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Introduction: Because of its high morbidity and mortality, sepsis remains the leading cause
of death in the ICU. Microparticles (MP) have been largely studied as potential diagnostic or
prognostic markers in various diseases including sepsis.

Objective: The biological and clinical relevance of neutrophil-derived microparticles
(NDMPs) within the MP population remains unclear. The objective of this study was to
elucidate the relationship between plasma NDMPs and the prognosis of patients with sepsis
and/or septic shock.

Methods: The study was designed as an observational, noninterventional clinical study.
The cohort for this study included 40 sepsis and 40 septic shock patients together with 10
healthy controls admitted to the Intensive Care Unit (ICU) and the Health Surveillance
Center in the Affiliated Hospital of Guangdong Medical University, Zhanjiang,
Guangdong, China, from January to November 2018, respectively. The degree of critical
disease for sepsis and septic shock was evaluated, with data analyses conducted from
2018 to 2019.

Results: On days 1, 3 and 5 post-admission a series of data including plasma NDMP
levels, patient demographics, TNF-a levels, IL-6 levels, sSTREM-1 levels, and the sepsis
severity score measurements were collected. A survival curve was plotted against levels
of plasma NDMPs. Levels of NDMPs were observed to be higher in the septic shock
patients than in the sepsis patients on days 1, 3, and 5 post-ICU admission (p < 0.05).
NDMP levels were significantly increased in sepsis and septic shock patients with
a parallel increase in pro-inflammatory mediators and sepsis severity score (p < 0.05)
as well as mortality.

Conclusion: Our data suggest that NDMPs may be a biomarker of sepsis severity and
mortality although its implications on sepsis prognosis warrant further study.

Keywords: sepsis, septic shock, cell-derived microparticles, biomarker, prognosis

Introduction

Extracellular vesicles (EVs) including membrane-derived exosomes, ectosomes,
microvesicles, shedding microvesicles, and microparticles (MPs) have considerable
biological functions and can mediate intercellular communication.' Neutrophils
are the first-line immune cells infiltrating into inflamed tissues during acute inflam-
mation and they subsequently produce microparticles (NDMPs) in response to
various inflammatory stimuli. NDMPs (100-1000 nm in diameter) are composed
of proteins, lipids and nucleic acids released from activated or damaged
neutrophils.* ® NDMPs in body fluids can modulate homeostasis and participate
in various pathophysiological processes such as host defense suppression,
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pro-inflammatory effect,”'® and delayed wound healing.''
NDMPs have been implicated in a variety of disease
including host  defense,’

processes inflammatory

responses,” wound healing, lung injury, cancer and
sepsis.'>!'* CD15 can serve as a specific cell surface pro-
tein marker of NDMPs.'*

Sepsis is characterized by a complex disorder that
develops as a dysregulated host response to an infection
and is associated with acute organ dysfunction and
impaired immune response,'> potentially resulting in
multiple organ dysfunction syndrome (MODS), multiple
organ failure (MOF),'® or even death.'” Immune cells
such as neutrophils, macrophages, dendritic cells (DC),
T lymphocytes, regulatory T cells (Tregs), and natural
killer T (NKT) cells can initiate or suppress inflamma-
tion by producing pro-inflammatory cytokines [tumor
necrosis factor (TNF)-a, interleukin (IL)-6] or anti-
IL-10) in
patients."> ' It has been reported that blood biomarkers

inflammatory  cytokines (eg septic
including soluble triggering receptor expressed on mye-
loid cells-1 (STREM-1), procalcitonin (PCT)*° and pre-
sepsin (sCD14)?' can be used to evaluate sepsis severity
and prognosis, but their feasibility is not optimal yet.*
NDMPs may play a role in the development and pro-
gression of sepsis,” but their predictive value for septic
outcome remains unknown. We hypothesize that sepsis
can induce the production of NDMPs, leading to leuko-
cyte inhibition, immunosuppression and poor prognosis.
The aims of our study were to describe the levels of
NDMPs over the course of sepsis and septic shock and
to identity whether levels of NDMPs were related to the
severity of illness (based on Acute Physiology and
Chronic Health Evaluation II [APACHE II] Score, mul-
tiple organ dysfunction syndrome [MODS], mechanical
ventilation time, ICU length of stay [LOS] and total
hospital length of stay [LOS]). The plasma concentra-
tion of NDMPs and pro-inflammatory mediators
(sTREM-1, TNF-a and IL-6) was measured in sepsis
patients, and their correlation with sepsis severity and
mortality was analyzed.

