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Platelet-related parameters as potential
biomarkers for the prognosis of sepsis
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Abstract. Early diagnosis and accurate prognosis are key for
reducing the fatality rate and medical expenses associated with
sepsis. Platelets are involved in the delayed tissue injury that
occurs during sepsis. Therefore, the aim of the present study
was to investigate the usefulness of platelets and associated
parameters as prognostic markers of sepsis. The present study
collected patient samples based on The Third International
Consensus Definitions for Sepsis and Septic Shock criteria.
Platelet-associated parameters were detected by flow cytometry
and their correlation with clinical scores and prognoses was
analyzed. Considering the association between endothelial
cells and platelet activation, levels of plasma tumor necrosis
factor-like weak inducer of apoptosis (TWEAK) and angiopoi-
etin-2 (Ang-2) were analyzed by ELISA. The results showed
significant differences in platelet P-selectin expression and
phosphatidylserine exposure, mitochondrial membrane poten-
tial (Mmp)-Index values and plasma levels of TWEAK and
Ang-2 between patients and healthy controls (P<0.05). Except
for P-selectin and TWEAK levels, all parameters were corre-
lated with clinical scores (acute physiology and chronic health
evaluation II and sequential/sepsis-related organ failure assess-
ment). Additionally, platelet Mmp-Index between admission and
the end of therapy was only different in non-survivors (P<0.001)
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and platelet phosphatidylserine exposure was significantly lower
in survivors (P=0.006). Therefore, of the parameters tested, the
dynamic monitoring of phosphatidylserine exposure, platelet
Mmp-Index values and plasma Ang-2 levels had the most poten-
tial for the assessment of disease severity and clinical outcomes.

Introduction

At present, it is estimated that 48.9 million patients worldwide
have sepsis and related diseases and 19.7% of all deaths glob-
ally are related to sepsis (1). Sepsis involves multiple processes,
including inflammation, immunity, coagulation and neuro-
endocrine responses. The pathophysiological mechanism is
complex and the clinical manifestations of patients vary (2).
Consequently, there is a lack of rapid, sensitive and specific
diagnostic biomarkers. Excessive inflammation caused by
infection is the defining feature of sepsis. Inflammatory
responses induce a ‘waterfall cascade‘ reaction; therefore,
early diagnosis and treatment are key to reduce the in-hospital
mortality of patients with sepsis.

To date, ~200 sepsis-associated biomarkers have been
reported in the literature, with novel biomarkers being identi-
fied. Commonly used markers include acute-phase proteins
[C-reactive protein (CRP) and procalcitonin], cytokines (inter-
leukin-6,interleukin-10 and interleukin-8), cell surface proteins
(human leukocyte antigen-DR, soluble triggering receptor
expressed on myeloid cells-1 and soluble urokinase plasmin-
ogen activator receptor), vascular endothelial cell-associated
factors (cell adhesion molecule, angiopoietin and endothelial
cell specific molecule-1) and coagulation-associated param-
eters (antithrombin III, plasminogen activator inhibitor, mean
platelet volume and platelet count). Ideal biomarkers would
be useful for early diagnosis, risk stratification, prognosis
assessment and treatment response monitoring. Most existing
markers lack a theoretical basis for routine clinical practice
because of inadequate sensitivity, specificity or clinical
evaluation ability (3-5).

Early diagnosis and effective treatment not only improve
the prognosis of sepsis but also decrease the mortality and
medical costs associated with sepsis. Several studies have
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shown that platelets are key players in sepsis. For example,
platelets are involved in sepsis-associated inflammation,
vascular contracture, thrombosis and delayed tissue damage
following ischemia (6-9). Therefore, the analysis of changes in
platelets and associated factors in sepsis can be used to assess
the development of the disease. In inflammatory and infec-
tious conditions, commonly used platelet parameters include
platelet count, mean platelet volume, platelet distribution
width, platelet large cell ratio and plateletcrit (PCT). Changes
in these parameters are not only associated with occurrence
of inflammatory diseases such as pneumonia, ankylosing
spondylitis, Hashimoto's thyroiditis, acute appendicitis, infec-
tive endocarditis and psoriasis (10-15), but also regularly occur
when the body is infected with COVID-19, H7N9, malaria,
melioidosis and dengue (16-20). Our previous studies showed
that certain bacterial pathogenic factors (such as suilysin,
pneumolysin and streptolysin) may induce platelet activation,
leading to increased expression of CD4la and P-selectin (also
known as CD62P) on the surface of platelets (21,22).

