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Abstract: Chemerin, a novel adipokine, is a potent chemoattractant molecule with antimicrobial
properties, implicated in immune responses. Our aim was to investigate circulating chemerin and
its kinetics, early in sepsis in critically ill patients and its association with severity and prognosis.
Serum chemerin was determined in a cohort of 102 critically ill patients with sepsis during the first
48 h from sepsis onset and one week later, and in 102 age- and gender-matched healthy controls.
Patients were followed for 28 days and their outcomes were recorded. Circulating chemerin was sig-
nificantly higher in septic patients at onset compared to controls (342.3 + 108.1 vs. 200.8 £ 40.1 ug/L,
p <0.001). Chemerin decreased significantly from sepsis onset to one week later (342.3 £ 108.1 vs.
308.2 £ 108.5 ug/L, p < 0.001), but remained higher than in controls. Chemerin was higher in patients
presenting with septic shock than those with sepsis (sepsis onset: 403.2 £ 89.9 vs. 299.7 + 99.5 ug/L,
p <0.001; one week after: 374.9 & 95.3 vs. 261.6 & 91.9 ug/L, p < 0.001), and in nonsurvivors than
survivors (sepsis onset: 427.2 + 96.7 vs. 306.9 &+ 92.1 ug/L, p < 0.001; one week after: 414.1 & 94.5 vs.
264.2 +79.9 ug/L, p < 0.001). Moreover, patients with septic shock and nonsurvivors, presented a
significantly lower absolute and relative decrease in chemerin one week after sepsis onset compared
to baseline (p < 0.001). Based on ROC curve analyses, the diagnostic performance of chemerin (AUC
0.78, 95% CI 0.69-0.87) was similar to C-reactive protein (CRP) (AUC 0.78, 95% CI 0.68-0.87) in
discriminating sepsis severity. However, increased chemerin at sepsis onset and one week later was
an independent predictor of 28-day mortality (sepsis onset: HR 3.58, 95% CI 1.48-8.65, p = 0.005; one
week after: HR 10.01, 95% CI 4.32-23.20, p < 0.001). Finally, serum chemerin exhibited significant
correlations with the severity scores, white blood cells, lactate, CRP and procalcitonin, as well as with
biomarkers of glucose homeostasis, but not with cytokines and soluble urokinase-type plasminogen
activator receptor (suPAR). Circulating chemerin is increased early in sepsis and its kinetics may have
diagnostic and prognostic value in critically ill patients. Further studies are needed to shed light on
the role of chemerin in sepsis.
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1. Introduction

Chemerin, a recently characterized adipokine, is a biologically active molecule exerting
cytokine-like actions, secreted mainly by the adipose tissue [1]. Chemerin is also produced
by the liver, the skin, the pancreas, the adrenal gland, the kidney and the lung, as it is
expressed by numerous cells besides adipocytes: hepatocytes, fibroblasts, and epithelial
cells [2]. Prechemerin (the inactive form of chemerin) is activated by the inflammatory and
coagulation serine proteases through cleavage of its C-terminus [3,4].

As an adipokine, chemerin is involved in adipogenesis and glucose homeostasis by
regulating metabolism in the adipose tissue, the liver and the skeletal muscles, and it is
associated with obesity and insulin resistance [1,5-7]. It is also involved in myogenesis and
angiogenesis, with implications for tumor growth [8-12]. However, chemerin had been
injtially described as an immunomodulatory molecule, which acts as a potent chemotactic
factor for macrophages, natural killer cells and immature dendritic cells [4,9,13,14]. These
immune cells express the chemerin receptor CMKLR1 (chemokine-like receptor 1) on their
surface and respond to chemerin binding with integrin activation, calcium signaling and
alteration of their functional status, which result in chemotaxis to sites of tissue injury or
inflammation and in the initiation of an appropriate immune response (pro-inflammatory
or anti-inflammatory), depending on the local milieu [9,13,14]. Experimental evidence
supports a versatile role for chemerin in coordinating early immune responses, similar to a
context dependent role of chemerin in various cancers [15]. Chemerin has been shown to
stimulate macrophage adhesion to extracellular matrix proteins and adhesion molecules
in vitro, in a murine experimental study [16]. This finding suggests that chemerin may
enhance inflammation through recruitment and retention of macrophages at the sites
of inflammation. Chemerin has also been shown to inhibit neutrophil recruitment and
secretion of pro-inflammatory cytokines and chemokines in an animal model of acute
lung injury, demonstrating potent anti-inflammatory actions [17]. Additionally, in this
study chemerin increased recruitment of alveolar macrophages, which are implicated in
the regulation of local immune homeostasis by exerting immunosuppressive actions. Thus,
chemerin may play a key role in the regulation of immune responses, presenting variable
pro- or anti-inflammatory activity in different clinical scenarios. Furthermore, experimental
evidence suggests that inflammatory mediators such as interleukin 13 (IL-1f3), tumor
necrosis factor alpha (TNFw), interferon y (IFNvy) and lipopolysaccharide (LPS) induce
chemerin expression by adipocytes, hepatocytes and epithelial cells [9,18,19]. Finally,
chemerin has been shown to exert antimicrobial properties, inhibiting bacterial growth
after activation by host-derived, as well as pathogen-derived proteases [20-24].

