Intensive Care Med (2006) 32:237-243
DOI 10.1007/s00134-005-0017-1

ORIGINAL

Evangelos J. Giamarellos-Bourboulis SOI u ble triggeri ng rece ptor expressed

Spyridon Zakynthinos
Fotini Baziaka

Evangelos Papadomichelakis
Simona Virtzili

Pantelis Koutoukas
Apostolos Armaganidis
Helen Giamarellou

Charis Roussos

Received: 17 April 2005
Accepted: 10 October 2005
Published online: 1 February 2006
© Springer-Verlag 2005

This article refers to the editorial http://
dx.doi.org/10.1007/s00134-005-0018-0.

E.J. Giamarellos-Bourboulis (P) -

F. Baziaka - P. Koutoukas - H. Giamarellou
University General Hospital Attikon, Fourth
Department of Internal Medicine,
University of Athens Medical School,

1 Rimini Str., 12464 Athens, Greece

e-mail: giamarel @ath.forthnet.gr

Tel.: +30-210-5831994

Fax: +30-210-5326446

S. Zakynthinos - S. Virtzili - C. Roussos
Evangelismos Hospital,

First Department of Critical Care,

17 Ipsilantou Str., 11526 Athens, Greece

E. Papadomichelakis - A. Armaganidis
University General Hospital Attikon,
Second Department of Critical Care,
University of Athens Medical School,
1 Rimini Str., 12464 Athens, Greece

on myeloid cells 1
as an anti-inflammatory mediator in sepsis

Abstract Objective: To define

the significance of soluble trigger-
ing receptor expressed on myeloid
cells 1 (STREM-1) in the septic
cascade by comparing its kinetics

to those of other proinflammatory
mediators and of interleukin (IL)

10. Design: Prospective study in

a tertiary unit. Patients: Blood

was sampled from 90 patients with
septic syndrome due to ventilator-
associated pneumonia for 7 days
after the appearance of symptoms.
Concentrations of tumor necrosis
factor (TNF) «, IL-6, IL-8, IL-10,
and sTREM-1 were determined by
enzyme-linked immunosorbent assay.
Results: Serum levels of TNFa, IL-6,
IL-10, and sSTREM-1 were higher

in nonsurvivors than in survivors;
similar differences were not found for
IL-8. Positive correlations were found
between the ratios IL-10/TNFa and
STREM-1/TNFa, between IL-10/IL-6

and STREM-1/IL-6, and between
IL-10/IL-8 and sSTREM-1/IL-8. Me-
dian values of IL-10/TNFa upon
presentation of sepsis, severe sepsis,
and septic shock were 3.21, 2.16, and
2.86, respectively (NS). Respective
values for sSTREM-1/TNFa were
21.28, 7.33, and 27.78 (p =0.047
between sepsis and severe sepsis,

p =0.003 between severe sepsis and
septic shock). Conclusions: sTREM-
1 follows the kinetics of IL-10 and
should therefore be considered an
anti-inflammatory mediator in sepsis.
Decreased ratios of STREM-1/TNFa
might determine transition from sep-
sis to severe sepsis and from severe
sepsis to septic shock.

Keywords Sepsis - Septic shock -
STREM-1 - Survival

Introduction

Triggering receptor expressed on myeloid cells-1 (TREM-
1) is a novel receptor highly expressed on neutrophils
and monocytes in the event of sepsis and septic shock
[1, 2]. Its soluble counterpart, sSTREM-1, has recently been
described [3]. The concentration of this novel molecule
is substantially higher in the sera of patients with septic
shock than in patients with sepsis or severe sepsis [4].
The exact role of STREM-1 in the inflammatory cascade
remains to be elucidated, but it has been proposed to
act as an anti-inflammatory mediator [3]. Other authors
have reported that transition from sepsis to severe sep-
sis and septic shock may result from changes in the

balance between proinflammatory and anti-inflammatory
cytokines [5]; STREM-1 may be implicated in this process.

In an attempt to evaluate the role of STREM-1 in the
course of the septic process, its daily kinetics in serum
was compared to that of other pro- and anti-inflammatory
mediators in a clinical study in which enrolled patients
suffered the same underlying infection, i.e., ventilator-
associated pneumonia (VAP). The need for uniformity in
the underlying cause of sepsis permitted the minimization
of any discrepancy occurring when a great variety of
antigenic stimuli trigger the innate immune system thus
offering clear connections between changes in pro- and
anti-inflammatory mediators and the course of the septic
cascade.