Given the platelet-pathogen interactions shown in our
aforementioned studies, the proposed role of activated
platelets in multiorgan injury during sepsis and therapeutic
potential of platelets in sepsis treatment (21,22), a prospective
research method was applied in the present study to collect
blood samples considered relevant based on The Third
International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) (23). A platelet activation detection system
using flow cytometry was established, and platelet activation
specificity (P-selectin expression), apoptosis (loss of plasma
membrane asymmetry and phosphatidylserine exposure) and
mitochondrial membrane potential (Mmp)-Index values in
patients diagnosed with sepsis were analyzed. Furthermore,
the correlations between these factors and the commonly used
acute physiology and chronic health evaluation I (APACHE II)
and sequential/sepsis-related organ failure assessment (SOFA)
clinical scores were analyzed (7,24).

As biomarkers, platelet-associated parameters include
not only biomolecules expressed by platelets but also certain
biomolecules that exist in the external environment and may
affect the physiological activity of platelets. Therefore, in the
present study, tumor necrosis factor (TNF)-like weak inducer
of apoptosis (TWEAK) and angiopoietin-2 (Ang-2) were
considered to be markers that are associated with platelets
(25,26). Finally, the findings of the present study were compared
with previous literature (27-30) and case studies (25,30-34)
to evaluate these five parameters as potential biomarkers in
sepsis and to understand the dynamic evaluation of sepsis
(correlations with clinical scores) and patient prognosis. The
present results provide a foundation for subsequent analysis in
large-sample, prospective and multicenter studies.

Materials and methods

Study population. The present study was a retrospective
analysis of prospectively collected data from The Fifth
Medical Center of the Chinese People's Liberation Army
General Hospital (Beijing, China) from September 2017
to January 2019. The criterion for inclusion was an initial
diagnosis of sepsis; patients with traumatic coagulopathy and
primary blood system disorders were excluded. Sepsis was

defined according to the Sepsis-3 criteria, which describes
sepsis as the life-threatening organ dysfunction caused by a
dysregulated host response to infection (23). Organ dysfunc-
tion was indicated by an increase in the SOFA score =2 points.
Septic shock was defined as a subset of sepsis in which
persisting hypotension requiring vasopressors to maintain a
mean arterial pressure of =65 mmHg and serum lactate levels
>2 mmol/l despite adequate volume resuscitation, were found.
Additionally, the APACHE II scoring system was utilized,
which quantifies and evaluates the degree of abnormality
in a number of physiological parameters and is widely used
because its disease severity classification system is based on
objective physiological parameters. To diagnose and clinically
assess the condition of patients, SOFA scores for sepsis and
septic shock were utilized. The severity of illness was assessed
with APACHE II and SOFA scores on the days of blood collec-
tion. The present study was approved by the Medical Ethics
Committee of The Fifth Medical Center, Chinese People's
Liberation Army General Hospital (approval no. ky-2019-1-4;
Beijing, China) and all subjects provided written informed
consent. All procedures involving human participants were
performed in accordance with The Declaration of Helsinki.