Materials and Methods

Patients’ Enrollment

A sequential sample of 40 sepsis and 40 septic shock
patients together with 10 healthy controls were studied.
They were prospectively enrolled from the Intensive
Care Unit (ICU) and the Health Surveillance Center at

the Affiliated Hospital
University,

of Guangdong Medical
China,
January to November 2018, respectively. Patients were

Zhanjiang, Guangdong, from
followed for 28 days or until death and for purpose of
analysis were grouped as survivors and non-survivors
according to the 28-day all-cause mortality. Relevant
demographic, clinical, and laboratory characteristics
were recorded. Demographic data including age, sex,
primary disease, medical history, laboratory measure-
ments, mechanical ventilation time, ICU and total length
of hospital stay (LOS), and 28-day survival were
recorded; in addition to APACHE II and MODS scores
that were calculated for each patient. Patients were
enrolled within 2448 hours of the first sepsis-induced
organ failure, and samples were taken on day 1, 3, 5 and
7 following the enrollment.

Ethics Statement

The study protocol was approved by the Ethics Committee
of the Affiliated Hospital of Guangdong Medical
University, Zhanjiang (2016-093KT),
informed consent was obtained from patients or their car-

and  written

ing relatives.

Inclusion Criteria

Sepsis was diagnosed and classified using international
guidelines for sepsis and septic shock.>* Sepsis was
defined as an increase in the Sequential (Sepsis-
related) Organ Failure Assessment (SOFA) score of 2
points or more, which was caused by presumed or con-
firmed infection (Sepsis-3).>> In order to confirm the
accuracy of included patients, the septic shock cases
had to meet all three of the following criteria (1) diag-
nosis of septic shock based on ICD-10 code of discharge
diagnosis, (2) criteria of sepsis described by sepsis-3,
and (3) mean arterial pressure (MAP) <65 mmHg with
vasopressor use and serum lactate level >2 mmol/l along
with an antibiotic prescription. Patients with systemic
inflammatory response syndrome were classified as hav-
ing sepsis if they had a suspected or proven microbial
source.

Exclusion Criteria

Patients were excluded if they had a malignant tumor,
immunosuppression or poisoning. Additionally, patients
with organ transplantation, neutropenia, and hematologic
malignancies were excluded.
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Blood Sampling and Handling

Peripheral blood (10 mL) sampling was performed imme-
diately after patients fulfilled sepsis and septic shock cri-
teria and subsequently repeated on days 1, 3, 5, and 7.
Samples for NDMPs and ELISA analysis were collected
from a non-heparinized arterial line directly into tubes
containing EDTA dipotassium salt as an anticoagulant.
Platelet-free plasma was prepared directly in our depart-
ment within one hour of blood collection by centrifugation
(10 minutes at 3000xg) at room temperature. Aliquots
were immediately frozen and then stored at —80°C until
use. Upon analysis, aliquots of platelet-free plasma were
thawed at 37°C in a water bath for 2 minutes and then kept
on wet ice.

Isolation of NDMPs Using Anti-CD 5
Conjugated Microbeads

The isolation of MVs was performed as previously
reported.”® In brief, plasma samples were centrifuged
at 300g at 4°C for 15 min and followed by centrifuga-
tion at 2000g at 4°C for 30 min to remove cellular
debris. The supernatants were centrifuged at 20000g at
4°C for 70 mins to pellet the microparticles (MPs). The
pelleted MPs were then incubated with 10uL of biotin-
anti-CD15 antibody (Milteny Biotech,
Bergisch-Gladbach, Germany) in a 100 pL reaction