238

Patients and methods

Study design

A total of 90 patients were enrolled in a prospective study
conducted from June 2004 to January 2005. Patients were
hospitalized in the Department of Critical Care of the
Evangelismos General Hospital and in the Second Depart-
ment of Critical Care of the Attikon University Hospital of
Athens. The study was approved by the ethics committee
of each hospitals. Clinical characteristics of patients
enrolled in the study are shown in Table 1. All enrolled
patients were intubated for at least 48 h prior enrollment,
and they were aged above 18 years. Written informed
consent was provided by their relatives. Exclusion criteria
were: (a) neutropenia (< 500 neutrophils/mmS), (b) HIV
infection, and (c) oral intake of corticosteroids at a dose
equal to or higher than 1 mg/kg equivalent prednisone for
a period greater than 1 month. Inclusion criteria were the
concomitant presence of (a) VAP and (b) sepsis (n=27),
severe sepsis (n=27), or septic shock (n =36). Diagnosis
of VAP was established in any patient presenting with the
following signs: (a) core temperature higher than 38 °C
or lower than 36 °C, (b) new or persistent consolidation
in lung radiography, (c) purulent trancheobronchial secre-
tions (TBS), and (d) clinical pulmonary infection score

(CPIS) equal to or more than 6 [6, 7, 8, 9, 10]. Diagnosis
of sepsis was based on the presence of at least two of the
following [11]: (a) core temperature higher than 38 °C or
lower than 36 °C, (b) PCO; below 32 mmHg, (c) pulse
rate above 90/min, and (d) white blood cell count greater
than 12,000/l or lower than < 4,000/l or less than 10%
of bands.

Severe sepsis was determined as the acute dysfunction
of at least one organ, i.e., the acute presentation of at least
one of the following [11]: (a) acute respiratory distress
syndrome (ARDS), as any value of the pO,/FIO; ratio
below 200 with the presence of diffuse shadows on lung
radiography, (b) acute renal failure, as the production of
less than 0.5 ml/kg body weight per hour of urine for at
least 2h provided that the negative fluid balance of the
patient was corrected, (c) metabolic acidosis as any pH
greater than 7.30 or any base deficit greater than 5 mEq/1
and serum lactate at least more than twice the normal
value, and (d) acute coagulopathy as any platelet count
higher than 100,000/ul or INR higher than 1.5. Septic
shock was considered as any value of systolic pressure
below 90 mmHg requiring the administration of inotropic
agents [11]. Upon enrollment in the study quantitative
TBS cultures were performed; TBS were collected after
insertion of a sterile catheter in the intubation tube or in
the tracheotomy connected to a negative pressure device.

Table1 Clinical characteristics

of patients with ventilator- Sepsis Severe sepsis Septic shock
associated pneumonia enrolled (n =27) (n =27) (n =36)
in the study (APACHE Acute Age (years) 52.6+20.8 67.7+£13.6 58.0+18.1
Physiology and Chronic Health  gex: M/F 20/7 18/9 27/9
Evaluation, SOFA Sequential APACHE 1I score 15.63+6.06  17.88+£4.19  19.40+7.03
Organ Failure Assessment, CPIS  SOFA score 5.78+2.82 7.21+2.83 9.54+4.10
clinical pulmonary infection CPIS score 7.5441.32 7.70 4+ 1.54 7474129
score) White blood cells (ul) 12.132+5.060 13.850+7.027 14.206 + 8.683
Underlying conditions
Multiple injuries 8 (29.62%) 1 (3.70%) 9 (25.00%)
Brain hemorrhage 6 (22.22%) 7 (25.92%) 3(8.33%)
Chronic obstructive pulmonary disease 6 (22.22%) 5 (18.51%) 6 (16.66%)
Lower respiratory tract infection 2 (7.41%) 3(11.11%) 5 (13.88%)
Intrabdominal infection 1 (3.70%) 2 (7.41%) 4(11.11%)
Celiac aortic aneurysm replacement - 2 (7.41%) 3 (8.33%)
Others 4 (14.81%) 7 (25.92%) 6 (16.66%)
Predisposing factors
Diabetes mellitus 2 4 (14.81%) 4 (14.81%) 6 (16.66%)
Coronary heart disease 3(11.11%) 8 (29.62%) 4(11.11%)
Hypertension 2 (7.41%) 6 (22.22%) 4(11.11%)
Others 6 (22.22%) - 8 (22.22%)
Pathogens
Acinetobacter baumannii 10 (37.03%) 11 (40.74%) 16 (44.44%)
Pseudomonas aeruginosa 5(18.51%) 7 (25.92%) 4(11.11%)
Others 2 (7.41%) 3(11.11%) 2 (5.55%)
Bacteremia 3(11.11%) 3(11.11%) 5 (13.88%)
Resolution of VAP 19 (70.4%) 17 (62.96%) 13 (36.11%)*
Case fatality 6 (22.2%) 9 (33.3%) 18 (50.0%)*
Survival (days) 2548 +1.19 23.38+1.58 20.19 + 1.67**