Blood samples. From September 2017 to January 2019,
the development of initial suspected sepsis was tracked in
96 patients (age, 18-71 years; 40 males and 56 females). As
controls, 25 healthy adult volunteers (age, 25-56 years; 17 males
and 8 females) were recruited at the same time, according to
local laws and regulations (21,22). A total of ~2 ml blood was
collected within the first 48 h of hospital admission from all
patients and the blood was also collected from healthy adult
volunteers. To dynamically analyze the laboratory parameters,
blood samples were also obtained from each patient at the
treatment endpoint, in accordance with clinical assessment
of the patient by the critical care team. The end of therapy
(before discharge or death) was the preferred time for treat-
ment endpoint blood extraction. After patients reached the
treatment endpoint, the test results of laboratory parameters
from blood samples meeting the criterion for inclusion were
analyzed. Notably, unlike previous studies (31-33) in which
blood was collected at a fixed time (typically 7 or 14 days after
admission) and compared with admission samples, the present
study directly collected samples at the treatment endpoint after
fully considering the dynamic changes in the individual condi-
tion and uncertain characteristics of prognosis of each patient.
Platelet-rich plasma (PRP) and plasma samples were separated
for further analysis. Approximately half of the blood sample
was used to separate PRP and the remaining fraction was used
to separate plasma. The anti-coagulated blood was centrifuged
for 10 min at 146 x g at room temperature to obtain PRP, then
centrifuged for 10 min at 1,200 x g to obtain plasma. Plasma
was stored at -70°C until further use.

Platelet activation. P-selectin (CD62P), an indicator of
platelet activation, is stored in a-granules of platelets and
rapidly transported to the plasma membrane upon activation.
P-selectin is hypothesized to mediate the initial adhesive
interactions of activated platelets to neutrophils and mono-
cytes during hemostasis. Phycoerythrin (PE)-conjugated
CD62P monoclonal antibody (catalogue number: 555524, BD
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Table I. Demographic and clinical characteristics of subjects included in analysis.

Septic shock (n=12) Control (n=25)

Characteristic Sepsis (n=19)
Mean age, years 66.94+14.52
Sex, n

Male 10

Female 9
Non-survivors, n 9
APACHE II score 21.16+6.23
SOFA score 7.53+3.01
Mean platelet count, x10'/1 1.69+0.83
Site of infection, n

Pulmonary 15

Urinary 1

Abdominal 1

Bloodstream 2

64.58+17.46 39.20+£9.46
9 17
3 8
7 NA
22.00+5.33 NA
8.92+2 .87 NA
1.41+1.09 1.86+0.44
9 NA
1 NA
0 NA
2 NA

Non-survivors, patients who were deceased at the end of clinical treatment. Data are presented as the mean + standard deviation. APACHE 11,
acute physiology and chronic health evaluation II; SOFA, sequential/sepsis-related organ failure assessment; NA, not applicable.

Biosciences) was used to detect changes in platelet activation,
according to the manufacturer's instructions. Briefly, 100 ul
blood and 15 ul PE-conjugated CD62P monoclonal antibody
were co-incubated for 30 min at 37°C in the dark. Blood
samples were immediately prepared for flow cytometry using
OptiLyse C No-Wash Lysing Solution (catalogue number:
A11895, Beckman Coulter, Inc.) according to the manufac-
turer's instructions. Before analysis with a flow cytometer (BD
Accuri C6) and FlowJo v.10.7. (BD Biosciences), the samples
were filtered with a 70-ym cell strainer (BD Biosciences).
A total of 20,000 events were acquired and platelets were
detected in the platelet-specific gate (35) and channels (FL2)
by flow cytometry. An increase in mean FL2 represented
enhanced platelet activation. A parallel incubation in which
PE-labeled mouse IgG « isotype control (BD Biosciences) was
added instead of PE-conjugated CD62P monoclonal antibody
was used as a negative control. Results were calculated as the
mean of triplicate readings for each patient.

Platelet Mmp. Depolarization of Mmp (AWm) is observed
during early apoptosis (31). Changes in platelet Mmp were
determined by staining with cationic dye 5,5',6,6'-tetra-
chloro-1,1',3,3'-tetracthylbenzimidazolylcarbocyanine
iodide (JC-1; Molecular Probes; Thermo Fisher Scientific,
Inc). Specifically, 50 u1 PRP was incubated with 500 p1 JC-1
working solution at 37°C with 5% CO, for 10 min in the
dark. Following filtration with a 70-xm cell strainer, samples
were analyzed with a flow cytometer (BD Biosciences)
Accuri C6) and FlowJo v.10.7. (BD Biosciences). A total of
20,000 events were acquired and platelets were detected in
the platelet-specific gate. The results are presented as a ratio
of the mean FL2 and FL1; decrease in the FL2:FL1 ratio
(Mmp-Index) indicated a loss in Mmp (31). A parallel incu-
bation in which carbonyl cyanide m-chlorophenylhydrazone
(MedChemExpress) at 25 pM was added instead of JC-1 as
control.

