles of both the MP-TF activity in activating
the extrinsic coagulation cascade and MP-PCA in the in-
trinsic coagulation system in APL-associated coagulopa-
thy. The MP-TF activity was significantly increased in pa-
tients. The plasma RT assay, which is usually a measure of
the intrinsic coagulation function, was selected to measure
MP-PCA in the intrinsic coagulation system, and the re-
sults revealed that there was no significant difference in
MP-PCA between patients and controls. Plasma RT mainly
reflects intrinsic coagulation function, whereas the MP-
PCA inhibition assay indicated that MP-TF also had a
small effect on MP-plasma RT.

Finally, the overall roles of MP-TF activity in coag-
ulation activation in APL-associated coagulopathy be-
fore and during induction therapy were analyzed by
correlation method in the patients. The results indicated
that MP-TF activity was highly positively correlated
with APL cell count, but not with lymphocyte count
and monocyte count, suggesting that TF-MPs mainly
originated from APL cells. With the ATO treatment,
APL cells were induced to differentiate. It is unknown
whether partially differentiated APL cells can release
TF-MPs. To find the answer, we first evaluated the
share of partially differentiated APL cells in WBCs in
the peripheral blood by fluorescence in situ hybridiza-
tion (FISH) assay, and the results revealed that cells
bearing PML/RARα fusion gene accounted for more
than 80% of total WBCs from T1 to T3, and there
remained many at EIT (data are not shown). So from
T1 to T3 time points, WBC count could well reflect
partially differentiated APL cell count in the peripheral
blood. In addition, APL cells with different differentia-
tion degrees may have different abilities to release TF-
MPs. We assessed the differentiation degrees of cells by
peripheral blood smear examination, and the results in-
dicated that the differentiation degrees of APL cells
were gradually increased from T0 to T4 (data are not
shown). So, the correlation analyses between MP-TF
activity and WBC count were carried out on data at
each time point rather than 6T data. The results indicat-
ed that MP-TF activity was highly positively correlated
with WBC count at T1 and T2 time points, suggesting
that partially differentiated APL cells were also capable
of releasing TF-MPs. From T0 to T2, WBC count in-
creased rapidly, whereas MP-TF activity decreased
quickly, suggesting higher degrees of APL cell differen-
tiation corresponded to a weaker ability to release TF-
MPs. At T3, MP-TF activity already dropped to very
low levels, whereas it remained highly correlated with
WBC count, suggesting that the partially differentiated
APL cells were still capable of releasing a small num-
ber of TF-MPs at this time point. MP-TF activity was
not correlated with WBC count at T4 and T5 time
points, when cells bearing PML/RARα fusion gene
accounted for only a small proportion of WBCs, or
even disappeared from peripheral blood, and MP-TF
activity also dropped to an extreme low level.

From the T0 and 6T MP regulatory networks (Fig. 4), it
could be seen thatMP-TF activity rather thanMP-PCA played
a key role in linking APL cells with coagulation activation in
APL-associated coagulopathy before and during induction
therapy. The roles of TF-MPs played in APL-associated co-
agulopathy are shown in Fig. 5. The circulating TF-MPs in
APL patients mainly originated from APL cells. Partially dif-
ferentiated APL cells could also release TF-MPs, but as the
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degree of differentiation of APL cells increased, their ability to
release TF-MPs decreased. The MP-TF derived from APL
cells/partially differentiated APL cells was the main source
of active TF in plasma, although it was probably not the only
source. Apoptotic APL cell/partially differentiated APL cell
should be another source of active TF. Although the
procoagulant activity of TF on the cell surface is mostly dor-
mant, the exteriorization of PS during apoptosis enables its
activation [23]. As the main source of active TF in plasma,
MP-TF was an important contributor for coagulation activa-
tion in APL-associated coagulopathy. So, it was MPs released
by APL cells/partially differentiated APL cells that served as
the vehicle to transfer the large amount of TF inside cells to
plasma to activate coagulation, ultimately causing the occur-
rence of coagulopathy. The correlation analysis also found
that the increased MP-TF activity stimulated the release of
anticoagulants, TM and TFPI, into the blood and resulted in
an increase in fibrinolytic degradation products. Obviously,
these effects were indirect rather than direct (Fig. 1).

The limitations of this study include the relatively
small number of cases, which was mainly due to low
incidence of the disease and the extreme difficulty in
blood collection. In fact, from a statistical perspective,

no definitive standard is available regarding the number
of cases required for such a study. Too small sample
size introduces the risk of producing false-negative re-
sults (called type II error in statistics), whereas in this
study, only patients with severe hemorrhagic events be-
fore treatment were included; what’s more, case-control
study method was adopted, both of which can to some
extent make up for the shortage of insufficient sample
size. Many positive results were obtained from this
study that proved the effectiveness of this design
strategy.

Conclusions

MP-TF activity played a key role in coagulation activation in
APL-associated coagulopathy before and during induction
therapy. The circulating MP-TF that mainly originated from
APL cells/partially differentiated APL cells was the main
source of active TF in plasma. So, it was MPs released by
APL cells/partially differentiated APL cells that served as
the vehicle to transfer the large amount of TF inside cells to

Fig. 5 The simplified schema of the roles of tissue factor (TF)–bearing
microparticles (MP) played in acute promyelocytic leukemia (APL)–as-
sociated coagulopathy. APL cells constitutively express a large amount of
TF antigen, most of which is present in the cytoplasm. Both APL cells
and partially differentiated APL cells can release TF-bearingMPs, but the
ability of APL cells to release TF-bearing MPs decreases with the in-
crease of the differentiation degree of APL cells. The MP-associated TF

derived from APL cells/partially differentiated APL cells is the main
source of active TF, although it is probably not the only source. As the
main source of active TF, MP-associated TF is an important contributor
for coagulation activation in APL-associated coagulopathy. So, it is MPs
released byAPL cells that serve as the vehicle to transfer the large amount
of TF inside APL cells to plasma to activate coagulation, ultimately caus-
ing the occurrence of coagulopathy
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plasma to activate coagulation, ultimately causing the occur-
rence of coagulopathy.
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