Animal studies have demonstrated a multifaceted role of chemerin in the pathogenesis
of various inflammatory diseases: a protective role in animal models of LPS-induced lung
injury, viral pneumonia, and peritonitis, but a detrimental effect in chronic obstructive pul-
monary disease and autoimmune encephalomyelitis [2,9,17,25-27]. Clinical studies have
also revealed that chemerin is increased in inflammatory and autoimmune diseases [6,28,29].
Circulating chemerin was recently shown to increase in an animal model of peritoneal infec-
tion and a high-fat diet, as well as in patients with peritoneal sepsis, being associated with
biomarkers of glucose homeostasis, insulin resistance, sepsis severity and prognosis [30].

Various adipokines, i.e., hormones derived mainly from the adipose tissue, exert
immunomodulatory actions, being implicated in the inflammatory response during sep-
sis [31-34]. Previous studies have highlighted that circulating adipokines are altered
during sepsis in critically ill patients and may serve as diagnostic and prognostic biomark-
ers [35-43]. However, chemerin has not been thoroughly studied in sepsis. We hypoth-
esized that circulating chemerin is altered during sepsis and may be associated with its
severity and prognosis. Therefore, the aim of our study was to: (1) evaluate serum chemerin
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levels in critically ill patients with sepsis at onset compared to healthy controls; (2) investi-
gate chemerin’s kinetics during the first week of sepsis; (3) examine its relationship with
clinical and inflammatory biomarkers; and (4) explore the diagnostic and prognostic value
of chemerin and its kinetics.

2. Materials and Methods
2.1. Study Population and Protocol

This was a prospective observational study that was conducted in the mixed adult
intensive care unit (ICU) of a tertiary teaching hospital from August 2013 to July 2015. The
study protocol conformed to the Declaration of Helsinki and its successive amendments
and was approved by the Scientific and Ethics Committee of the hospital (#587/10-04-2013).
All study participants or their next of kin provided informed consent.

Consecutive adult (>18 years) critically ill patients with new onset sepsis (within 48 h)
were enrolled in the study. Patients were enrolled according to the previously established
consensus definition for sepsis [44]. However, after completion of enrollment, a new
consensus for sepsis and septic shock definitions was reached, named SEPSIS-3 [45]. In
order to correctly present the characteristics of our study population according to currently
used criteria, we recategorized the study population based on prospectively recorded
clinical and laboratory data, i.e., the SOFA score, lactate, hypotension, need for fluid
resuscitation and vasopressors and signs of organ dysfunction. Since our study population
included only critically ill patients, all patients presented with organ dysfunction at sepsis
onset. Therefore, no patient was excluded from the study after applying SEPSIS-3 definition
criteria. Patients who were discharged from the ICU or died in less than a week from
inclusion in the study were excluded. Patients younger than 18 years of age, pregnant
patients, those receiving total parenteral nutrition or had a history of endocrinopathy, liver
disease, malignancy or immunosuppression were also excluded from the study. A total of
one hundred and sixty seven consecutive critically ill patients with new onset sepsis were
admitted to the ICU during the study period. After excluding 65 patients, according to
the pre-specified exclusion criteria, we included 102 patients (57 men, 45 women, mean
age: 64.7 £ 15.6 years) (Figure 1). Demographic, clinical and routine laboratory data were
recorded. All patients were followed for 28 days after enrollment.

The control group consisted of 102 healthy subjects (57 men, 45 women, mean age:
66.4 £ 10.3 years). These were healthy, non-pregnant adults with no history of endocrinopa-
thy, liver disease, malignancy or immunosuppression, who visited the outpatient laboratory
department for routine checkup. Healthy controls were selected to be gender- and age-
matched (&£ 5 years) to every eligible case enrolled. The detailed study protocol has been
previously published elsewhere [36,38,43].