Platelet plasma membrane asymmetry. Platelet apoptosis is
characterized by certain morphological features, including loss
of plasma membrane asymmetry and phosphatidylserine expo-
sure (25,36). Changes in platelet plasma membrane asymmetry
were measured using allophycocyanin (APC)-conjugated annexin
V (BD Biosciences) binding to phosphatidylserine translocated
from the inner to the outer leaflet of the plasma membrane. For
the detection of phosphatidylserine exposure, 50 1 PRP was
incubated with 5 ul APC-conjugated annexin V and 10 gl fluo-
rescein isothiocyanate (FITC)-conjugated CD41a monoclonal
antibody (catalogue number: 555466, BD Biosciences) for 30 min
at room temperature in the dark. Following filtration with a
70-pum cell strainer, samples were analyzed with flow cytometer
(BD Accuri C6) and FlowJo v.10.7. (BD Biosciences). A total of
20,000 events were acquired and platelets were detected in the
platelet-specific gate (32). The gates for intact platelets were set
using the FITC-conjugated CD41a antibody. An increase in mean
FL4 indicated enhanced platelet apoptosis. The mean of triplicate
readings for each patient was recorded.

Analysis of TWEAK and Ang-2 plasma levels. TWEAK
is involved in various inflammatory responses, including
promoting apoptosis and neovascularization, as well as
inducing expression of endothelial cell adhesion molecules and
pro-inflammatory cytokines (25). Ang-2 belongs to a family of
vascular growth factors and is associated with disrupted vascu-
larization, promoted cell death and neovascularization (26).
The plasma levels of TWEAK and Ang-2 were investigated
using commercially available ELISA kits (Human TWEAK
ELISA kit, Catalogue number: ELH-TWEAK; Human
ANGPT2 ELISA kit, Catalogue number: ELH-Angiopoietin2;
RayBiotech, Inc.), according to the manufacturer's instructions.

Statistical analysis. Normally distributed data are expressed as
the mean + standard deviation of triplicate readings. Differences
between groups were analyzed using unpaired Student's t-test,
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Suspected sepsis and septic shock (n=96)

Excluded:
The diagnosis results excluded
sepsis (n=39)
Lack of samples from the treatment
endpoint (n=26)

—P>

4

Subjects included in analysis
(n=56)

v

Sepsis Septic shock Control
(n=19) (n=12) (n=25)
Pulmonary (n=15) Pulmonary (n=9) volunteers
Urmary (n=1) Urinary (n=1) (n=25)
Abdominal (n=1) Bloodst 0
Bloodstream (n=2) oodstream (n=2)
EEE———— Obtained the blood samples < —

v

Samples were separated

—

—

Analyses of platelet-related parameters:
Platelet activation;
mitochondrial membrane potential;
membrane asymmetry

Analyses of plasma-related parameters:
TWEAK;
angiopoietin-2

Figure 1. Flow chart of the study design.

one-way ANOVA followed by Tukey's multiple comparison test
or mixed ANOVA followed by Bonferroni's multiple comparison
method. Receiver operator characteristic (ROC) curves were
used to identify association between biomarkers and diagnosis
(sepsis or septic shock). Correlations between laboratory param-
eters and clinical disease score were calculated using Spearman's
rank correlation coefficients. Statistical analysis was performed
using SPSS software (IBM Corp.; version 22.0) and GraphPad
Prism 9 (GraphPad Software, Inc.). P<0.05 was considered to
indicate a statistically significant difference.

