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Purpose: This study aimed to investigate the changes in endothelial-related biomarkers and their relationship with the incidence and 
prognosis of patients with sepsis after severe trauma.
Methods: A total of 37 severe trauma patients admitted to our hospital from Jan. to Dec. 2020 were enrolled in our research. All 
enrolled patients were divided into the sepsis and the non-sepsis groups. Endothelial progenitor cells (EPCs), circulating endothelial 
cells (CECs), and endothelial microparticles (EMPs) were detected on admission time; 24–48 hours and 48–72 hours after admission 
respectively. Demographic data, Acute Physiology, Chronic Health Evaluation (APACHE) II, and Sequential Organ Failure 
Assessment (SOFA) score were calculated every 24 h of admission to assess the severity of organ dysfunction. Receiver operating 
characteristic (ROC) curves were drawn to compare the areas under the curve (AUC) of endothelial-related biomarkers for the 
diagnosis of sepsis.
Results: The incidence rate of sepsis was 45.95% in all patients. The SOFA score in the sepsis group was significantly higher than that 
in the non-sepsis group (2 points vs 0 points, P<0.01). The number of EPCs, CECs, and EMPs all rose quickly in the early phase after 
trauma. The number of EPCs was similar in both groups, but the number of CECs and EMPs in the Sepsis Group was much higher 
than in the non-Sepsis Group (all P<0.01). Logistic regression analysis showed that the occurrence of sepsis was closely related to the 
expression of 0–24h CECs and 0–24h EMPs. The AUC ROC for CECs in different time periods were 0.815, 0.877, and 0.882, 
respectively (all P<0.001). The AUC ROC for EMPs in 0–24h was 0.868 (P=0.005).
Conclusion: The expression of EMPs was higher in early severe trauma, and high levels of EMPs were significantly higher in 
patients with early sepsis and poor prognosis.
Keywords: sepsis, severe trauma, endothelial cell, biomarkers, prognosis

Introduction
Sepsis, however, is the major cause of death in patients after severe trauma, with mortality rates of 14–60% in different 
reports.1,2 What’s more, sepsis remains a heterogonous syndrome with differing outcomes among patient cohorts and 
subtypes,3,4 especially in the cohort of patients with severe trauma.2 The incidence and outcomes from sepsis caused by 
severe trauma may differ from non-trauma hospitalizations.5 Plenty of studies in sepsis treatment have shown benefits in 
early diagnosis and treatment, which may also curtail the high mortality and cost of care. Sepsis, defined as life- 
threatening organ dysfunction resulting from an altered host response to infection, remains a major challenge for 
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healthcare systems worldwide.6 Early development of effective treatment strategies through rapid and accurate diagnosis 
is a prerequisite for further reducing morbidity and case fatality.7

Sepsis always involves a complicated host response including the activation of several cell types and inflammatory 
mediators. One of the hallmarks is endothelial damage, which may be the critical event in the initiation of sepsis. But 
several clinical studies have shown that the assessment of inflammatory markers in peripheral circulation may not truly 
reflect the status of the endothelial function during the process of sepsis. The results of our former research indicate 
endothelial cellular surrogates such as endothelial progenitor cells (EPCs), circulating endothelial cells (CECs) and 
endothelial microparticles (EMPs) may reflect alterations in endothelial status which could be defined as “biomarkers” of 
endothelial function.8,9 The biomarkers produced by endothelial cell activation and injury can provide important 
information for the clinic’s diagnosis, prognosis, and treatment to improve the prognosis of sepsis.10

Therefore, we designed this research to investigate the changes in endothelial-related biomarkers after severe trauma, 
and whether those could act as a kind of new biomarkers to predict the incidence of sepsis and the prognosis of patients 
with severe trauma.