2.2. Laboratory Analysis

Upon enrollment, blood samples were collected from patients and healthy controls,
as well as from patients one week after enrollment. Serum was retrieved from whole
blood specimens by centrifugation and was stored at —80 °C. Determination of chemerin
concentration in serum was conducted in duplicate by an immunoenzymatic method
with a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Human
Chemerin, BioVendor, Brno, Czech Republic, RD191136200R), with a sensitivity of 0.1 ug/L,
<8.3% intra-assay coefficient of variation (CV), and <7% inter-assay CV. It is important to
mention that this immunoassay cannot distinguish between the various forms of inactive
or active chemerin. Homeostasis model assessment score of insulin resistance (HOMA-IR)
was calculated by the formula: fasting serum insulin (tU/mL) X fasting serum glucose
(mmol/L)/22.5. Determination of metabolic, inflammatory and coagulation parameters, in-
terleukins (IL) IL-1f3, IL-6, IL-10 and soluble urokinase-type plasminogen activator receptor
(suPAR) was conducted by ELISA (eBiosciences, San Diego, CA, USA and suPARnostic™,
ViroGates, Lyngby, Denmark), as previously described [36,38,46-51].
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167 adult critically ill patients with
new onset sepsis were recruited

29 patients were excluded due to
endocrinopathy (17), malignancy
(7) and immunosuppression (5)

138 eligible patients

23 patients died within less
than a week from enroliment

13 patients were discharged
from the ICU in less than a
week from enroliment

102 patients were included
in the study

Figure 1. Flowchart of the study population.

2.3. Statistical Analysis

We analyzed data employing the chi-square test for categorical variables; ¢-test and
paired t-test for normally distributed variables; and Mann-Whitney U and Wilcoxon
matched pair tests for non-normally distributed variables. The normality hypothesis was
tested using the Shapiro-Wilk test. Spearman correlation coefficients (r) were used as
measures of correlation for continuous variables. Survival curves were derived using the
Kaplan-Meier method, and comparisons were performed employing the log rank test. The
discriminating power of used biomarkers in distinguishing sepsis category and mortality
prediction was evaluated by receiver operating characteristic (ROC) curves. Finally, in
order to discern the independent laboratory predictors of 28-day mortality, a multivariate
Cox-regression analysis was performed, adjusting for acute physiology and chronic health
evaluation (APACHE) II as designed a priori, and statistically significant inflammatory
biomarkers. Due to the small number of nonsurvivors, it is impossible to include all
significant clinical and laboratory variables in the regression model. APACHE II represents
the most widely used ICU mortality prediction score, taking into account 12 admission
physiologic variables, including among others, patient’s age, white blood count, creatinine,
electrolytes, etc., [52]. Based on previous studies on adipokines [11,36,43], we calculated
that we required a total sample size of at least 200 participants to achieve 95% power at the
0.05 level of significance, in order to detect a 25 pg/L difference in circulating chemerin.
A two-sided p value of less than 0.05 was considered significant. The statistical package
IBM-SPSS® version 24 for Windows (IBM Corp., Armonk, NY, USA) was used for the
analysis of the study.
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3. Results
3.1. Baseline Demographic, Clinical and Laboratory Data in Patients and Controls

The baseline characteristics and main laboratory data of patients and controls are
summarized in Table 1. Upon enrollment, sixty patients had sepsis and 42 had septic
shock, according to the SEPSIS-3 criteria. The patients consisted of 61 medical cases (60%),
29 surgical cases (28%) and 12 trauma cases (12%). The site of infection causing sepsis
was pulmonary (35%), abdominal (24%) and other (pyelonephritis, complicated skin and
soft tissue infections, bacteremia, meningitis, and infectious endocarditis). The causative
pathogens were Gram negative bacteria in 60%, Gram positive bacteria in 23% and fungi
in 17% of the 60 cases where a pathogen was isolated. Thirty patients (29.4%) died within
28 days from inclusion in the study. Patients and controls did not differ in age, gender
and BMI, as shown in Table 1. However, hemoglobin concentration and platelets were
lower, while white blood cells were higher in patients than controls. Regarding metabolic
biomarkers, serum albumin and total protein were lower, and serum glucose, insulin
and HOMA-IR were higher in patients than controls. The coagulation indices were also
significantly higher in patients compared to controls.

Table 1. Clinical and laboratory baseline variables * of patients and controls (1 = 204).

Patients Controls

Parameters (1 = 102) (= 102) p-Value

Age ?, years 64.7 £15.6 66.4+ 10.3 0.35

Gender, male, n (%) 57 (55.9) 57 (55.9) 0.56

BMI 2, kg/m? 299 £85 28.1 £ 5.01 0.06
Septic shock, n (%) 42 (41.2) -
Death before 28 days, n (%) 30 (29.4) -

Severity scoring

APACHEII @ 23+72 -
SOFA 2 10 £33 -

Hematologic parameters

Hemoglobin ?, g/L 93 4+ 20 1479 + 16.3 <0.001
White Blood Cells @ x 10°/L 141+ 84 697 £1.8 <0.001
Platelets @ x 10° /L 216.2 +118.8 243.8 + 46.9 0.03
Metabolic biomarkers
Albumin ?, g/L 246 +59 46.7 £ 5.6 <0.001
Lactate ®, mmol/L 2.1 (1-9) -

Creatinine 2, umol/L 123.76 + 70.72 74.26 + 12.38 0.08
Total Protein @, g/L 50+ 9 71+ 4.2 <0.001
Glucose #, mmol/L 797 £29 532+ 1.16 <0.001