* p < 0.05 vs. patients with sepsis or severe sepsis
** p = 0.019 sepsis vs. septic shock
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Enrolled patients were followed-up on a daily basis for
a total of 28 days; evaluation comprised lung radiography,
calculation of the pO»/FIO; ratio, and administration of
the Acute Physiology and Chronic Health Evaluation II
and Sequential Organ Failure Assessment instruments.
Patients died as a result of multiple-organ dysfunction.

CPIS was determined after individual scoring for each
of the following parameters [12], as follows: (a) core tem-
perature 36.5-38.4 °C =0 points; 38.5-38.9 °C =1 point;
36 °C or below or 39 °C or above =2 points; (b) white
blood cells 4,000—11,000/ul =0 points; fewer than 4,000
or more than 11,000/l = 1 point; more than11,000/pl and
more than 10% bands =2 points; (c) pO/FIO; ratio of at
least 240 or the presence of ARDS =0 points; pO2/FIO,
ratio less than 240 in the absence of ARDS =2 points;
(d) diffuse shadows on lung radiography =1 point; local-
ized shadow on lung radiography =2 points; (e) purulent
TBS =2 points; and (f) TBS cultures yielding a pathogen
at or above 10° cfu/ml with negative Gram stain = 1 point;
TBS cultures yielding a pathogen at or above 10° cfu/ml
with positive Gram stain = 2 points. Patients were divided
as cases of early or late VAP as to whether the period from
the advent of VAP since the first blood sampling was less
or more than 24 h. For the measurement of cytokines and
STREM-1 in patients’ sera, 5 ml blood was sampled after
venipuncure of a peripheral vein under sterile conditions.
Blood was drawn daily for 7 days; it was collected into
sterile tubes. After centrifugation the serum was kept at
—70 °C until assayed.

Laboratory techniques

Quantitative TBS cultures were performed immediately
after collection; 0.5 ml TBS was added to a sterile tube
with 2 ml Mueller-Hinton broth and diluted five times at
1:10. Volumes of 0.1 ml of each dilution were plated onto
McConkey, blood and Saboureaux agar (Becton Dickin-
son). Dishes were incubated for 5 days at 37 °C or 42 °C
for Saboureaux plates, and their count was determined
after multiplying with the appropriate dilution factor. Cul-
tures yielding a pathogen at a count of 1 x 10° cfu/ml or
higher were considered positive [13, 14]. Flasks with blood
were incubated for 7 days. Identification of pathogens
was performed by the API20E and the API20NE systems
(bioMérieux, Paris, France). Concentrations of tumor
necrosis factor (TNF) a, interleukin (IL) 6, IL-8, and
IL-10 in sera were estimated in duplicate by an enzyme
immunosorbent assay (Diaclone, Paris, France). Lowest
limits of detection were 0.5 pg/ml for TNFa, 6.25 pg/ml
for IL-6, 62.5 pg/ml for IL-8, and 15.12 pg/ml for IL-10.
sSTREM-1 was measured by a home-made enzyme im-
munosorbent assay. Capture antibody of sSTREM-1 (R&D,
Minneapolis, Minn., USA) was diluted to 4000 ng/ml
and distributed to a 96-well plate at a volume of 0.1 ml

per well. After overnight incubation at 25 °C, wells were
thoroughly washed with a0.05% solution of Tween in
PBS (Merck) (pH 7.2-7.4). Then 0.1 ml of standard
concentrations of STREM-1 (15.1-4000 pg/ml, R&D) or
serum was added in wells. After incubation for 2 h wells
were washed three times, and 0.1 ml of one 400 ng/ml
dilution of STREM-1 detection antibody (R&D) was
added per well. The plate was then incubated for 2h,
and attached antibodies were marked by steptaverdin.
Concentrations of STREM-1 in each well were determined
by the optical density detected at 450 nm after addition
of one 1:1 solution of HyOj: tetramethylbenzidine as
a substrate (R&D). All determinations were performed in
duplicate; the interday variation of the assay was 5.23%.
The prescribed antimicrobial regimens did not alter within
the first 3 days after inclusion in the study of all patients
enrolled.