Patients and Methods
Patients Enrolled
This was a nontherapeutic, observational study in patients with severe trauma (Injury Severity Score (ISS) ≥16) enrolled 
between Jan. 2020 and Dec. 2020 in Shanghai Changhai Hospital, China, which is a tertiary teaching hospital with more 
than 2500 beds serving 1,400,000 outpatients and emergencies each year. The Changhai hospital’s Institutional Review 
Committee on Human Research approved the study protocol (No. CHEC2019-008), and all of the patients provided 
written informed consent.

Eligible patients were ≥18 years and ISS ≥16 evaluated at the first visit to the emergency department of our hospital. 
All enrolled patients were divided into 2 groups: the sepsis group and the non-sepsis group. Sepsis was diagnosed 
according to the sepsis 3.0 diagnostic criteria, including infection (explicit or suspected) and the following indicators:10 

(a) Whole body indicators: body temperature above 38.3 °C or below 36 °C; heart rate greater than 90 beats/min or 
greater than normal heart rate 2 standard deviations; tachypnea, respiratory rate greater than 20 breaths per minute; 
altered mental status; marked edema or positive fluid equilibrium (lasting more than 20 mL/kg for 24 hours); 
hyperglycaemia without diabetes (blood glucose >140 mg/dL or 7.7 mmol/L); (b) Inflammatory indicators: leukocytosis 
(white blood cell count >12,000/μL) or leukopenia (white blood cell count <4000/μL) or normal white blood cell count, 
the proportion of immature white blood cells is greater than 10%; Plasma C-reactive protein greater than normal value 2 
standard deviations; plasma procalcitonin greater than normal value 2 standard deviations; (c) Hemodynamic indicators: 
low arterial pressure (systolic blood pressure (SBP) <90mmHg, mean artery pressure (MAP) <70mmHg, or systolic 
blood pressure decrease in adults > 40mmHg or 2 standard deviations below normal); (d) Organ dysfunction indicators: 
arterial hypoxemia (arterial partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) <300); Acute oliguria; 
elevated creatinine greater than 0.5 mg/dL or 44.2 μmol/L; coagulation abnormalities (international normalized ratio 
(INR) >1.5 or activated partial thromboplastin time thromboplastin time (aPTT) >60s); intestinal obstruction; thrombo-
cytopenia; hyperbilirubinemia; (e) Tissue perfusion indicators: hyperlactic acidemia (>1mmol/L); decreased capillary 
refill or spotted skin.

Exclusion criteria included: (1) expected survival ≤72 h; (2) recent cardiac arrest caused by severe cardiovascular 
diseases; (3) with a history of immunotherapy or malignant tumor; (4) conditions associated with a severe systemic 
inflammatory response other than sepsis. All enrolled patients were divided into 2 cohorts: sepsis (Sequential Organ 
Failure Assessment (SOFA) ≥2) and non-sepsis.

Clinical Treatment and Assessment
All patients with severe trauma were admitted through the emergency department, undergo blood routine examination, 
liver and kidney function tests, blood gas analysis, and receive symptomatic supportive care or surgical treatment 
according to the specific trauma causes. All patients received 24-hour electrocardiographic monitoring to dynamically 
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monitor vital sign changes, record the amount of input and output every 24 hours, and re-examine important laboratory 
examinations such as blood routine, liver and kidney function, and blood gas analysis. All baseline data of patients were 
tested at the time of emergency admission. Medical records were prospectively recorded with standardized evaluation 
forms that included demographic data, Acute Physiology, Chronic Health Evaluation (APACHE) II, and Sequential 
Organ Failure Assessment (SOFA) score, which was calculated every 24 h of admission to assess the severity of organ 
dysfunction. The course of various organ dysfunctions and supportive treatments, including operation, vasoactive and 
ventilator therapies, and renal replacement therapies, were recorded respectively. All patients were followed until death 
or 28 days after discharge.