Insulin ?, pmol/L 197.9 (88.2-402.8) 73.13 (22.2-430.2) <0.001
HOMA-IR P 8.9 (3.24-34.5) 2.3 (0.65-23.5) <0.001

Coagulation indices
Prothrombin time 2, sec 143 +£47 119+£0.8 <0.001
aPTT 2, sec 389+94 344473 <0.001

Fibrinogen 2, umol/L 14.49 £ 5.26 9.06 = 1.3 <0.001

Inflammatory biomarkers
CRP®, mg/L 132 (7-431) - -
Procalcitonin ?, ug/L 0.9 (0.1-100) - -
IL-18 b, ng/L 5.9 (5.9-206) - -
IL-6° ng/L 27.4 (6-444) - -
IL-10°, ng/L 5 (5-300) - -
suPAR®, ug/L 13 (2.1-16.8) - -
Chemerin ?, ug/L 342.3 +108.1 200.8 £+ 40.1 <0.001

* Values of normally distributed variables are reported as mean + SD, and those of non-normally distributed
variables are reported as median (range). Abbreviations: APACHE II, acute physiology and chronic health
evaluation score; aPTT, activated partial prothrombin time; BMI, body mass index; CRP, C-reactive protein;
HOMA-IR, homeostasis model assessment of insulin resistance; IL, interleukin; SOFA, sequential organ failure
assessment score; suPAR, soluble urokinase-type plasminogen activator receptor. * Mean =+ SD, b Median, range.
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3.2. Circulating Chemerin in Patients and Controls

At enrollment, critically ill patients with sepsis had a significantly higher serum
chemerin than healthy controls (342.3 &= 108.1 vs. 200.8 £ 40.1 ug/L, p < 0.001) (Table 1).
During the first week from sepsis onset, serum chemerin presented a significant decrease
in all patients (342.3 £ 108.1 vs. 308.2 & 108.5 ug/L, p < 0.001) (Figure 2). However, serum
chemerin was still significantly higher in septic patients than controls, one week after
sepsis onset (p < 0.001). Chemerin exhibited similar kinetics with C-reactive protein (CRP).
Figure 3 portrays the graphical trend of changes over time of circulating chemerin and CRP
(from enrollment to day 7).

700
600— .
500 —
)
=
=)
= 400
c
= P
@
£ 300 —
@
=
o
200 —
100—
0 T T T
controls patients at patients one week
enrollment after enrollment

Figure 2. Box plots of circulating chemerin in healthy controls and in septic patients at enrollment
and one week after. At enrollment, septic patients present a significantly higher mean level of
chemerin than controls (342.3 £ 108.1 ug/L vs. 200.8 4= 40.1 ug/L, p < 0.001). Circulating levels of
chemerin in septic patients decrease significantly one week after enrollment (342.3 + 108.1 pug/L vs.
308.2 + 108.5 pg/L, p< 0.001).

700.00 . . . +— 500.00
600.00 -
- 400.00
500.00 -
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- 100.00
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Figure 3. Graphical trend of changes over time of circulating chemerin and C-reactive protein (CRP)
(from enrollment to day 7).
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3.3. Circulating Chemerin According to Sepsis Severity

Serum chemerin was higher in patients presenting with septic shock at enrollment
compared to those with sepsis, both at sepsis onset (p < 0.001) and one week later (p < 0.001)
(Table 2). Chemerin kinetics were similar in both groups of patients, presenting a significant
decrease during the first week from sepsis onset. However, patients with sepsis presented
a significantly higher decrease in serum chemerin compared to patients with septic shock
(Achemerin% 12.9 £ 5.8% vs. 7.4 £ 6.4%, p < 0.001). ROC curves were generated for
chemerin and other inflammatory biomarkers which differed significantly between patients
with sepsis and those with septic shock at enrollment (Figure 4). Circulating chemerin and
CRP at sepsis onset outperformed procalcitonin, IL-6, IL-10 and suPAR in discriminating
sepsis from septic shock (Table 3).

Table 2. Major laboratory biomarkers * of patients with sepsis and septic shock, at baseline and one
week after enrollment (n = 102).