conjugated

volume for 2hrs, followed by adding 10 pL of anti-
biotin microbeads (Milteny Biotech) for 15 min. Then
the microbead-labeled MPs from the total MPs suspen-
sion were separated using a DynaMag-2 magnet (Life
technology, Shanghai, China). After an overnight mag-
net separation, the fluid was gently removed and the
microbead-bound MPs were resuspended with 100 pL
particle-free PBS which was filtered through a 20 nm
filter (Anotop 25, Whatman, United
Kingdom). The multi-sort release reagent (Milteny
Biotech) (10 pL) was added to cleave off the microbe-
ads. After 10 min, the sample was brought up to a 250

membrane

puL final volume with filtered PBS, and placed on the
magnet. On the next day, the MPs in the fluid were
collected to be CDI15+ MPs. All isolated MPs were
enumerated using the NTA NS300 system (Malvern,
United Kingdom).

Nanoparticle Tracking Analysis
The NanoSight NS300 (Malvern, United Kingdom) was
used to detect MPs.”’ The NanoSight polystyrene latex

calibration beads, 100 nm and 1000 nm, were used to
check the instrument performance. The camera level was
maintained at 10 for light scatter mode. Data were ana-
lyzed by NTA 3.0 software (Malvern, United Kingdom).

ELISA Assay

Plasma levels of STREM-1 (RayBiotech, Norcross, GA,
USA), TNF-a and IL-6 (NeoBioscience, Wuhan, China)
were determined by ELISA kits according to the manu-
facturer’s protocol.

Statistical Analysis

Measurement data were expressed as means + standard
deviation, dot plot or median and range. Statistical ana-
lysis was carried out with GraphPad Prism 5.0 (San
Diego, CA, USA) and SPSS 22.0 (SPSS, Chicago, IL,
USA). A p-value of <0.05 was considered to be statis-
tically significant. Univariate analysis was performed
using ¢ test, x* test, Spearman correlation, and
Cumulative-survival curves
method.

Receiver operating characteristic (ROC) curves of

Wilcoxon rank sum test.

were estimated with the Kaplan—Meier

NDMPs were constructed.

Results

Ninety-four patients were screened, of whom 14 were
excluded because of immunosuppressant usage (11
cases) and malignant tumors (3 cases). Eighty eligible
patients were classified as sepsis (n = 40) and septic
shock patients (n = 40), and their baseline characteristics
at ICU admission are listed in Table 1. Compared to the
sepsis patients, the WBC count, APACHE II score and
MODS score were significantly higher in the septic
shock patients (p < 0.05).

Nanoparticle Tracking Analysis of the
Plasma NDMPs

The NDMPs can be easily seen after immunostaining
(Figure 1A). The plasma NDMPs were detected in the
healthy controls, sepsis and septic shock patients (Figure
1B-D) by Nanoparticle tracking analysis. The plasma con-
centration of NDMPs in the sepsis and septic shock
patients at ICU admission were significantly higher than
those in healthy individuals (p < 0.05) but they were even
higher in the septic shock patients (Figure 1E).
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Table | The Baseline Characteristics of Sepsis and Septic Shock
Patients at the ICU Admission

Characteristics Sepsis Septic P value
Group Shock
(n=40) Group
(n=40)
Age (years) 6515 69 + 18 Ns
Male/female 25/15 30/10 Ns
Temperature (°C) 382+1.2 | 38909 | Ns
WBC counts (x107/L) 135+62 | 162%7.9 | <00l
APACHE |l score 147 £08 | 178 £0.7 | 0.0085
MODS score 58+ 04 73+03 0.0072
Source of infection (n, %)
Lung 32 (80%) 34 (85%) Ns
Abdomen 15 (37.5%) | 12 (30%) Ns
Blood stream 21(52.5%) | 23 (57.5%) | Ns
Invasive vessel 31(77.5%) | 40(100%) Ns
Skin and soft tissue 9(22.5%) 12(30%) Ns
Other 3(7.5%) 5(12.5%) Ns
Comorbidities
Current smoker 19(47.5%) | 23(57.5%) | Ns
Diabetes 12(30%) 17(47.5%) | Ns
Alcohol intake 7(17.5%) 11(27.5%) | Ns
Hypertension 28(70%) 34(85%) Ns
Coronary disease 14(35%) 19(47.5%) | Ns
Chronic heart failure 18(45%) 23(57.5%) | Ns
Chronic kidney disease 4(10%) 3(7.5%) Ns
Cirrhosis 2(5%) 5(12.5%) Ns
Chronic obstructive pulmonary | 13(32.5%) 17(42.5%) | Ns