Results

Characteristics of subjects. When combining the results of
clinical diagnosis, patient prognosis and sample collection,

39 samples from patients without sepsis and 26 patients
lacking blood samples from the treatment endpoint were. A
total of 31 patients (mean age, 66.00+£15.51 years; 19 males
and 12 females) with sepsis or septic shock were included
in the study (Table I). The overall mortality rate was 51.61%
(16 patients were deceased). The mean APACHE II and SOFA
scores were 21.48+5.82 and 8.06+2 .99, respectively. The mean
platelet count in the patients was 158.39+94.0x10%1. The cause
of disease was pulmonary infection in 24 patients, urinary
infection in two patients, abdominal infection in one patient
and bloodstream infection in four patients. The 25 healthy
controls comprised 17 males and 8 females with a mean age of
39.20+9.46 years. Additionally, considering the possible impact
of the age difference between patient and control groups on the
results, its influence was clarified through correlation analysis.
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Table II. Laboratory parameters.
P-value

Sepsis vs. Septic shock vs. Sepsis vs.
Parameter Sepsis Septic shock Control control control septic shock
Platelet activation 1,196.9+543.5 1215.2+723.6 328.9+16.8 <0.0001 <0.0001 0.9940
(CD62P-PE)
Mmp-Index 29+10 2.1+14 3.8+0.8 0.0330 <0.0001 0.0490
Apoptosis 398.4+48.7 498.8+125.2 333.6+24.3 0.0060 <0.0001 0.0004
(Annexin V-APC)
TWEAK, pg/ml 158.6+63.1 165.0+52.6 2734+1459 0.0050 0.0070 0.9560
Ang-2, ng/ml 5.8+4.7 7.6+4.9 1.4+0.6 0.0040 <0.0001 0.0020

Data are presented as the mean + standard deviation. Mmp, mitochondrial membrane potential; TWEAK, tumor necrosis factor-like weak
inducer of apoptosis; Ang-2, angiopoietin-2; APC, allophycocyanin; PE, phycoerythrin.
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Figure 2. Correlation of laboratory parameters with APACHE II score. Platelet (A) activation, (B) Mmp-Index and (C) apoptosis. Plasma (D) TWEAK
and (E) Ang-2 levels. P<0.05 was considered to indicate a statistically significant difference; r-values indicate correlation coefficient. APACHE II, acute
physiology and chronic health evaluation II; Mmp, mitochondrial membrane potential; TWEAK, tumor necrosis factor-like weak inducer of apoptosis; Ang-2,
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Figure 3. Correlation of laboratory parameters with SOFA score. Platelet (A) activation, (B) Mmp-Index and (C) apoptosis. Plasma (D) TWEAK and (E) Ang-2
levels. P<0.05 was considered to indicate a statistically significant difference; r-values represent the correlation coefficient. SOFA, sequential/sepsis-related
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APC, allophycocyanin; PE, phycoerythrin.

There were no significant correlations between patient age and
other platelet-associated parameters in patients with sepsis
(Fig. S1). The study design is illustrated in Fig. 1, and represen-
tative flow cytometry dot plots of platelet-associated markers
are shown in Fig. S2.

Laboratory parameters of patients with sepsis and septic
shock. Parameters were significantly different between
the patients and healthy controls (P-values ranged from
<0.0001 to 0.0330; Table II). ROC curve (Fig. S3) revealed
the following area under the curve (AUC) values: Platelet
activation, 1.0 (P<0.0001); Mmp-Index, 0.76 (P=0.0009);

apoptosis of platelets, 0.96 (P<0.0001); plasma TWEAK level,
0.72 (P=0.0055) and plasma Ang-2 level, 0.92 (P<0.0001).
Furthermore, patients with septic shock exhibited higher
levels of phosphatidylserine on the surface of platelets than
patients with sepsis (P=0.0004).

Correlation between laboratory parameters and APACHE 11
scores. When stratifying patients with sepsis and septic shock
by clinical condition, the APACHE II score of patients was
significantly correlated with platelet Mmp-Index (r=-0.495,
P=0.005; Fig. 2B), phosphatidylserine exposure (r=0.459,
P=0.009; Fig. 2C) and Ang-2 levels (r=0.523, P=0.003;
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Figure 4. Laboratory parameters in the survivor and control groups. Platelet (A) activation, (B) Mmp-Index and (C) apoptosis. Plasma (D) TWEAK and
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Fig. 2E). Therefore, the changes in these three parameters
reflected disease status and were correlated with APACHE
II score. By contrast, there were no significant correlations
with APACHE 1I score for the other two parameters, namely
platelet activation (r=0.045, P=0.797) and plasma TWEAK
levels (r=0.082, P=0.659; Fig. 2A and D).