Statistical analysis

Results were expressed as medians +95% confidence
intervals (CI). Ratios of IL-10 or sSTREM-1 to proinflam-
matory cytokines were determined. Comparisons were
performed by the Mann-Whitney U test after Bonferroni’s
correction. Statistical correlations were calculated by
Spearman’s nonparametric coefficient (). Survival time
was estimated after Kaplan-Meier analysis; groups with
sepsis, severe sepsis, or septic shock were compared by
log-rank tests. Differences with a p value below 0.05
were considered statistically significant. Cox regression
analysis was performed to define the prognostic role of any
of the estimated parameters. Variables included estimated
concentrations of IL-10, sSTREM-1, and proinflammatory
cytokines on day 1 and of ratios of IL-10 or STREM-1 to
proinflammatory cytokines of the same day. Relative risks
(RR) and CIs were defined.

Results

Concentrations of TNFa, IL-6, and IL-8 in relation to
final outcome are shown in Fig. 1. Serum levels of TNFa
were lower in survivors than in nonsurvivors on days 5
and 7, and those of IL-6 on days 1, 3, 4, 5, 6, and 7. No
differences in IL-8 were found between survivors and
nonsurvivors on any day of follow-up. Positive correla-
tions between sTREM-1 and IL-10 were found on day
1 (ry=0.244, p=0.032), on day 2 (r;=0.209, p =0.049),
and on day 6 (r;,=0.271, p =0.020) but not on days 3, 4,
5, or 7. Concentrations of STREM-1 and IL-10 in relation
to final outcome are shown in Fig. 2. Serum levels of
IL-10 were higher in nonsurvivors than in survivors on
days 1, 4, 5, 6, and 7; those of STREM-1 were higher in
nonsurvivors than in survivors on days 1-7.
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Fig.1 Concentrations of TNFa, IL-6 IL-6, and IL-8 during follow-
up of septic patients in relation to their final outcome. *p < 0.05
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Fig.2 Concentrations of sSTREM-1 and IL-10 during follow-up of
septic patients in relation to their final outcome. * p < 0.05 survivors
vs. nonsurvivors on the same day of follow-up

Median sTREM-1 was 80.55 pg/ml in patients with
microbiologically documented VAP and 138.48 pg/ml in
those without (NS); 75.94 pg/ml in patients with early
VAP and 138.48 pg/ml in those with late VAP (p =0.031);
and 76.93 pg/ml in patients with Pseudomonas aeruginosa
and 97.53 pg/ml in those with Acinetobacter baumannii
(NS). Median TNFa was 6.69 pg/ml in patients with multi-
ple trauma on day 1 and 5.92 pg/ml in those without (NS).
Respective values for IL-6 were 73.35 and 90.18 pg/ml, for
IL-8 62.5 and 66.93 pg/ml, for IL-10 12.5 and 12.5 pg/ml,
and for sSTREM-1 113.68 and 88.43 pg/ml (all NS).

Figure 3 presents the statistical correlations of the
ratios of IL-10 and sTREM-1 to pro-inflammatory cy-
tokines on the first day. Positive correlations were found
between IL-10/TNFoa and sSTREM-1/TNFa (ry=0.468,
p <0.0001), between IL-10/IL-6 and sTREM-1/IL-6
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Fig.3 Correlations of the ratio of IL-10 to proinflammatory cy-
tokines (TNFe, IL-6, IL-8) and of sSTREM-1 to proinflammatory
cytokines of the sera on the first day of patients with ventilator-
associated pneumonia and septic syndrome

(rs=0.459, p <0.0001), and between IL-10/IL-8 and
STREM-1/IL-8 (r; =0.654, p <0.0001). Figure 4 com-
pares the TNFo/IL-10 and of TNFa/sTREM-1 ratios on
the first day between patients with sepsis, severe sepsis,
and septic shock. Median values on day 1 of IL-10/TNFa
of patients with sepsis, severe sepsis, and septic shock
were 3.21, 2.16, and 2.86, respectively (NS between
patients). Respective values for STREM-1/TNFa were
21.28, 7.33, and 27.78 (p=0.047 between sepsis and
severe sepsis; p =0.003 between severe sepsis and septic
shock).

Cox regression analysis revealed that the more signif-
icant prognostic factors of survival were TNFa on day 1
(RR 1.02, 95% CI 1.01-1.03, p=0.001); IL-6 on day 1
(RR 1.01, 95% CI 1.00-1.02, p =0.007), IL-10/IL-6 ra-
tio on day 1 (RR 29.65, 95% CI 1.83-481.63, p=0.017),
STREM-1/IL-6 ratio on day 1 (RR 0.69, 95% CI 0.48-1.00,
p=0.049), and IL-10/IL-6 ratio on day 1 (RR 0.11,95% CI
0.02-0.51, p =0.005).

