
Prospective Clinical Research Report

Preliminary study of
microparticle coagulation
properties in septic patients
with disseminated
intravascular coagulation

Shishuai Meng1, Kai Kang1, Dongsheng Fei1,
Songlin Yang1, Quankuan Gu1, ShangHa Pan2

and Mingyan Zhao1

Abstract

Background: Sepsis typically results in enhanced coagulation system activation and microthrom-

bus formation. Microparticle (MP) production promotes coagulation and enhances pro-

coagulation. This study investigated how circulating MP levels and tissue factor-bearing MP

(TFþ-MP) activity caused coagulation in patients with septic disseminated intravascular coagula-

tion (DIC).

Methods: Thirty patients with septic DIC and 30 healthy controls were studied from December

2017 to March 2019. Patient blood samples were collected at enrolment (day 1) and on days 3

and 5; DIC scores and Sequential Organ Failure Assessment (SOFA) scores were recorded. TFþ-

MP activity was measured using TF-dependent factor Xa generation experiments. Circulating MP

concentrations were determined by MP capture assay. Clotting factor activity, antithrombin level,

soluble thrombomodulin, and serum tissue factor pathway inhibitor (TFPI) concentrations were

measured.

Results: Patients with septic DIC had lower circulating MP levels than healthy control patients.

Circulating MP levels in patients with septic DIC were positively correlated with DIC scores and

negatively correlated with coagulation factors, but TFþ-MP activity did not correlate with clotting

factor levels and TFPI.
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Conclusions: In patients with septic DIC, circulating MP levels are important in promoting

coagulation activation and increasing clotting factor consumption. TFþ-MP activity may not be

the main form of active TF.
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Introduction

Sepsis refers to diseases with a systemic

inflammatory response syndrome and
organ dysfunction that are caused by infec-

tions, and it is a common critical disease in
intensive care units (ICUs). The global mor-

tality rate for sepsis is approximately 30%,

and disseminated intravascular coagulation
(DIC) often occurs in patients with systemic

infection.1 Overactivation of the coagula-

tion system, damage to the anticoagulant
system, and widespread formation of

microcirculatory thrombosis leading to
organ failure are the main clinical features

of septic DIC.2 Compared with patients

without septic DIC, the mortality rate for
sepsis patients with DIC is twice as high.3

For sepsis, the inflammatory response
and coagulation activation affect each

other mutually. On the one hand, inflam-

matory factors, cytokines, and chemokines
can activate the coagulation system and

destroy the physiological anticoagulation

mechanism. For example, tissue factor
pathway inhibitor (TFPI) cannot effectively

counteract tissue factor (TF) activity. The
endothelial-related anticoagulant system,

especially the protein C system, is damaged,

and up-regulation of plasminogen activator
inhibitor type-1 (PAI-1) hinders fibrin

clearance. On the other hand, the activated
coagulation system also significantly affects

the inflammatory response. The severity of
sepsis increases with the degree of coagula-
tion disorders.4,5

Microparticles (MPs) are small bubble-
like membrane particles (0.1–1 mm in diam-
eter) that originate from a variety of blood
cells and endothelial cells. They carry com-
ponents such as proteins and lipids from the
parental cell membrane and cytoplasm.
Under pathological conditions, MPs have
strong coagulative properties and have
various functions in inflammation and
coagulation.6,7 Phosphatidylserine, which
is exposed on platelets, leukocytes, and
endothelial cell microbubbles, contributes
to the procoagulant activity in sepsis. The
circulating MPs in sepsis mice had a greater
coagulative effect than those in sham-
operated mice. The release of MPs carrying
TF into the blood can specifically activate
the coagulation pathway and cause
DIC.8–10 Total thrombin (TG) production
was induced by platelet MPs (PMPs) that
are produced in the septic model of caecal
ligation. Compared with the healthy control
group, MPs that were obtained from the
blood of patients with meningococcal
sepsis had a stronger thrombin production
capacity in vitro.11,12

We measured the circulating MP levels
and the TF-bearing MP (TFþ-MP) activity
in patients with septic DIC and evaluated
the roles of both in the activation of the
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coagulation pathway and the consumption
of coagulation factors.