Correlation between laboratory parameters and SOFA
scores. The SOFA score of patients (sepsis and septic shock
groups) was significantly correlated with platelet Mmp-Index
(r=-0.458, P=0.009; Fig. 3B), phosphatidylserine exposure
(r=0.514, P=0.003; Fig. 3C) and Ang-2 levels (r=0.620,
P=0.0002; Fig. 3E). SOFA score was not significantly corre-
lated with platelet activation (r=-0.013, P=0.944) or plasma
TWEAK levels (r=0.111, P=0.553; Fig. 3A and D).

Correlation between laboratory parameters and clinical
disease outcome. The prognostic determination in sepsis
is key; therefore the present study analyzed the correlation
between specific detection indicators and clinical outcomes to
provide a basis for assessing clinical progression of the disease.

Laboratory parameters of all participants were compared
between the surviving patients and the healthy (control) group.
There were significant between-group differences in platelet
activation (1,060.13+336.18 vs. 328.94+16.82, P<0.001;
Fig. 4A), phosphatidylserine exposure (389.68+27.15 vs.

333.55+24.27,P<0.001; Fig. 4C) and plasma levels of TWEAK
(169.04+79.03 vs. 273.41+145.98, P=0.006; Fig. 4D) and Ang-2
(2.28+1.08 vs. 1.40+0.62, P=0.01; Fig. 4E), but not in platelet
Mmp-Index values (3.2807+0.94 vs. 3.80+0.84, P=0.077;
Fig. 4B). However, in patients with sepsis, no significant
correlations were detected between patient age and platelet
activation (r=-0.147, P=0.437), Mmp-Index values (r=-0.128,
P=0.499), phosphatidylserine exposure (r=0.264, P=0.158)
or plasma levels of TWEAK (r=0.312, P=0.093) or Ang-2
(r=0.148,P=0.436; Fig. S1). These results indicated that notable
changes in the parameters had occurred within a short period
after disease onset in the survivor group and between-group
differences were not attributable to age difference.

Samples were grouped by clinical disease outcomes in the
treatment endpoint group and a mixed ANOVA with clinical
disease outcomes (level 2, survivors and non-survivors) as
a between-subject comparison and sample extraction time
(level 2, admission and treatment endpoint) as a within-subject
comparison was used (Tables SI and SII). The results revealed
significant group-by-time interactions for platelet activation
level (F=17.188, P<0.001), Mmp-Index (F=24.855, P<0.001),
phosphatidylserine exposure (F=8.410, P=0.007) and Ang-2
(F=21.055, P<0.001). No significant group-by-time interac-
tions for TWEAK (F=1.036, P=0.317) were found (Tables SII).
Simple effects analysis was performed for clinical outcome at
each level of time, with an a level of 0.0125 for each test. The
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conducted at each level of sample extraction time (admission and treatment endpoint) with an o level of 0.0125 for each test. Mmp, mitochondrial membrane
potential; TWEAK, tumor necrosis factor-like weak inducer of apoptosis; Ang-2, angiopoietin-2; ns, not significant.

results revealed significant differences in platelet Mmp-Index
(P<0.001), phosphatidylserine exposure (P=0.001) and plasma
Ang-2 levels (P<0.001) between survivors and non-survivors.
By contrast, platelet activation (P=0.028) and plasma
TWEAK levels (P=0.299) were not significantly different
between survivors and non-survivors (Fig. S5A-E; Table SI).
Furthermore, among the survivors, the admission and treat-
ment endpoint groups were compared; phosphatidylserine
exposure (P=0.006) and plasma Ang-2 levels (P=0.007) were
significantly different (Fig. 5C and E). However, there were
no significant differences in platelet activation (P=0.039)
and Mmp-Index values (P=0.038) or plasma TWEAK levels

(P=0.550; Fig. 5A, B and D). In the group of non-survivors,
there were significant differences in platelet activation
(P=0.003) and Mmp-Index values (P<0.001) and plasma Ang-2
(P=0.004; Fig. 5A, B and E), but not in phosphatidylserine
exposure (P=0.019) or plasma levels of TWEAK (P=0.138;
Fig. 5C and D).