NDMPs, TNF-A, IL-6, sTREM-1, PCT and
Clinical Parameters in Sepsis or Septic

Shock Patients

The plasma NDMPs concentration in the septic shock
patients was significantly higher than those in the sepsis
patients during the 1** day to the 5™ day of ICU admission
(p < 0.05). There was no significant difference in the
plasma levels of NDMPs between sepsis and septic
shock patients on the 7™ day (p > 0.05) (Figure 2A).
Compared with the sepsis group, the pro-inflammatory
factors (TNF-a, IL-6, STREM-1), PCT, APACHE 1I score
and MODS score were significantly higher in the septic
shock group from the 1% day to the 7™ day of ICU admis-
sion (p < 0.05) (Figure 2B-G). Mechanical ventilation
time, ICU LOS and total hospital LOS in the septic
shock group were significantly longer than those of the
sepsis group (p < 0.05) (Figure 2H-J).

Relationship Between Plasma NDMPs
Concentration and Pro-Inflammatory

Cytokines and Clinical Outcome Data
The plasma concentration of NDMPs was positively cor-
related with TNF-o (r=0.828, p<0.01), IL-6 (r=0.955,
p<0.001), PCT (r=0.851, p<0.01), sTREM-1 Ilevels
(r=0.831, p<0.01), APACHE 1II scores (r=0.792,
p<0.01), MODS scores (r=0.605, p<0.05), mechanical
ventilation time (r=0.892, p<0.01), ICU LOS (r=0.309,
p<0.05) and total hospital LOS (r=0.933, p<0.001)
(Figure 3A-I). The correlation coefficient of NDMPs
and IL-6 was the greatest among those measured
variables.

The plasma NDMP concentration of all patients on
the post-ICU admission day 1, 3, 5 and 7 was divided
into four groups according to ascending quartile analysis
(Quartiles cut-off points of NDMPs concentration
9.7x10"/mL, 3.55x10%mL, 6.4x10%/mL). The levels of
TNF-0 and PCT were increased significantly with the
increase of NDMPs (p <0.05). The
level of IL-6 showed an increasing trend but did not
reach to a statistical significance (p >0.05). With the
increase of NDMPs concentration, sepsis severity
assessment index (APACHE II score, MODS score and
mechanical ventilation time, ICU LOS and total hospital

concentration

LOS) was also increased significantly (p <0.05) (Figure
4A-D).

Comparison of Various Experimental
Variables Between Survivals and

Non-Survivals

Various variables including the NDMPs, sTREM-I,
TNF-a, IL-6, APACHE II score, MODS score, mechan-
ical ventilation time, ICU LOS, total hospital LOS and
28-day mortality between the survival and non-survival
group were analyzed. When compared with the survi-
vals, the NDMPs, sTREM-1, TNF-a, IL-6, APACHE II
score, MODS score were significantly higher in the non-
survivals from the 1% day to the 7™ day of ICU admis-
sion (p < 0.05) (Figure 5A-G). The 28-day mortality,
mechanical ventilation time, ICU LOS, total hospital
LOS were significantly higher in the non-survivals
than those in the survivals (p < 0.05) (Table 2) (Figure
5H-J).
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Figure | The plasma micro-particles (NDMPs) in healthy controls, sepsis and septic shock patients. (A) Nanoparticle tracking analysis imaging of NDMPs (red arrow). An
example measurement trace of a healthy control group (B), sepsis (C) and septic shock patient (D). (E) Dot plot of plasma NDMPs in healthy individuals, sepsis and septic

shock patients. *P<0.05 and ***P<0.001.