Patients and methods

Patients

Patients were selected from those who were
admitted to the ICU at the First Affiliated
Hospital of Harbin Medical University
from December 2017 to March 2019. All
patients were over 18 years old and met
the 2016 SEPSIS 3.0 diagnostic criteria
and DIC diagnostic criteria of the
International Society on Thrombosis and
Haemostasis (ISTH).13,14 No patients with
end-stage cardiopulmonary diseases,
cancer, or end-stage cancer, chronic liver
or kidney dysfunction, end-stage liver or
kidney failure, or haematological system
diseases were included. Healthy volunteers
of the same age and sex who had not taken
any drugs were designated as the control
group. In preliminary experiments that
were conducted before this experiment to
optimize the procedure (data not shown),
the circulating MP levels and TFþ-MP
activity levels in the non-DIC sepsis
patients were between those in the septic
DIC patients and healthy volunteers.
Compared with the experimental results of
septic DIC patients, the difference was not
significant. All enrolled patients received
anti-infection treatment as early as possible,
adequate drainage of the infected site, early
fluid resuscitation treatment, and organ
support treatment.

This study was approved by the Ethics
Committee of the First Affiliated Hospital
of Harbin Medical University (Harbin,
China; approval number HYYKY/WZLS
201810), and it meets the requirements of
the ethics principles in the Declaration of
Helsinki of the World Medical
Association (WMA) and the International
Ethical Guidelines for Biomedical Research
Involving Human Subjects of the Council

for International Organizations of Medical
Sciences (CIOMS).15,16 We obtained writ-
ten informed consent from the patients’
family members.

Definitions and diagnosis of DIC

The DIC score and Sequential Organ
Failure Assessment (SOFA) score were cal-
culated for enrolled patients with septic
DIC. The SOFA score calculates dysfunc-
tion of the six organ systems and dysfunc-
tion severity, including the respiratory,
clotting, liver, cardiovascular, kidney, and
nervous systems.17 The DIC score was cal-
culated using the ISTH DIC score criteria,
including prothrombin time (PT), platelets
(PLTs), fibrinogen (FIB) level, and fibrino-
gen/fibrin degradation products (FDP).14

Plasma collection

Fasting venous blood samples (day 1; D1)
were collected as soon as possible within 6
hours for the patients who met the diagnos-
tic criteria for enrolment and also on the
mornings of day 3 (D3) and day 5 (D5).
Fresh peripheral blood samples were used
for the blood cell count and coagulation
indexes using routine laboratory test
methods.

Platelet-free plasma (PFP) was prepared
from the collected blood within 1 hour in an
anticoagulant test tube containing sodium
citrate for MP detection. Platelet-poor
plasma (PPP) was obtained by centrifuging
at 1500 �g at room temperature for 15
minutes. The platelets were then removed
by centrifugation at 13,000� g for 2
minutes.18 PFP was separated and stored
at �80�C until analysis. Blood samples
from healthy volunteers were collected and
preserved at the same time for comparison.

Laboratory analysis

An automatic flow cytometer (XFA6100;
Nanjing Pulang Co., Nanjing, China) was
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used for the complete blood count analysis,
which included white blood cells (WBCs),
PLTs, and haemoglobin (Hb). An automat-
ic coagulation analyser (CA7000; Sysmex,
Kobe, Japan) was used to test the following
coagulation indexes: PT, activated partial
thromboplastin time (APTT), fibrinogen
level (FIB), D-dimer level (D-D), and FDP.