This suggested that platelet activation and Mmp-Index and
plasma Ang-2 in patients in non-survivors was significantly
different compared with when they were admitted to hospital.
Additionally, due to the limited sample size of the present
study, the potential impact of sex differences was analyzed.
Sex had no effect on the results (Fig. S4; Tables SIIT and SIV).
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Discussion

Although critical care technologies have improved, the
prevalence and fatality rates of sepsis are still increasing (1,2).
A frequent complication of sepsis is the development of organ
dysfunction (1,2). Platelets are implicated in endothelial
damage and take part in the pathogenesis of tissue damage
in sepsis. For example, in sepsis-induced acute kidney injury,
leukocytes and platelet adhesion dysfunction induce renal
microvascular alterations (8). The pathogenesis of sepsis
is complicated and has not yet been fully elucidated. As an
independent risk factor, thrombocytopenia is used to predict
prognosis of critically ill patients, and platelets play an impor-
tant role in thrombocytopenia, sepsis inflammation and blood
coagulation (37). Therefore, platelet-associated parameters
may provide effective biomarkers for disease prognosis.

Platelet activation and sepsis are connected and acti-
vated platelets undergo apoptosis (3,6,25). The present study
involved three apoptosis-associated parameters, namely
platelet Mmp-Index, phosphatidylserine exposure and plasma
TWEAK levels. The mitochondria-mediated intrinsic pathway
and death receptor-mediated extrinsic pathway are the primary
initiators of apoptosis. During the early stages of apoptosis
induced by the intrinsic pathway, Mmp depolarization is
often observed, leading to changes in certain morphological
features, including loss of plasma membrane asymmetry and
phosphatidylserine exposure (38). TWEAK belongs to the
TNF receptor superfamily and induces platelet apoptosis via
the extrinsic pathway (25). Therefore, in addition to analysis of
platelet Mmp-Index values and phosphatidylserine exposure,
TWEAK was assessed.

To the best of our knowledge, the present study is the first
to demonstrate that the detected parameters had specificity as
biomarkers for diagnosing sepsis in all patients. Additionally,
correlations were observed between phosphatidylserine expo-
sure, platelet Mmp-Index values, plasma Ang-2 levels and
clinical scores.

ROC curve analysis demonstrated that the platelet activa-
tion level was more powerful than the other parameters for
prediction of sepsis and septic shock in patients. The AUC of
the platelet activation level was 1.0 with an optimal cut-off
of 359.5. By comparison, AUCs of platelet Mmp-Index,
apoptosis of platelets, and plasma levels of TWEAK and
Ang-2 were 0.76, 0.96, 0.72 and 0.92, respectively. This
analysis supports the conclusion that platelet activation may
be a useful risk factor in sepsis. Meta-analyses have shown
that the cut-off value of plasma Ang-2 as a biomarker is
3.2 ng/ml (33,39). The present study found a cut-off value of
plasma Ang-2 of 2.85 ng/ml. This discrepancy may be due
to the criteria for volunteers that were included. Therefore,
further large-sample, multicenter studies are required to
verify these results.

In the present study, P-selectin expression on platelets and
plasma TWEAK levels were not correlated with clinical score.
One possible explanation for these results is that the enrolled
patients had different basic diseases. In patients with sepsis
who undergo direct hemoperfusion with polymyxin B immo-
bilized cartridge treatment, TNF expression and serum release
are enhanced during inflammation (25). However, animal
experiments suggest that TWEAK is stably expressed in
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multiple tissues, and its mRNA expression level is downregu-
lated in autoimmune disease (34,35). In line with these results,
the present study showed a decrease in plasma TWEAK levels
between the admission and treatment endpoint groups Certain
studies have shown that, although TWEAK is associated with
TNF superfamily ligands and metabolic status of patients,
there is no correlation between TWEAK and body mass
index, age, sex or underlying disease (25,40). This indicates
that decreased plasma TWEAK levels are a general feature of
sepsis. TWEAK levels have been shown to be independent of
disease stage (34,40).