Predictive Value of Plasma NDMPs

Concentration for Mortality

Survival curves were divided among 4 quartiles based
on the plasma NDMPs concentration from low to high
for all patients from the 1% day to the 7™ day of the
ICU admission ranked by ascending quartile method
(the quartiles’ cut-off points of NDMPs concentration
were 9.7x107/mL, 3.55x10%/mL, and 6.4x10%/mL). The
ability to predict mortality by the scoring system was
assessed with receiver operating characteristic (ROC)
curve analysis. The mortality was increased signifi-
cantly with an increase in the plasma NDMPs concen-
tration (Log rank test P=0.006). When compared with
Quartile 1 as a reference, the hazard ratios were 1.746
(0.655-4.653, p=0.279), 2.66 (1.101-6.167, p=0.029)
and 3.723 (1.697-8.165, p=0.002) for Quartile 2,

Quartile 3 and Quartile 4, respectively (Figure 6A).
The sensitivity and specificity of NDMP levels to pre-
dict death with operating characteristic (ROC) curve
analysis (Figure 6B) was given the area under the
curve (AUC) to be 0.77. When the NDMPs concentra-
tion set to be 3.55x10%/mL as the cut-off point, the
sensitivity and specificity were 0.882 and 0.630,
respectively.

Discussion
Microparticles (MPs), cell membrane-derived particles,
play a critical role in both the initiation and develop-
ment of sepsis. There are a number of studies describ-
ing the presence of the endothelial-derived MPs,**3°
platelet-derived MPs,**'**  or

MPs?*3? in cohorts of patients with sepsis or septic

leukocyte-derived

Journal of Inflammation Research 2020:13

submit your manuscript

iz

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al Dove

Bl Sepsis B Septic shock

2x10° B C
x - —
= 150 400 - i
E *k - ,2| - . ok - i 'ﬂ|
71.5%10° ! E o T3 E 300
S 2 100 2
t » e
G 1%109 < 2 200
e ns > [
e x ] 3 50- -
- v © -
g 5%108 = [ N a 100
= [
oL ﬂ‘l 0- 0-
1day 3day 5day 7day 1day 3day 5day 7day 1day 3day 5day 7day
D E F
20+ " - ke -
ik 20009 209 = — i [
i ok = ok fadadd ek
= i m
E 5] — ns % lm — o
E) i 2 1500 £15
g P 8
K] ° 2
s 10 3 1000 2 107
K] - S
= = o
54 . .
o iy 500 < 5
=
[
0- 0- 0-
1 day 3 day 5 day 7 day 1day 3day 5day 7day 1 day 3 day 5 day 7 day
G H |
Ll 5 25+ .
8— '_| o * ke % 20- '—| l—|
i ‘o m E T 201 —1
o &7 § 15 z
o w 154
o - 7]
@ 4 £ 10- S
[
Q S = 101
2 T o
24 g 54 5
©
S
0- g 0- T 0- T
1day 3day 5day 7day Sepsis Septic shock Sepsis Septic shock
J
401
P— Fkk
)
7] 1
301
9 —
s
]
o
L
= 104
°
[
0- T
Sepsis Septic shock

Figure 2 The plasma levels of all measurements and clinical outcomes. NDMPs (A), TNF-o. (B), IL-6 (C), PCT (D), sTREM-1 (E), APACHE Il score (F) and MODS score (G)
on days | (40 cases in sepsis group versus 40 cases in septic shock group), 3 (38 versus 36 cases), 5 (33 versus 30 cases) and 7 (29 versus 25 cases); mechanical ventilation
time (H), ICU LOS (I) and total hospital LOS (J) between sepsis and septic shock groups. Data were mean + SD and analyzed by t-test. *p<0.05, **p<0.01, **p<0.001.