The following indexes were measured at
the same time in the frozen blood samples
from patients and healthy controls. Serum
thrombomodulin (sTM) and TFPI levels
were measured using the QuantikineVR

Thrombomodulin and Tissue Factor
Pathway Inhibitor ELISA Kit (R & D,
Minneapolis, MN, USA). The activity of
clotting factors and the antithrombin (AT)
level were determined using a CS5100 auto-
matic haemagglutination analyser (Sysmex;
Kobe, Japan).

Analysis of microparticles

Circulating microparticle concentration. In
accordance with the operating instructions
(ZYMUPHEN MP Activity Assay;
Hyphen Biomed, Neuville sur Oise,
France),18 frozen PFP plasma samples
from patients and the healthy control
group were thawed at 37�C and diluted
with Sample Diluent at 1:20. Then, 100 mL
of the diluted sample was added to the
micropores coated with streptavidin and
biotinylated Annexin V and incubated for
1 hour at 37�C. The sample was then
washed five times with 300 mL of diluted
wash buffer, and 100 mL of R1 (Bovine
FXa–FVa mixture, containing calcium)
and 50 mL of R2 (purified human pro-
thrombin) were added. The samples were
incubated for 10 minutes at 37�C. Next,
50 mL of R3 (thrombin-specific chromogen-
ic substrate) were added and incubated at
37�C for 3 minutes. Finally, 50 mL of 2%
citrate were added to terminate the reac-
tion. After stabilization for 10 minutes,
the absorbance was measured at 405 nm.

Using the calibrator provided in the kit at
“C” nM, the standard solutions were pre-
pared. The calibration curve was calculated
based on the absorbance results of the stan-
dard solutions. The MP concentration
obtained for the sample tested was deduced
from the calibration curve by multiplying
the measured concentration by the dilution
ratio. The results were expressed as nano-
molar phosphatidylserine equivalents (nM
eq. PhtdSer).

TFþ-MP activity assay. TFþ-MP activity was
measured using a TFþ-MP-dependent FXa
generation assay that has been previously
described.19 MPs were pelleted from
360 mL of PPP by centrifugation at 20,000
�g for 90 minutes at 4�C, washed twice
with HBSA (137mM NaCl, 5.38mM KCl,
5.55mM glucose, 10mM HEPES, and
0.1% bovine serum albumin, pH 7.5), and
re-suspended in 180 mL of HBSA. The sam-
ples were incubated with either a neutralis-
ing antibody to human TF (hTF1; 10 mg/
mL) (8 mL) or an isotype-matched murine
monoclonal IgG antibody (Purified Mouse
IgG1, j Isotype Control; 10 mg/mL) (8 mL)
(BD Biosciences, San Jose, CA, USA) for
20 minutes at 25�C. After incubation, 50-mL
aliquots were added to duplicate wells of a
96-well plate. Next, 50 mL of coagulation
factor mixture (including 10 mL 50 nM
FVIIa [Enzyme Research Laboratories,
South Bend, IN, USA]þ 20 mL 750 nM
FX [Enzyme Research Laboratories]þ
20 mL 25mM Ca2þ) were added to each
sample, and the mixture was incubated for
2 hours at 37�C. FXa generation was
stopped by the addition of 25mL of
25mM EDTA buffer, and 25 mL of the
chromogenic substrate S2765 (4mM)
(Chromogenix, Bedford, MA, USA) were
added and incubated at 37�C for 15
minutes. Then, a microplate reader was
used for 90 minutes of continuous reading
(absorbance at 405 nm). Known amounts
of purified FXa (Enzyme Research
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Laboratories) were used for a reference line

to calculate FXa formation from the fluo-

rescence tracings. TF-dependent FXa gen-

eration was determined by subtracting the

amount of FXa that was generated in the

presence of HTF1 from the amount of FXa

that was generated in the presence of the

control antibody.

Statistical analysis

SPSS v.20.0 software (IBM Corp.,

Armonk, NY, USA) was used for all statis-

tical analyses. The Wilcoxon sign-rank test

was used for paired sample comparisons

between patients and healthy controls at

each time point. Spearman’s rank-

correlation was used to analyse the correla-

tions among various indexes. Additionally,

p< 0.05 was considered to be statistically

significant. In the correlation analysis, to

reduce false-positive results, p< 0.01 was

specifically defined as statistically signifi-

cant given the repeated measurement data

that were involved.