At Enrollment One Week after Enrollment
Laboratory Biomarkers (ieleos) Se}():i ilzl;) ck p-Value (iefsgos) Sel():: ?1121;) ck p-Value
Hematologic indices
White Blood Cells @ x 10°/L 125+59 16.3 £10.7 0.02 85+32 16.2 £11.1 <0.001
Platelets * x 10°/L 2304 £117.6 195.8 +-118.8 0.15 252.7 +120.3 174.6 £97.9 0.001
Markers of organ dysfunction
Albumin @, g/L 26 £5.6 226+57 0.004 2511438 225+42 0.005
Lactate ®, mmol/L 1.2 (1-5) 2.4(2.1-9) <0.001 1(1-2.7) 1.9 (0.7-19) <0.001
Inflammatory biomarkers
CRP®, mg/L 89 (7-218) 174 (36-431) <0.001 55 (8-282) 101 (13-253) 0.01
Procalcitonin °, ug/L 0.7 (0.09-47.7) 4.8 (0.14-100) 0.002 0.5 (0.06-15) 1.4 (0.14-83) 0.001
IL-18 ®, ng/L 5.9 (5.9-207) 8.8 (5.9-44.8) 0.18 17 (5.9-499) 8.8 (5.945) 0.13
IL-6°, ng/L 16.5 (6-385) 74.4 (10-444) 0.001 25 (4.6-419) 20.5 (6-487) 0.34
IL-10°, ng/L 5 (5-300) 6.9 (5-87) 0.001 5 (5-300) 5 (5-66) 0.02
suPAR P, ug/L 10.5 (2.2-16.8) 14.1 (4.4-16.8) 0.04 11.3 (2.6-16.8) 12.9 (5.2-16.8) 0.68
Chemerin ?, ug/L 299.7 £99.5 403.2 £ 89.9 <0.001 261.6 £91.9 3749 £95.3 <0.001
* Values of normally distributed variables are reported as mean + SD, and those of non-normally distributed
variables are reported as median (range). Abbreviations: CRP, C-reactive protein; IL, interleukin; suPAR, soluble
urokinase-type plasminogen activator receptor. * Mean + SD, b Median, range.
Table 3. Receiver operator characteristic curve analysis to ascertain the optimum cutoff value of
major circulating biomarkers at enrollment in order to discern sepsis from septic shock in 102 patients
with sepsis.
, Positive Negative
Biomarkers AUC (95% CI)  p-Value  Sensitivity Specificity Y(;uden S Cutoff Predictive Pre?lictive
ndex Value
Value Value
Chemerin  0.78 (0.69-0.87) <0.001 71.4% 70% 0.41 362.8 ug/L 62.5% 77.8%
CRP 0.78 (0.68-0.87) <0.001 80% 69% 0.49 132 mg/L 64.4% 83.1%
Procalcitonin 0.71 (0.60-0.81) 0.001 60% 82.8% 0.43 4.30 ug/L 70.9% 74.7%
IL-6 0.69 (0.58-0.79) 0.001 70% 62.1% 0.32 24.50ng/L 56.4% 74.7%
IL-10 0.68 (0.57-0.79) 0.003 60% 82.8% 0.43 5.88ng/L 70.9% 74.7%
suPAR 0.64 (0.53-0.75) 0.02 75% 58.6% 0.34 11.79 ug/L 55.9% 77%

Abbreviations: AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; IL, interleukin; suPAR,
soluble urokinase-type plasminogen activator receptor.
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Figure 4. Area under the receiver operating characteristic curve (AUROC) distinguishing sepsis from
severe sepsis in 102 patients with sepsis. Based on Table 3, circulating chemerin (AUROC > 0.78) and
C-reactive protein (AUROC > 0.78) at enrollment outperform procalcitonin (AUROC > 0.71), IL-6
(AUROC > 0.69), IL-10 (AUROC > 0.68) and suPAR (AUROC > 0.64) in distinguishing sepsis from
septic shock.

3.4. Circulating Chemerin and Mortality

Circulating chemerin was significantly higher in nonsurvivors compared to survivors
at enrollment as well as one week later, as shown in Figure 5 (p < 0.001). Regarding kinetics,
both groups of patients presented a significant decrease in chemerin levels during the
first week of sepsis (p < 0.001). However, survivors exhibited a greater mean decrease in
chemerin (42.7 £22.2 ug/Lvs. 13.2 £11.3 ug/L, p <0.001), and a greater percentage change
from baseline (Achemerin% 13.8 &= 5.1% vs. 3.1 4= 2.4%, p < 0.001) compared to nonsurvivors
The Kaplan—Meier survival curves showed that patients with lower circulating chemerin
at sepsis onset presented improved survival, with the cutoff value of chemerin being
392.5 ng/L (Figure 6A). Additionally, patients with a higher percentage change (decrease)
compared to baseline in chemerin levels during the first week of sepsis had improved
survival at 28 days, with the cutoff value of percentage change estimated at 6.5% (Figure 6B).