Blood Samples Collection
Blood samples were collected via a venous catheter with CellSave tubes (Veridex LLC, Raritan, NJ, USA) for 
enumeration of CECs and EMPs, EDTA tubes for culture, and enumeration of EPCs (colony forming units). Samples 
were drawn within 24 h of emergency department admission and 24–48 h and 48–72 h post admission. Samples collected 
into CellSave tubes were processed within 24 h of sample collection. The samples collected into EDTA tubes were kept 
at room temperature and processed within 6 h of blood collection.

Assessment of Circulating EPCs, CECs, and EMPs Levels
Enumeration of circulating EPCs was done using an in vitro culture assay for the assessment of endothelial colony- 
forming cells. The mononuclear cells (MNCs) were isolated by density-gradient centrifugation with Ficoll (1.077 g/mL; 
Sigma) from 4 mL of EDTA-anticoagulated blood. Immediately after isolation, MNCs were washed with phosphate- 
buffered saline (PBS) and resuspended in 4 mL of EPCs growth medium-2 (PromoCell, Heidelberg, Germany), 
supplemented with 10% fetal bovine serum (Hyclone, Logan, UT). Cells were plated on six-well culture dishes coated 
with 2% human fibronectin (Chemicon, Billerica, Massachusetts, USA) at a density of 1 × 106/cm2 and were maintained 
in EPCs growth medium-2 for 2 hours. After 2 hours, nonadherent cells were collected and replated. The culture medium 
was replaced daily and the appearance of ECFCs as well as circumscribed monolayers of cobblestone-like cells was 
monitored with a phase-contrast light microscope on 8th day and reported as EPCs/4 mL of blood.

Peripheral whole blood cells were prepared by a lyse/no-wash procedure and then were evaluated by three-color flow 
cytometric analysis, which could minimize cell loss, making it possible to perform the measurement on all of the CECs in 
the blood samples. We first gated CD45–cells from all cells; then looked for CD146–and CD3–cells on a 2D plot. The 
percentage of CECs was determined as a percentage of total events (after the exclusion of debris, Supplement Figure 1).

A total of 4 mL peripheral blood was centrifuged to obtain platelet-rich plasma (PRP). The supernatant was then 
centrifuged to remove suspended cells to prepare platelet-poor plasma (PPP) for three-color flow cytometric analysis.

The main indicators for detecting EMPs were CD144 (+), CD31 (+), and CD42 (-). EMPs were defined as particles 
≤1.5 μm size bearing endothelial-specific antigens. Values are reported as the percentage of total events as well as 
absolute values per μL of original plasma.

Five samples of 50 μL PPP in a 12×75 mm polypropylene tube were incubated with either 5 μL of anti-CD51-FITC 
(BD Pharmingen, USA), 5 μL of anti-CD31-PE (BD Pharmingen, USA) plus 5 μL of antiCD42b-FITC (AbD Serotec, 
Great Britain) or 5 μL of anti-CD62E-PE (BD Pharmingen, USA) plus 1 μL of Annexin V-FITC (Miltenyi Biotec, 
Germany).

Statistical Analysis
R (version 4.1) was used for statistical analysis. Due to the limited sample size, measurement data (age, hospitalization 
days, ISS score) were presented as median [minimum, maximum]. Fisher’s precision probability test was used for all 
classification data. Wilcoxon rank-sum test was used for measurement data. The Chi-square test is used for the difference 
in expression changes of EPCs, CECs, and EMPs. Univariate and multivariate Logistic regression was used to analyze 
the related factors affecting the occurrence of sepsis, and the variables with clinical significance and P<0.2 in univariate 
regression were included in the multivariate regression analysis. Receiver operating characteristic (ROC) curve analysis 
was used to evaluate the predictive value. P-values <0.05 were considered statistically significant.
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Results
Baseline Characteristics
A total of 37 cases of severe trauma were included in the study, including 28 men and 9 women. The characteristics of 
the patient baseline data were shown in Table 1. There were 17 cases in the sepsis group and 20 cases in the non-sepsis 
group. The incidence of sepsis was 45.95%. The median SOFA score for all cases was 1 point (range 0–5 points), and the 
SOFA score in the sepsis group was significantly higher than that in the non-sepsis group (2 points vs 0 points, P<0.01). 
The mean hospital stays in the sepsis group was 29 days, which was significantly higher than that of 20 days in the non- 
sepsis group (P=0.042). Moreover, the number of platelets was significantly lower in the sepsis group than in the non- 
sepsis group (P=0.004).