Dissussion

STREM-1 is a novel molecule whose role in the septic cas-
cade remains to be elucidated. It is found to be elevated in
blood in the event of endotoxemia and septic shock [4, 13].
It is considered to represent the soluble counterpart of the
TREM-1 receptor that is highly expressed on neutrophil
cell membranes in patients with sepsis [1, 2]. The present
study examined the role of STREM-1 in the sequence of
events taking place in sepsis. Based on the daily kinetics of
the proinflammatory cytokines TNFa, IL-6, and IL-8 and
of the anti-inflammatory cytokine IL-10, the correlation to
the kinetics of sSTREM-1 was evaluated.

The entire population enrolled in the present study be-
came septic because of the same underlying infection, i.e.,
VAP. This is a striking difference to other studies involving
patients with sepsis, and it was based on the need to elab-
orate an entire study population conferring an antigenic
stimulus to the immune system that did not differ con-
siderably within patients. Patients were infected by Gram-
negative bacterial species conferring similar stimuli to the
innate immune system (Table 1). STREM-1 on day 1 did
not differ between patients infected by P. aeruginosa or by
A. baumannii; we also observed no differences in STREM-
1 levels between patients with or without microbiological
documentation of VAP.

Daily measurements of proinflammatory cytokines and
IL-10 (Figs. 1, 2) showed greater concentrations of TNFa,
IL-6, and IL-10 in nonsurvivors than in survivors. Simi-
lar differences were not found for IL-8. Other authors have
reported higher serum concentrations of IL-10 in septic pa-
tients who eventually died than in those who survived [15,
16]. In the present study STREM-1 followed the kinetics
of IL-10. Our levels of sSTREM-1 differed from those re-
cently reported by other authors [17] who found higher
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levels of STREM-1 in survivors than in nonsurvivors on the
first day after admission. However, there is agreement that
STREM-1 in nonsurvivors is higher than that in survivors
over follow-up. The observed discrepancy may be due to
(a) the enrollment of patients in the present study with the
same underlying infection, i.e., VAP, and (b) the signifi-
cantly lower levels of STREM-1 in patients with early VAP
than in those with late VAP.

It has been considered that the ratios of anti- to proin-
flammatory cytokines are indicative of the immune status
of the septic host [18]. Strong statistical correlations were
found on the first day of the presentation of symptoms
between the ratios of IL-10 to proinflammatory mediators
and of STREM-1 to proinflammatory mediators (Fig. 3).
The latter positive correlations and the similar kinetics
of STREM-1 to the anti-inflammatory cytokine IL-10
provide evidence that sSTREM-1 can behave as an anti-
inflammatory mediator. The probable anti-inflammatory
role of STREM-1 is further supported by the favorable
prognostic role of the ratio of sTREM-1/IL-6 for the
outcome of the septic host being similar to the role of the
ratio of IL-10/IL-6.

The ratio of IL-10/TNFa has been considered to pro-
vide evidence of the existence or not of an immune dise-
quilibrium of the septic host [5, 18]. This ratio was similar
in our patients presenting either with sepsis, severe sepsis,
or septic shock (Fig. 4). The ratio of STREM-1/TNFa was
significantly lower in patients with severe sepsis than in
those with either sepsis or septic shock, leading thus to the
probable hypothesis that changes in this ratio may deter-
mine transition from sepsis to severe sepsis and then from
severe sepsis to septic shock. This hypothesis is further
strengthened by the fact that no differences in STREM-1
were found between trauma and nontrauma patients, since
trauma is a situation accompanied by severe immunosup-
pression [19] that may act as a confounding factor.
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Fig.4 Comparative values of the ratio of IL-10 to TNF« and of
STREM-1 to TNF« on the first day of symptoms of patients with
sepsis, severe sepsis, and septic shock in the field of ventilator asso-
ciated pneumonia. Circles Outliers; asterisks extremes. ¢ p = 0.047

sepsis vs. severe sepsis, ”p = 0.003 severe sepsis vs. septic shock

In conclusion, this is the first study to report that
STREM-1 possesses an anti-inflammatory role in the
septic process. The evidence is based on the similar
kinetics of STREM-1 and IL-10. Decreased ratios of
STREM-1/TNFa are characterized by a significant patho-
physiological hallmark determining transition from sepsis
to severe sepsis and then from severe sepsis to septic
shock.
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