Unadjusted Cox regression analyses showed that chemerin at enrollment (HR: 1.013,
95% C.I. 1.009-1.018, p < 0.001) and one week after was significantly associated with
mortality at 28 days after sepsis onset (HR: 1.015, 95% C.I. 1.01-1.02, p < 0.001). After
adjustment for the APACHE II score, higher chemerin at enrollment was an independent
predictor of 28-day mortality (HR 3.58, 95% C.I. 1.48-8.65, p = 0.005). One week after
enrollment, higher chemerin was also an independent predictor of mortality (HR: 10.01,
95% C.I. 4.32-23.20, p < 0.001) (Table 4). Noteworthy, IL-6 at enrollment and one week after,
but not CRP at enrollment, was also independently associated with mortality.
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Figure 5. Box plots of circulating chemerin at enrollment and one week after stratifying by 28-day
mortality status. At enrollment, septic patients present a significantly higher mean level of chemerin
(342.3 £+ 108.1 ug/L vs. 200.8 + 40.1 ug/L, p < 0.001) than controls (C). Circulating levels of
chemerin are significantly higher in nonsurvivors (NS) than survivors (S) septic patients both at
enrollment (427.2 +96.7 pg/Lvs. 306.9 £ 92.1 ug/L, p < 0.001) and one week after (414.1 + 94.5 ug/L
vs. 264.2 +79.9 ug/L, p < 0.001). Additionally, the decrease in serum chemerin one week after enroll-
ment is significant in both groups of patients (p < 0.001 for both S and NS). Finally, the mean difference
between serum chemerin at enrollment and one week after is higher in S than NS (42.7 + 22.2 ug/L
vs. 13.2 +11.3 ug/L, p < 0.001).

Table 4. Multivariate Cox regression analyses results for the independent laboratory predictors of
mortality (expressed as quartiles) adjusting for APACHE II score in 102 septic patients.

b SEy, Wald df p-Value HR 95% for C.I.
Independent Inflammatory Laboratory Predictors at Enrollment
Chemerin 1.27 0.45 8.01 1 0.005 3.58 1.48-8.65
CRP 0.23 0.19 1.42 1 0.23 1.26 0.86-1.85
IL-6 0.38 0.18 4.32 1 0.03 1.46 1.02-2.09
APACHEII 1.37 0.49 7.81 1 0.005 3.94 1.51-10.29
Independent Inflammatory Laboratory Predictors at Day 7
Chemerin 2.30 0.43 28.8 1 <0.001 10.01 4.32-23.20
CRP 0.41 0.21 3.96 1 0.04 1.51 1.006-2.27
IL-6 0.83 0.21 16.02 1 <0.001 2.29 1.53-3.45
APACHEII 1.01 0.27 14.63 1 <0.001 2.78 1.64-4.66

Abbreviations: APACHE II, acute physiology and chronic health evaluation II; b, regression coefficient; CI,
confidence interval; CRP, C-reactive protein; df, degree of freedom; HR, hazard ratio; IL-6, interleukin 6; SE,,,
standard error of b.
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Figure 6. Kaplan-Meier estimates of mortality in 102 septic patients (A) Kaplan—-Meier estimates
of mortality based on serum chemerin at enrollment cutoff values obtained via ROC analysis (log
rank test: 42.15, p < 0.001). (B) Kaplan—-Meier estimates of mortality based on absolute percentage
change of serum chemerin from baseline cutoff values obtained via ROC analysis (log rank test: 111.4,
p <0.001).

3.5. Correlations between Chemerin and Other Biomarkers

Table 5 depicts Spearman correlations between serum chemerin and biomarkers of
sepsis. Circulating chemerin presented significant positive correlations with the severity
scores APACHE II and SOFA both at sepsis onset and one week after, being stronger at
sepsis onset (Figure 7). Chemerin also exhibited positive correlations with white blood cells
and lactate, but a negative correlation with total protein and albumin at enrollment and
one week later. Additionally, chemerin correlated significantly with glucose, insulin and
HOMA-IR at enrollment. Of note, chemerin presented a strong positive correlation with
BMI in the control group (r = 0.51, p < 0.001). However, this correlation is of borderline
significance in septic patients (Table 5). Chemerin was significantly associated with pro-
thrombin and activated partial thromboplastin only at enrollment, but not with fibrinogen.
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Regarding inflammatory biomarkers, chemerin showed a significant positive correlation
with CRP and procalcitonin only at sepsis onset. This correlation was stronger with CRP
than procalcitonin. Finally, we did not find any significant association of chemerin with
IL-1p3, IL-6, IL-10 or suPAR.

Table 5. Spearman correlation coefficients of circulating chemerin with severity scores and laboratory
biomarkers in septic patients at enrollment and one week after (n = 102).

. At Enrollment One Week after Enrollment
Variables
r P r P
Clinical scoring
APACHE II 0.48 <0.001 0.36 <0.001
SOFA 0.49 <0.001 0.35 <0.001
Hematologic indices
Hemoglobin 0.01 0.93 —0.09 0.38
White Blood Cells 0.24 0.01 0.21 0.03
Platelets —0.06 0.55 —0.38 <0.001
Biomarkers of organ dysfunction
Albumin —0.28 <0.01 —0.31 0.001
Lactate 0.57 <0.001 0.35 <0.001
Creatinine 0.31 0.001 0.16 0.11
Metabolic parameters
Total protein -0.32 0.001 —0.46 <0.001
Glucose 0.26 0.02 - -
Insulin 0.43 0.03 - -
HOMA-IR 0.47 <0.001 - -
BMI 0.19 0.06 - -
Coagulation biomarkers
Prothrombin time 0.34 <0.001 0.11 0.27
aPTT 0.39 <0.001 0.15 0.13
Fibrinogen 0.04 0.67 -0.11 0.28
Inflammatory biomarkers
CRP 0.44 <0.001 —0.06 0.57
Procalcitonin 0.226 0.02 0.16 0.11
IL-1B 0.08 0.4 —0.11 0.3
IL-6 0.14 0.16 —0.10 0.32
IL-10 0.16 0.12 —0.08 0.45
suPAR 0.09 0.39 0.08 0.45