Expression Characteristics of Endothelial-Related Biomarkers
The expression of endothelial-related biomarkers were shown in Table 2. The expression of EPCs in both the sepsis and 
non-sepsis groups showed an upward trend in the early 72 hours after trauma. There was no statistically significant 
difference in expression rates between the two groups. The amount of EPCs expression varied significantly between 
groups of cases (Figure 1A). Similarly, the expression of CECs in the sepsis group and the non-sepsis group showed 

Table 1 The Baseline Characteristics of the Patients After Severe Trauma

Sepsis Non-Sepsis All Statistics P-value
N=17 (45.95%) N=20 (54.05%) N=37

Gender / 0.462†

Male 14 (82.35%) 14 (70.0%) 28 (75.68%)

Female 3 (17.65%) 6 (30.0%) 9 (24.32%)
Age (years) 118 0.116#

Median[min, max] 53 [21, 81] 39.5 [22, 82] 47 [21, 82]

Basic disease / 0.462
Yes 3 (17.65%) 6 (30%) 9 (24.32%)

No 14 (82.35%) 14 (70%) 28 (75.68%)

ISS points 164 0.860#

Median [min, max] 17 [16, 31] 17.5 [16, 34] 17 [16, 34]

Hospital days 103 0.042#

Median [min, max] 29 [11, 71] 20 [9, 53] 25 [9, 71]
Heart rate 56 0.015#

Median [min, max] 106 [91, 124] 92.5 [71, 120] 100 [71, 124]

Leukocyte 51 0.090#

Median[min, max] 14.3 [9.3, 18.2] 12.8 [8.5, 17.4] 13.3 [8.5, 18.2]

Neutrophils 53 0.220#

Median[min, max] 0.9 [0.7, 77] 0.8 [0.7, 85.2] 0.8 [0.7, 85.2]
Hemoglobin 57 0.404#

Median[min, max] 92 [56.0, 133.0] 93[78, 129] 92.5[56, 133]

Platelets 112 0.004#

Median[min, max] 79 [45, 196] 202 [102, 310] 135 [45, 310]

Operation / 0.584

No 15 (88%) 19 (95%) 34 (91.9%)
Yes 2 (12%) 1 (5%) 3 (8.1%)

SOFA points 0 <0.001#

Median 2 [2, 5] 0 [0, 1] 1 [0, 5]
Prognosis 0.0057†

Dead 7 (41.18%) 0 (0%) 7 (18.92%)

Alive 10 (58.82%) 20 (100%) 30 (81.08%)

Notes: †Fisher’s precision probability test. #Wilcoxon rank-sum test. 
Abbreviations: ISS, Injury Severity Score; SOFA, Sequential Organ Failure Assessment.
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a significant upward trend in the early traumatic period. Moreover, the number of CECs expressed in the sepsis group 
was significantly higher than that in the non-sepsis group (all P<0.01, Figure 1B). The expression of EMPs increased 
within 72 hours in both groups. The expression of EMPs in 0–24 h in the sepsis group was significantly higher than that 
in the non-sepsis group (P<0.001, Figure 1C).

The Logistic Regression Analyses of Endothelial-Related Biomarkers Expression
The univariate logistic regression analysis showed that the occurrence of sepsis was closely related to the expression of 
0–24h CEC (Odds Ratio (OR): 1.17, 95% Confidence Interval (CI): 1.06–1.29; P=0.002), and the expression of 0–24h 
EMPs (OR: 12.83, 95% CI: 2.16–76.0; P=0.005) (Table 3). The multivariable logistic regression analysis showed that the 
occurrence of sepsis was closely related to the expression of 0–24h EMPs (OR: 9.49, 95% CI: 1.23, 73.10; P=0.031).