shock. Although neutrophils are the most abundant changes in NDMPs during the early phase of sepsis
immune cells in blood and the first responders to bac- and septic shock were determined and their changes
terial infection, the role of neutrophil-derived MPs correlated with patients’ outcomes were assessed.
(NDMPs) in the development of sepsis or septic A significant increase in plasma NDMP concentration
shock remains undetermined. In the present study, in patients with sepsis and septic shock was found
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when compared with the healthy controls; their con-
centrations in the septic shock patients were even sig-
nificantly higher than those in the sepsis patients.
During the early stage of sepsis, from day 1 to day 5
after ICU admission, levels of NDMPs continuously
increased as the sepsis developed, suggesting that neu-
trophils were activated by microbes and, in turn, pro-
duced NDMPs. As
neutrophils underwent apoptosis and, in turn, generated

abundant sepsis  persisted,
a further increase in NDMPs. A high level of circulat-
ing NDMPs was found to be correlated with poor out-

comes in our study.

Furthermore, we found that APACHE II scores,
MODS scores, mechanical ventilation time, ICU LOS
and total hospital LOS were positively correlated with
NDMPs, suggesting that NDMPs were associated with
the severity of sepsis. Accumulating evidence indicates
that cytokines (ie IL-6, TNF-a), cell surface markers
and soluble receptors (ie STREM-1) play important
roles in sepsis prognosis.>**> Our data also showed
that TNF-a,
sTREM-1 and IL-6 were significantly positively corre-

pro-inflammatory mediators such as

lated with NDMPs, and were increased with a parallel
increase of plasma NDMPs concentration, suggesting
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Figure 4 The correlation between plasma NDMPs concentration and mechanical ventilation time, ICU LOS, total hospital LOS, disease severity and inflammatory factors in
sepsis and septic shock patients. After arranging the plasma NDMPs concentration of all the patients on days 1,3,5,7 by an ascending quartile method (quartiles cutoff points
of NDMPs concentration 9.7x107/mL, 3.55%10%/mL, 6.4x10%/mL), following the gradual increase of NDMPs concentration, the p values from statistical analysis were: (A)
TNF-a p=0.0045, IL-6 p=0.0537, PCT p=0.0128, (B) sTREM-1 p=0.0403, (C) Apache Il Score p<0.001, MODS Score p=0.0486, (D) Mechanical ventilation time p<0.001, ICU

LOS p<0.001, Total hospital LOS p<0.001).

that NDMPs likely promoted the release of pro-
inflammatory mediators. NDMPs can be released from
activated or apoptotic immune cells by sub-lethal or
lethal stimuli. TNF-a’® or bacterial byproducts includ-
ing endotoxin and fMLP'*37 are all potent inducers of
NDMP generation. Thus, the increase of TNF-a, IL-6
and STREM-1 in our patients may be considered to be
mediators to induce the generation of NDMPs. As
TNF-a is a cytokine that predominates in the initial
stages of sepsis, a murine study determined that activa-
tion of either TNF receptor (TNFrl) or TNF receptor 2
(TNFr2)
Inhibition of Caspase 8 diminishes NDMPs generated
through TNFrl activation and inhibition of NF-«xB
abrogates NDMPs generated through activation of
both TNFrl and TNFr2. We conclude that the early
production of TNF-during sepsis can increase NDMP

resulted in increased NDMP numbers.>®

numbers through activation of the Caspase 8 pathway
or NF-xB.

In addition, we also found that the plasma NDMP
concentration in non-surviving patients was signifi-
cantly higher than that in surviving patients, and with
an increase in plasma NDMP concentration, there was
a concomitant increase in sepsis mortality. This may
suggest that NDMPs are closely related to the prog-
nosis of sepsis. The ROC curve analysis showed that
the value of NDMPs to predict mortality of sepsis
patients is considerably high. Previous in vitro
studies'? have reported that NDMPs are phagocytosed
by monocytes which cause amplified activation of the
ingesting leukocytes and deactivation of surrounding
cells. The activation of these cells likely exacerbates
The

NDMPs and apoptosis can lead to fewer immune cells

immune suppression. leukocyte ingestion of
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Figure 5 Comparisons between surviving and non-surviving patients of all measurements and clinical outcomes. Plasma concentration of NDMPs (A), TNF-a (B), IL-6 (C),
PCT (D), sTREM-I (E), Apache Il score (F) and MODS score (G) on days | (54 cases in survival group versus 26 cases in non-survival group), 3 (52 versus 22 cases), 5 (49
versus |7 cases) and 7 (45 versus 14 cases); and mechanical ventilation time (H), and ICU LOS (I) and total hospital LOS (J) in survival and non-survival groups. Data were
mean + SD and analyzed by t-test. ¥p<0.05, **p<0.01, ***p<0.001 compared with sepsis group.