Results

Patients

Thirty patients with septic DIC were includ-

ed in the study (median age, 56 [19–86]

years), including 25 men and five women.

Four of these patients died within 24 hours

after the D1 blood collection, and 26

patients showed improvement of their con-

dition. Thirty healthy controls with a

median age of 55 [22–90] years were includ-

ed, and no statistical difference in age was

found between the two groups. The main

characteristics of the patients are shown in

Table 1. The sources of septic DIC were

bacteraemia (n¼ 10), pneumonia (n¼ 6),

abdominal infection (n¼ 12), intracranial

infection (n¼ 1), and abscess of the phar-

ynx (n¼ 1).

Changes in coagulation indexes in
patients with septic DIC

On D1 in the septic DIC group, PT and
APTT were significantly prolonged
(p< 0.001 and p¼ 0.002, respectively), and
the PLT count was significantly decreased
(p< 0.001). Clotting factors and platelets
were consumed. D-D and FDP increased
significantly (p< 0.001 and p¼ 0.001,
respectively), and activation of the coagula-
tion pathway and increased thrombin pro-
duction occurred in the patients. With an
improvement at D5, the above indexes
gradually recovered, and the degree of
coagulation disorder decreased. However,
FIB did not change significantly in this
process (Figure 1a–f).

Changes in clotting factors in patients
with septic DIC

During the occurrence of DIC in sepsis
(D1), the clotting factors FII, FV, FVII,
FX, FXI, and FXII were significantly
reduced in the septic DIC group
(p< 0.001). The coagulation pathway was
activated, and the clotting factors were con-
sumed. After improvement on D5, the clot-
ting factors gradually recovered (Figure 2
a–f). Both intrinsic and extrinsic coagula-
tion pathways were activated in septic
DIC. However, in the septic DIC group
on D1, clotting factor FVIII expression
was increased (p¼ 0.001), and clotting
factor FIX consumption was not significant
(Figure 2 g–h).

Changes in the anticoagulation system

The results showed that the AT level
(median, 44.5% [37.75%–57%]) was signif-
icantly lower in patients with septic DIC at
D1 than in healthy controls (median, 94%
[84.75%–101.25%]; p< 0.001). Serum sTM
(median, 7.66 [6.51–11.52] ng/mL) and
TFPI (median, 15.13 [10.52–29.91] ng/mL)
levels were significantly higher than those of
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healthy controls (sTM median, 3.4 [3.05–
3.73] ng/mL; TFPI median, 9.45 [8.03–
12.46] ng/mL; p< 0.001). At this time, the
natural anticoagulants (AT, sTM, and

TFPI) were seriously damaged, and the
endothelial system was also damaged.
After D5, the condition improved, and
AT, sTM, and TFPI levels gradually

Figure 1. Coagulation indexes in the septic disseminated intervascular coagulation (DIC) group (a–f). The
red dotted line indicates the normal range. Data are expressed as the median (interquartile range). The ends
of the whiskers represent the maximum and minimum values. a, Prothrombin time (PT). b, Activated partial
thromboplastin time (APTT). c, D-dimer level (DD). d, Fibrinogen/fibrin degradation products (FDP). e,
Platelets (PLTs). f, Fibrinogen level (FIB).

Table 1. Patient characteristics.

Variable Septic DIC group, n¼30 Control group, n¼30 p-value

Sex (n)

Female 5 (16.7%) 5 (16.7%)

Male 25 (83.3%) 25 (83.3%)

Total 30 30

Age (years) 56 (19–86) 55 (22–90) 0.404

SOFA score at enrolment 14 (8–22)

DIC score at enrolment 5 (5–7)

Pathogeny

Bacteraemia 10 (33.3%)

Pneumonia 6 (20%)

Abdominal infection 12 (40%)

Intracranial infection 1 (3.3%)

Pharynx abscess 1 (3.3%)

Treatment

Platelet transfusion 19 (63.3%)

Plasma infusion 19 (63.3%)

Anticoagulants 0

Data on scores and age are expressed as the median. Reference ranges are expressed as the minimum and maximum.