The Value of Endothelial-Related Biomarkers Expression Predicting the Occurrence of 
Sepsis
The AUC ROC for CECs in different time periods were 0.815 (95% CI: 0.659–0.971), 0.877 (95% CI: 0.758–0.995), and 
0.882 (95% CI: 0.772–0.993), respectively (all P<0.001 Table 4). The AUC ROC for EMPs in 0–24h was 0.868 (95% CI: 
0.744–0.991, P=0.005, Figure 2).

Table 2 The Expression of Endothelial-Related Biomarkers After 
Severe Trauma

Sepsis (n=17) Non-Sepsis (n=20) P-value#

CECs 0–24H 34.30±1.87 22.70±1.87 0.003

CECs 24–48H 55.60±2.68 38.90±2.47 0.001

CECs 48–72H 90.00±4.35 60.80±4.01 0.001
EPCs 0–24H 1.53±1.07 2.15±1.27 0.608

EPCs 24–48H 2.41±1.37 3.50±2.16 0.486

EPC s48–72H 3.18±2.32 4.40±2.46 0.638
EMPs 0–24H 3.50±0.17 2.34±0.16 <0.001

EMPs 24–48H 5.50±0.28 4.68±0.26 0.562
EMPs 48–72H 7.85±0.32 6.51±0.30 0.061

Note: #Wilcoxon rank-sum test. 
Abbreviations: EPCs, endothelial progenitor cells; CECs, circulating endothelial 
cells; EMPs, endothelial microparticles, H, hours.

Figure 1 Expression characteristics of endothelial-related biomarkers. 
Notes: (A) Differences in expression of the EPCs colonies between the sepsis group and non-sepsis group. (B) Differences in expression of the CECs colonies between the 
sepsis group and non-sepsis group. (C) Differences in expression of the EMPs colonies between the sepsis group and non-sepsis group. EPCs, endothelial progenitor cells; 
CECs, circulating endothelial cells; EMPs, endothelial microparticles; **P < 0.01. 
Abbreviations: n.s, no significance.
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Discussion
Patients with severe trauma have a high probability of developing sepsis. Once sepsis occurs, it is easy to induce multiple 
organ dysfunction syndromes (MODS), which seriously threatens the prognosis of patients. In recent years, it has been 
found that endothelial cell damage and activation may be the core link in the development of sepsis, and play an 
important role in the pathophysiology of sepsis.10 Severe and persistent endothelial changes impair microcirculatory 
blood flow and cause tissue hypoperfusion, leading to life-threatening organ failure.11 In sepsis, vascular endothelial 
injury may be the initial step of the incidence of multi-organ dysfunction caused by sepsis. Therefore, focusing on the 
damage and activation pathways of endothelial cells in sepsis and exploring more intuitive and reliable biomarkers have 
become new targets for the diagnosis and treatment of sepsis.12,13 This study detected biomarkers that reflect endothelial 
function, including EPCs, CECs, and EMPs. We found that the expression of EMPs was significantly elevated in the 
early stages of severe trauma.

A related circulating cell population is EPCs, which originates from the bone marrow, rather than from vessel walls. 
When the body is damaged or stimulated, it can be mobilized to there through blood circulation and promotes the repair 
of vascular endothelial damage through directional differentiation and secretion of cytokines. Guldner et al found that 
expanded endothelial progenitor cells can reduce the release of inflammatory factors such as IL-1β, IL-6, and TNF-α 
in vivo and promote the increase of serum IL-10 levels, thereby reducing vascular damage and lung tissue damage caused 
by inflammation.14 Zahran et al found in clinical trials that the number of endothelial progenitor cells in children with 

Table 3 Regression Analysis of Multiple Factors Affecting the Occurrence of 
Sepsis After Severe Trauma