Abbreviations: APACHE II, acute physiology and chronic health evaluation score; aPTT, activated partial throm-
boplastin time; BMI, body mass index; CRP, C-reactive protein; HOMA-IR, homeostasis model assessment of
insulin resistance; IL, interleukin; SOFA, sequential organ failure assessment score; suPAR, soluble urokinase-type
plasminogen activator receptor.
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Figure 7. Circulating chemerin is significantly associated with APACHE II and SOFA scores at sepsis
onset in 102 critically ill septic patients.

4. Discussion

In this prospective study, we explored circulating chemerin, a novel adipokine, and
its kinetics in critically ill patients with sepsis, during the first week from sepsis onset. We
found that chemerin was significantly higher compared to healthy controls, with more
elevated values in septic shock than sepsis and in nonsurvivors than survivors. Regarding
kinetics, serum chemerin decreased one week after sepsis onset in all patients, but this
decrease was greater in those presenting with sepsis than septic shock, and in those who
survived for 28 days than nonsurvivors. The key finding of our study is that higher
circulating chemerin at sepsis onset, as well as sustained elevation of chemerin during the
first week of sepsis was associated with the severity of sepsis and the 28-day mortality. Of
note, circulating chemerin at sepsis onset and one week later was an independent predictor
of 28-day mortality after adjustment for APACHE II score, which is a well-established
mortality prediction score for critical illness [52].

To the best of our knowledge, this is the first study to investigate circulating chemerin
and its kinetics during the early phase of sepsis in critically ill patients. There is only one
small prospective study of 14 patients with peritoneal sepsis that demonstrated increased
circulating chemerin compared to controls, and association of chemerin with sepsis severity,
in agreement with our findings [30]. In the same study, the findings were also confirmed in
a murine model of sepsis. Moreover, the study included a second independent cohort of
37 patients with peritoneal sepsis and showed that increased serum chemerin is associated
with a worse outcome in septic patients without stress hyperglycemia. Finally, this study
reported an association of serum chemerin with disturbed glucose homeostasis and insulin
resistance in septic patients [30]. In line with the previous findings, we found a significant
correlation of chemerin with the severity scores APACHE II and SOFA and also with
glucose, insulin and HOMA-IR at sepsis onset. However, in our study we further showed
that chemerin at sepsis onset and one week after, as well as its kinetics were associated with
the severity and 28-day mortality of sepsis. Furthermore, we demonstrated that chemerin
may predict 28-day mortality independently of the APACHE II score.

Our findings are in line with experimental evidence regarding the immunomodulatory
actions of chemerin. Inflammatory mediators such as the pro-inflammatory cytokines
IL-1B3, TNFe, and IFNYy, secreted during sepsis, have been shown to induce chemerin
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expression in adipocytes as well as other cells [9,18,19,53]. Moreover, in vitro studies have
highlighted that lipopolysaccharide (LPS), the most potent microbial factor implicated
in the pathogenesis of sepsis, may modulate chemerin activity [53]. In particular, LPS
upregulates the expression of CC chemokine receptor-like 2 (CCRL2), which is a high-
affinity chemerin receptor in endothelial cells, leading to increased chemerin levels [54].
Additionally, sepsis-induced activation of platelets and the coagulation cascade may also
enhance chemerin secretion and activation by multiple mechanisms. Platelets have been
shown to store chemerin and release it when stimulated, while circulating plasma proteases
such as carboxypeptidases, along with coagulation associated proteases such as thrombin,
plasmin, tissue-type and urokinase-type plasminogen activator, activate chemerin by prote-
olytic cleavage [13,55]. Moreover, activated leukocytes, particularly polymorphonuclear
leukocytes, rapidly respond at the onset of inflammation, releasing a wide range of pro-
teases such as elastase, tryptase, chymase, matrix metalloprotease and cathepsins, which
all promote activation of chemerin [1,13]. Subsequently, bioactive chemerin further induces
the chemotaxis and infiltration of antigen-presenting cells (macrophages, dendritic cells
and natural killer cells) to the sites of inflammation, modulating the development and
evolution of local and systemic inflammatory response in sepsis [14] (Figure 8).