SOFA, Sequential Organ Failure Assessment; DIC, disseminated intravascular coagulation.
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recovered. The damaged anticoagulant

system was restored (Figure 3).

Changes in microparticles in patients with

septic DIC

The circulating MP levels (median, 2.41

[1.35–5.25] nM eq. PhtdSer) decreased at

D1 in septic DIC compared with the control

group (median, 2.93 [1.89–7.13] nM eq.

PhtdSer). With the improvement of the

disease, the circulating MP levels on D3

and D5 further decreased. A significant dif-

ference was found between D5 (median,

1.45 [0.81–2.70] nM eq. PhtdSer) and the

healthy control patients (median, 2.93

[1.89–7.13] nM eq. PhtdSer; p¼ 0.006;

Figure 4a).
The TFþ-MP activity level (median 0.15

[0.09–0.37] nmol/L) at D1 in the septic

DIC group was higher than that of the

healthy control group (median 0.04

Figure 2. Activity of clotting factors in the septic disseminated intervascular coagulation (DIC) group. Data
are expressed as the median (interquartile range). The ends of the whiskers represent the maximum and
minimum values. **A significant difference was found between the patient group and the healthy control
group (p< 0.01); *A difference was found between the patient group and the healthy control group
(p< 0.05). a, Clotting factor FII. b, Clotting factor FV. c, Clotting factor FVII. d, Clotting factor FX.
e, Clotting factor FXI. f, Clotting factor FXII. g, Clotting factor FVIII. h, Clotting factor FIX.

Figure 3. Anticoagulant indexes in septic disseminated intervascular coagulation (DIC). Data are expressed
as the median (interquartile range). The ends of the whiskers represent the maximum and minimum values.
**A significant difference was found between the patient group and healthy control group (p< 0.01). *A
difference was found between the patient group and the healthy control group (p< 0.05). a, Antithrombin III
(ATIII). b, Thrombomodulin (TM). c, Tissue factor pathway inhibitor (TFPI).
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[0.03–0.07] nmol/L), and the difference was
significant (p< 0.001). After the D3 to D5
conditions improved, TFþ-MP activity
gradually decreased (Figure 4b).

Microparticle correlation analysis

MP correlation analysis results showed that
circulating MP levels and clotting factors
(FII, FV, FVII, FX, FIX, and FXI) were
negatively correlated in the septic DIC
group (p< 0.001). A strong positive corre-
lation (p< 0.001) was observed for PT,
which is a coagulation index reflecting the
consumption of exogenous clotting factors.
Circulating MP levels were correlated with
the DIC score (p< 0.001) and are closely
related to the degree of coagulation disor-
der and the consumption of clotting factors.

No correlation was found between the
TFþ-MP activity and clotting factor levels
(FII [q¼�0.245], FV [q¼�0.049], FVII
[q¼�0.085], FIX [q¼�0.104], FX
[q¼�0.229], and FXI [q¼�0.123]). TFþ-
MP activity was not associated with TFPI
(q¼ 0.19). The TFþ-MP activity was corre-
lated with the DIC score (p¼ 0.002) and
SOFA score (p< 0.001); when the DIC
score and SOFA score were higher, TFþ-
MP activity was stronger. sTM is a marker

of endothelial damage, and TFþ-MP activ-

ity was correlated with the level of soluble

TM (q¼ 0.372, p¼ 0.001; Figure 5).

Discussion

Flow cytometry mainly detects particles

that are larger than 500 nm, and a few

improved flow cytometers can detect par-

ticles at 200 nm with certain limitations.