Variables Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value

Gender
Female 1

Male 2.00 (0.42–9.63) 0.387

Age 1.03 (0.99–1.06) 0.120 0.98 (0.93–1.04) 0.524
ISS points 1.05 (0.91–1.20) 0.504

Basic disease
No 1
Yes 0.5 (0.10–2.41) 0.387

0–24h CECs 1.17 (1.06–1.29) 0.002 1.009 (0.96–1.24) 0.177

0–24h EPCs 0.63 (0.35–1.13) 0.122 0.59 (0.23–1.53) 0.281
0–24h EMPs 12.83 (2.16–76.0) 0.005 9.49 (1.23, 73.10) 0.031

Abbreviations: ISS, Injury Severity Score; EPCs, endothelial progenitor cells; CECs, circulating 
endothelial cells; EMPs, endothelial microparticles; OR, odds ratio; CI, Confidence interval.

Table 4 ROC Curve of Predicting the Occurrence of Sepsis After Severe Trauma

Parameter AUC 95% CI P-value Cut-Off Sensitivity (%) Specificity (%)

0–24h CECs 0.815 0.659–0.971 <0.001 31.3 90.0 76.5
24–48h CECs 0.877 0.758–0.995 <0.001 45.9 85.0 88.2

24–72h CECs 0.882 0.772–0.993 <0.001 88.5 95.0 70.6

0–24h EPCs 0.641 0.467–0.816 0.936 2.5 45.0 76.5
24–48h EPCs 0.635 0.457–0.814 0.926 3.5 45.0 82.4

48–72h EPCs 0.644 0.463–0.825 0.937 4.5 45.0 82.4
0–24h EMPs 0.868 0.744–0.991 <0.001 2.54 80.0 82.4

24–48h EMPs 0.691 0.521–0.873 0.021 5.53 85.0 52.9

48–72h EMPs 0.746 0.576, 0.916 0.006 7.17 80.0 70.6

Abbreviations: ROC, receiver operating characteristic; AUC, areas under the curve; EPCs, endothelial progenitor cells; CECs, 
circulating endothelial cells; EMPs, endothelial microparticles; CI, confidence interval.
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sepsis was negatively correlated with white blood cell count, SOFA score, and CRP level, and positively correlated with 
serum albumin level. At the same time, it was believed that the combination of the number of endothelial progenitor cells 
and the above indicators can indicate the prognosis of children with sepsis.15 Our former research also showed that 
autologous transplantation of EPCs can prevent MODS in vivo.8 The results of this study showed that EPCs were raised 
early in severe trauma, regardless of the development of sepsis. There were differences between the sepsis and non-sepsis 
groups, but the differences were not statistically significant. Moreover, the difference between EPCs expression between 
the two groups of cases was large. We analyzed that this may be related to the low number of EPCs expressions and the 
decline in the number of EPCs expressions in older patients. However, EPCs cannot be identified morphologically alone, 
and their recognition mainly relies on special markers on the cell surface. So far, there is no unified identification 
standard for EPCs. In the physiological state, the content of EPCs in peripheral blood is also very small. At the same 
time, a large number of EPCs have the risk of promoting tumor vascularization and leading to vascular fibrosis, so the 
application of EPCs in the diagnosis and treatment of sepsis needs further research.

The presence of CECs has recently been recognized as a useful marker of vascular damage. Usually absent in the 
blood of healthy individuals, CECs counts are elevated in diseases hallmarked by the presence of a vascular insult, such 
as sickle cell anemia, acute myocardial infarction, Cytomegalovirus (CMV) infection, endotoxemia, and neoplastic 
processes. CECs can be used as an important indicator of sensitive and specific vascular endothelial damage in the human 
body.16 Li et al studied the relationship between CECs and acute myocardial infarction (AMI) and measured the plasma 
levels of CECs in 61 AMI patients, 45 healthy volunteers, and 19 AMI patients who received 1 month of treatment.17 