The results of the current study are different from those
reported by Griindler er al (31). In their study, significant
recovery of platelet Mmp-Index was observed in the group
of survivors (0.235 to 0.9), whereas persistently low platelet
Mmp-Index values (<0.5) were recorded in non-survivors
group. The inconsistencies between these results may be asso-
ciated with multiple factors. Firstly, the criteria for assessing
the study groups were different. In the present study, data was
collected from the treatment endpoint, which is different from
the 7th day of admission to the hospital used in the aforemen-
tioned study. Secondly, the grouping of patients between was
different. The present study used the Sepsis-3 criteria, in which
severe sepsis is not included as a concept.

There is an interaction between endothelial cells and plate-
lets. The structural stability of endothelial cells is associated
with changes in platelet function (41). Among the endothe-
lial angiopoietins associated with stability of the vascular
endothelium structure, Ang-1 and Ang-2 have been studied
in depth (42,43). There are several reports on Ang-2/Ang-1,
Ang-1/TEK tyrosine kinase (Tie-2) and Ang-2/Tie-2 as prog-
nostic biomarkers (41,44,45). The extensive loss of vascular
endothelial function is related to the severity of disease (44-46).
Kiimpers et al (32) injected lipopolysaccharide (4 ng/kg) into
22 healthy volunteers and found that the Ang-2 levels in their
blood reached a peak of 4.5 h after injection. Ang-2 levels
also peaked earlier than endothelial cell-specific adhesion
molecules, such as E-selectin and intercellular adhesion mole-
cule-1, demonstrating that Ang-2 responded faster than other
sepsis-associated biomarkers and therefore had advantages in
the early diagnosis of sepsis. The results of the present study
demonstrated that patients who survived had significantly
lower post-treatment plasma Ang-2 levels compared with
those measured on admission to the hospital. These results are
consistent with previous studies (32,41,45), suggesting that the
use of plasma Ang-2 alone for prognostic evaluation is effec-
tive. Additionally, a meta-analysis by Liu er al (46) indicated
that the sensitivity of Ang-2 level alone (82%) for sepsis diag-
nosis is higher than the sensitivities of the current commonly
used (46.47) clinical markers PCT (79%) and CRP (75%).

Here, the results on platelet phosphatidylserine exposure
were notable. This parameter is associated with the pathological
mechanism of sepsis, which is evident by its correlation with
clinical scores. However, there was no significant difference in
the detection value of phosphatidylserine exposure in patients
with sepsis with clinical outcomes at admission. Levels of
phosphatidylserine in platelets was found to be significantly
lower in survivors than in non-survivors. This suggested
that sepsis aggravated apoptosis of platelets in patients with
different clinical outcomes. Therefore, the potential use of
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platelet phosphatidylserine exposure as a biomarker for prog-
nosis of sepsis needs to be verified with a larger number of
samples.

Because of the limited sample size, the patients and controls
in the present study were not completely matched for sex and
age. However, there were no significant correlations between
patient age or sex and other platelet-associated parameters in
patients with sepsis. Certain reports have indicated that expres-
sion levels of cytokines, such as TWEAK, are correlated with
the sex and age of patients with sepsis (40,41,44). Therefore,
these inconsistencies need to be further evaluated in a study
with a larger number of samples.

In summary, sepsis is a complicated disease due to the
combined effects of bacterial toxins, inflammatory media-
tors, reactive oxygen species and imbalances between energy
supply and demand (1,4-6). Here, the dynamic monitoring of
phosphatidylserine exposure, platelet Mmp-Index values and
plasma Ang-2 levels was effective for prognosis assessment
of sepsis.
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