However, the exposure of membrane phos-

phatidylserine is characteristic of MP for-

mation. A capture assay measures all

clotting activities that are related to MPs

by thrombin production, and it is more spe-

cific to MP-related clotting activities. Thus,

we used the functional test method to mea-

sure the MPs.20,21

Our study found that compared with the

healthy control group, circulating MP levels

in patients with sepsis DIC at D1 to D5

were decreased. This result is consistent

with previous research conclusions from

other scholars. For example, compared

with the healthy control group, the

number of circulating MPs in patients

with multiple organ dysfunction syndrome

(MODS) and sepsis that was measured by

flow cytometry was decreased.22 Although

Figure 4. Circulating microparticle (MP) levels and tissue factor-bearing microparticle (TFþ-MP) activity in
septic disseminated intervascular coagulation (DIC). Data are expressed as the median (interquartile range).
The ends of the whiskers represent the maximum and minimum values. **A significant difference was found
(p<0.01); *a difference was found (p<0.05). a, Phosphatidylserine (PhtdSer)-MPs in the septic DIC group
and control group. b, TFþ-MP activity in the septic DIC group and control group.
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different from our quantitative method of

analysis for MPs, the same results were

achieved; in sepsis, the level of circulating

MPs decreased. In addition, some experi-

ments have noted that the circulating MP

level in young infected patients is lower

than that in young uninfected patients.23

However, some experimental results from

other studies were contrary to our results.

For example, studies have shown that total

circulating MPs in patients with sepsis

could be greater than in patients without

sepsis. Patients with septic shock had

higher levels of PhtdSerþ-MPs with a phe-

notypic change in DIC. In DIC patients,

endothelial-derived CD105þ-MPs are

increased as well as leucocyte-derived

CD11aþ-MPs when platelet-derived

GPIbþ-MPs were very low, reflecting

thrombocytopenia.24–26 This finding may

be related to patient selection, inclusion

time, different sepsis stages, different detec-

tion methods, and unknown cellular modu-

lation mechanism. There are many

explanations for the decrease in circulating

MP levels in sepsis DIC. For example, in

sepsis DIC, circulating MPs are isolated in

tissue organs through adhesion factors and

other mechanisms, acting as an immune

thrombus, whereas fewer circulating MPs

are released.18 After monocyte activation,

phagocytosis enhancement can increase

the ability to clear MPs.23 In addition,

decreased MP subtypes were noted in

sepsis. For example, compared with the

healthy control group, the level of

monocyte-derived MPs in sepsis decreased,

and MPs from leukocytes (CD45þ) in

septic shock patients were also

decreased.27,28 All of the above factors

may lead to a reduction in circulating

MP levels.
There was a positive correlation between

circulating MP levels and the DIC score in

septic DIC, suggesting that circulating MPs

may play a role in coagulation disorders.

The coagulation cascade reaction shows

the extent of clotting factor consumption,

Figure 5. Correlation analysis results of microparticles (MPs). The dotted lines represent a negative
correlation, and the solid lines represent a positive correlation. The value is the correlation coefficient.
All p values <0.01.
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which can reflect the degree of coagulation
activation. Some studies have noted that
the surface of the MPs can enlarge the hae-
mostasis reaction by exposing the binding
sites of coagulation factors.29 A correlation
was found between circulating MPs and
coagulation factor consumption. Our
experiments showed a significant negative
correlation between circulating MP levels
and coagulation factors (FII, FV, FVII,
FIX, FX, and FXI) in septic DIC. A
strong positive correlation with the PT
index was noted, reflecting the consumption
of coagulation factors in the external coag-
ulation pathway. This finding further sug-
gests that circulating MPs play an
important role in activation of the coagula-
tion pathway and consumption of coagula-
tion factors. Combined with the results of
the correlation analysis, the relatively high
circulating MP levels may have a stronger
ability to activate the coagulation pathway,
thereby increasing the consumption of
coagulation factors and the degree of coag-
ulation disorders. Some studies have shown
that the sepsis shock group has a higher
number of circulating MPs and more signif-
icant clot formation compared with the
sepsis group.30 This supports our hypothe-
sis. Close correlations were found between
the circulating MP levels in septic DIC and
the endogenous pathway clotting factors
FIX and FXI and the exogenous pathway
clotting factor FVII. Circulating MPs play
a major role through simultaneous activa-
tion of intrinsic and extrinsic coagulation
pathways.