The results showed that the CECs level of AMI patients was significantly higher than that of healthy volunteers, and the 
CECs level in the blood plasma of AMI patients treated for 1 month was significantly lower than that of untreated. 
Martínez Sales et al studied the relationship between CECs and heart failure, and the results showed that the CECs level 
of heart failure patients was significantly higher than that of healthy people, and the CECs count was increased in the 
acute stage, suggesting that CECs can be used as an indicator to evaluate the progression of heart failure.18 The results of 
this study showed that early CECs were significantly higher in the sepsis group than in the non-sepsis group. Moreover, 
the number of early CECs expressions was closely related to the incidence of sepsis, the score of SOFA, and the 
prognosis of patients. There is also a lack of uniform standards for the phenotypic identification of CECs. Due to the 
separation method and individual differences, there is no gold standard for the number of CECs in healthy people. The 
detection and separation of CECs are expensive and difficult to operate, and it is difficult to apply them to clinical 
practice at present.

Figure 2 Receiver operating characteristic (ROC) curve of predicting the occurrence of sepsis. 
Notes: (A) 0–24h, 24–48h, 48–72h, the ROC curve of CEC expression to predict the occurrence of sepsis. (B) 0–24h, 24–48h, 48–72h, the ROC curve of EMPs expression 
to predict the occurrence of sepsis. 
Abbreviations: ROC, receiver operating characteristic; CEC, circulating endothelial; EMPs, endothelial microparticles.
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Recently, a kind of new endothelial marker associated with vascular dysfunction, EMPs, has been identified.19 EMPs 
are not only a biomarker of endothelial function, elevated EMPs can in turn promote endothelial dysfunction, creating 
a vicious circle. In animal experiments, aortic endothelial diastolic function was significantly reduced in mice receiving 
intravenous EMPs.20 Ci et al also found that EMPs can cause decreased NO production by inhibiting the AKT/eNOS- 
Hsp90 signaling pathway, resulting in endothelial cell dysfunction.21 EMPs can also be used as a biomarker of 
inflammatory response and has a large impact on the pathogenesis of inflammatory diseases. Elevated circulating 
Elevated EMPs were first reported in patients with sepsis due to meningococcal infection.22 Mostefai et al conducted 
a trial on 36 patients with sepsis and 18 healthy controls and found that the level of EMPs in patients with sepsis was 
significantly higher than that in healthy people.23 Studies had confirmed that the EMPs produced by TNF-α stimulation 
can be used as a paracrine mediator to induce an inflammatory response in endothelial cells by upregulating the 
expression of intercellular adhesion molecule-1 and microRNA, while EMPs produced under non-stimulated conditions 
had no effect.24,25 Thus, this suggested that EMPs were both a cause and a consequence of the inflammatory response. In 
addition, EMPs act as a signal for angiogenesis and play a key role in tissue remodeling and angiogenesis by activating 
matrix metalloproteinases involved in extracellular matrix degradation and growth factor release.26 In the study, we found 
that EMPs expression was higher relative to EPCs and CECs, and high levels of EMPs were significantly higher in 
patients with early disease and poor prognosis. A large number of studies also show that EMPs are a new biological 
information transmitter and are closely related to a variety of disease pathological processes.27–29 Therefore, EMPs are 
expected to become an important biomarker of endothelial functional status and disease prognosis.

There were some limitations in our study. First, the data from our study was limited to a single center with a relatively 
small amount of patients. Multi-center studies were also needed to increase the number of study cases in the future. 
Second, our study was conducted only on Asian patients. And the cellular and molecular mechanisms of endothelial- 
related biomarkers in the inflammatory process need to be further studied.

Conclusion
In summary, the expression of EMPs was higher in early severe trauma, and high levels of EMPs were significantly 
higher in patients with early sepsis and poor prognosis. EMPs can be used to evaluate the degree of organ damage, 
predict the prognosis, and provide a new detection method for the clinical assessment of sepsis, and the relevant 
mechanisms that need to be further explored.
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