Endotoxemia/Sepsis

- leukocyte trafficking l’

- chemotaxis
2 - recruitment of
liver inflammatory cells

chemerin J«\
& 5
Early Mediators
adipose (TNF, IL1, IL6, IFNy, MCP1)
A .. A
., tissue Y 4
NALS

o

Late Mediators
(HMGB1)

Lethal Systemic Inflammation

Figure 8. Actions of chemerin and cytokines that are secreted during sepsis. Abbreviations: HMGBI,
high mobility group box 1; IFN, interferon; IL, interleukin; MCP1, monocyte chemoattractant protein-
1; TNEF, tumor necrosis factor. (Images of the liver and macrophages are originated from the free
medical website http://smart.servier.com/ (accessed on 14 December 2021) by Servier licensed under
a Creative Commons Attribution 3.0 Unported License).

Our study showed that higher chemerin at sepsis onset as well as one week after is
associated with sepsis severity and outcome. This finding suggests that higher circulating
chemerin during the first week from sepsis onset indicates the persistence of inflammation
leading to aberrant immune response driving the mortality. Instead, lower chemerin at
sepsis onset, as well as a greater decrease one week later, denotes the resolution of sepsis
and a favorable outcome. We also found a significant positive correlation of chemerin with
glucose, insulin and HOMA-IR at sepsis onset. This finding confirms the known association
of chemerin with insulin resistance and impaired glucose tolerance [5-7]. Additionally,
evidence suggests that insulin may represent a positive feedback for chemerin. Indeed,
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besides inflammatory factors, insulin has been shown to significantly upregulate chemerin
production in human adipose tissue and serum [56].

Finally, we demonstrated a significant correlation of chemerin with CRP and procalci-
tonin, but not IL-1f3, IL-6, IL-10 or suPAR. Circulating chemerin is subject to proteolytic
processing of the C-terminal by a plethora of proteases, which produce various isoforms
of chemerin, each exhibiting a differential affinity to the respective receptors and diverse
activity [4,9,20]. Therefore, the post-secretory processing of inert chemerin may regulate
its bioactivity through a complex interaction of all chemerin variants. In our study, we
determined total chemerin, and could not differentiate inert chemerin from its active iso-
forms. This may explain the observed discrepancy in the association of chemerin with
other inflammatory biomarkers.

Our study has shown that chemerin performed similarly to CRP and better than other
biomarkers for the early discrimination of sepsis severity, while chemerin at enrollment,
but not CRP, predicted 28-day mortality independently of the APACHE II score. These
findings suggest that chemerin may prove to be of diagnostic and prognostic value in
sepsis in combination with other biomarkers. Until today, no biomarker has been proven
adequate to be used alone for sepsis. Larger prospective studies are needed to corroborate
our findings, to further investigate the role of chemerin, and to explore its diagnostic and
prognostic value in sepsis as well as its incorporation in an algorithm combining important
laboratory and clinical parameters.

The main strengths of our study include: (1) the prospective design; (2) the age-
and gender-matching of cases and controls; (3) the sufficient statistical power to show
significant results between cases and controls; and (4) the multivariate analysis taking into
account important confounding factors. Nevertheless, the study presents certain limitations.
We used healthy outpatients, and not critically ill patients without sepsis as the control
group. Since sepsis is very common in critical illness, enrollment of non-septic critically ill
patients as controls would have posed practical difficulties. Additionally, critical illness
is characterized by multiorgan dysfunction due to organ injury (such as acute lung and
kidney injury) that may affect many inflammatory biomarkers, which might obscure the
results of the study. We excluded patients who were either discharged from the ICU or
succumbed before completing one week from the enrollment to the study. This resulted
in the exclusion of cases at the extremes of severity of sepsis, constituting a selection bias.
However, excluding both the less and the more severe cases might have counterbalanced
any such effect. Furthermore, the included patients comprise a highly representative
sample of septic patients, as this is reflected in the reported mortality. Among patients
presenting with sepsis (1 = 60), 6 died within 28 days (mortality rate 10%), and among
those presenting with septic shock (n = 42) 24 died (mortality rate 57%). The outcome in
our study sample is in agreement with the reported mortality for sepsis and septic shock
of large patient cohorts used in the development of the recent SEPSIS-3 definitions [45].
Also, the results of this single-centre study may not be generalized to other critically ill
populations with sepsis. Finally, despite the careful design and the adjusted statistical
analyses, residual confounding cannot be excluded.

5. Conclusions

In a prospective study in critically ill patients with sepsis, we found that circulating
chemerin was significantly increased at sepsis onset and one week after, compared to
age- and gender-matched healthy controls. We also showed that chemerin was associated
with severity and 28-day mortality of sepsis. Finally, we found that higher chemerin and
its lower kinetics during the first week of sepsis were independent predictors of 28-day
mortality. Our findings suggest that circulating chemerin and its kinetics may be a useful
diagnostic and prognostic biomarker in sepsis. Further prospective studies are warranted
to elucidate the pathophysiologic mechanisms of chemerin in sepsis.
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