available for mounting an antimicrobial response. MPs

contain phosphatidylserine which is a signal for
phagocytosis®® and once cells ingested NDMPs, they

became activated and their phagocytic ability was

increased. It was found that NDMPs are phagocytosed
by THP-1 cells and they have a divergent effect on the
immune response by activating phagocytic cells and
cells sepsis  in

deactivating  bystander during
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Table 2 Clinical Outcomes in Patients with Sepsis or Septic
Shock

Sepsis Septic Shock | P value

Group Group

(n=40) (n=40)
28-day mortality Il (27.5%) 15 (37.5%) 0.2123
Mechanical ventilation | 8.3 + 0.82 17.30 £ 1.63 <0.001
time (day)
ICU LOS (day) 12.15+0.81 | 20.20 £ 1.54 <0.001
Total hospitalized LOS | 16.9 £ 0.77 | 27.20 + |.65 <0.001
(day)

Abbreviation: LOS, length of stay.

patients.”® In terms of cytokine signaling, NDMPs iso-
lated from septic patients have been shown to activate
JNK1-specific signaling in endothelial cells, leading to
the release of IL-6 and MCP-1.% In a further study, it
was demonstrated that NDMPs caused endothelial cells
to generate IL-6 and IL-8 as well as increased expres-
sion of adhesion molecules.*® A separate study
demonstrated that NDMPs bind to endothelial cells
via CD18, resulting in increased ICAM-1 expression
as well as increased ROS generation by endothelial
cells.*!

NDMPs also caused immune dysfunction in sepsis by
blunting the function of neutrophils and macrophages, and
subsequent increased mortality in a murine model of
sepsis.** Clinically, the exacerbation of immunosuppres-
sion represents a significant risk to the morbidity and
mortality of patients with septic shock.*’

All these indicate that NDMPs are likely involved in
sepsis development and may be considered novel and

rapid biomarkers of the severity of sepsis. Furthermore,
NDMPs also influence the pathophysiology of a disease
during sepsis. A sustained overabundance of NDMPs
can cause an overwhelming acute inflammatory response
which would be detrimental to all vital organs during
sepsis development.

The diagnosis of sepsis and septic shock at the early
stage is essential and any delay in initiating proper
treatments is associated with poor prognosis.**
Therefore, detecting plasma NDMPs immediately after
ICU admission would be helpful for better understand-
ing the severity and prognosis of sepsis and promoting
proper treatments. However, it is acknowledged that all
measurements in this study and clinical outcomes
reported herein are only associations and are within an
observational nature. The cause—effect relationship
among NDMPs, cytokines and patients’ outcome is
unknown. In addition, the relatively small sample size
of this study is another limitation. All these factors
combined mean that caution with regards to the inter-
pretation of this data is needed, though further study in

this area is certainly warranted.

Conclusions

In conclusion, we found that NDMPs together with
pro-inflammatory =~ mediators ~ were  significantly
increased in sepsis and even further increased in septic
shock patients. Those increases were associated with
the severity of sepsis. Plasma NDMPs may be consid-
ered to be a prognostic biomarker of sepsis severity
and mortality but their role in sepsis prognosis war-

rants further study.
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Figure 6 NDMPs vs survival prediction. (A) Patient death among 4 quartiles based on the plasma NDMPs concentration from low to high of all the patients on the post-
admission day 1,3,5 and 7 arranged by the ascending quartile method (Quartiles cut-off points of NDMPs concentration 9.7x107/mL, 3.55% 10%/mL, 6.4% 10%/mL), Log-rank
(Mantel-Cox) test, p=0.0061. (B) ROC curve of the sensitivity and specificity of NDMP levels to predict death in patients with sepsis and septic shock.
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