Previous experiments have investigated
the role of TFþ-MP activity or MPs from
different cell sources in septic DIC.30–32 We
evaluated the role of TFþ-MP activity in
septic DIC from the perspective of coagu-
lation factor consumption and coagulation
pathway activation. TFþ-MP activity was
not correlated with the clotting factors in
the coagulation pathway. In septic DIC
patients, TFþ-MP activity is not closely

related to clotting factor consumption.
Therefore, although TFþ-MP activity is
enhanced in septic DIC and TFþ-MP activ-
ity is also correlated with the DIC score and
SOFA score, TFþ-MPs activity does not
play a major role in activation of the coag-
ulation pathway and consumption of clot-
ting factors. TFþ-MP activity may play a
role in predicting the severity of coagulation
disorders and organ dysfunction in patients
with septic DIC to a certain extent. The
lack of correlation between TFþ-MP activ-
ity and TFPI also suggests a weak relation-
ship between TFþ-MP activity and
circulating active TF. In sepsis, active TF
expression varies. For example, studies
have shown that monocytes, non-
haematopoietic cells, and endothelial cells
can express TF and may play an important
role in activating coagulation in a sepsis
model. Selective inhibition of TF activity
during treatment may reduce haemorrhagic
complications.33 Our study suggests that
TFþ-MPs may not be the main form of
active TF in septic DIC. It suggests that
the strong procoagulant effect of TF in
septic DIC may not be realised by TFþ-
MPs. This finding may have some signifi-
cance to guide the direction of clinical
research. Our experiments also show that
circulating MP levels play an important
role in the consumption of coagulation fac-
tors. The main mechanism of the pro-
coagulant properties of circulating MPs
may be related to other mechanisms, such
as phospholipid and coagulation factor site
exposure, rather than TFþ-MP activity. In
addition, the experimental results showed
that TFþ-MP activity was significantly cor-
related with TM. Endothelial injury can
expose more TF and release endothelial
MPs (EMPs) containing TF expression.34

This finding suggests that TFþ-MP activity
may result from endothelial injury in
septic DIC.

In this experiment, no specific trends and
significant differences in the changes in FIB
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in septic DIC were found. Although a pos-

itive correlation between TFþ-MP activity

and FIB was found, further studies are

needed. The above results also suggest

that the potential role of MPs may be com-

plex and diverse. For example, treatment

with recombinant human APC (rhAPC)

significantly increased circulating endothe-

lial protein C receptor-expressing MPs

(EPCRþ-MPs) in sepsis patients, and

these MPs show anticoagulant activity and

play a beneficial physiological role.35

Furthermore, different markers of the

same MP may have different evaluation

results. Therefore, more comprehensive

consideration is required for the research

and design of MP functions.

Limitations

Our experiment had some limitations. We

did not thoroughly analyse the different cell

sources of the MPs by flow cytometry. If

the interval between the blood sample col-

lection time points can be appropriately

extended in septic patients, we may be

able to better evaluate the sepsis recovery

process. In addition, the sample size of

patients who died was relatively small.

The sample size should be increased, and

further comparisons should be conducted.

Conclusion

The circulating MP levels were lower in

patients with septic DIC than in healthy

controls. The circulating MP levels play

an important role in promoting coagulation

activation and increasing clotting factor

consumption. TFþ-MPs activity may not

be the main form of active TF. This sug-

gests that we need a new understanding of

the mechanism of circulating MPs that pro-

mote coagulation in patients with

septic DIC.
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