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Abstract
Background: Determination of TREM-1 expression on monocytes has been investigated as a perspective
diagnostic method to distinguish infectious from non-infectious etiology of the inflammation.
Objectives: To analyse the expression of the TREM-1 gene in patients of sepsis and septic shock and its
relation with the severity of pathophysiological conditions. Also to describe the dynamics changes of soluble TREM1, procalcitonin and C-reactive protein during the course of sepsis and Correlation between their expressions and
the clinical scoring system known as APACHE II scoring system.
Material and Methods: After an ethical approval, the expression of mRNA of TREM-1 in PMNs was detected in
76 critically ill patients (49 with sepsis and 27 with septic shock) were analyzed by using quantitative real-time PCR.
The concentration of s. TREM-1, CRP and PCT levels were measured by an enzyme immunoassay.
Results: On the ICU admission, the septic shock group displayed higher levels of sTREM-1, PCT, APACHE II
score (P<0.001) and CRP (P=0.01) than the sepsis group. Significant positive correlation (P<0.05) between APACHE
II and both sTREM-1 and PCT in the prognosis of morbidity were shown. The mRNA levels of patients suffering from
sepsis and septic shock were 0.54- and 0.39-fold lower compared to those of healthy subjects (1.06) respectively.
Conclusion: With regard to sepsis diagnosis and severity, sTREM-1 and PCT have positive values in prognostic
assessment of the disease and may be taken as a survival-impacting risk factor. The TREM-1 gene expression
levels isolated from patients with sepsis may be used as a surrogate marker for determining the severity.
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Introduction
Severe sepsis and septic shock are life-threatening complications
of infections and the most common causes of morbidity and mortality
among critically ill patients in the intensive care unit (ICU), blood
culture has always been held as the gold standard for sepsis diagnosis
[1]. However, treatment of these cases is delayed while waiting for lab
results which may lead to worsen the condition of the patients, develop
multiple organ dysfunction or failure and death for delayed ineffective
treatment [2].
Triggering receptor expressed on myeloid cells-1 (TREM-1) was
first described in the year 2000 [3], is a member of immunoglobulin (Ig)
superfamily receptor expressed on polymorphonuclear granulocytes
and mature monocytes, stimulation by bacteria or fungus infection
may cause up-regulation for TREM-1 expression and transmit signals
downstream, leads to production of pro-inflammatory mediators,
mainly tumor necrosis factor-alpha and interleukin-8 and bring
about relevant inflammatory responses [4]. TREM-1 is an amplifier
of the immune response, which strongly potentiates the activation of
leucocytes in response to microbial products [5].
A soluble form of TREM-1 (sTREM-1) is released from the activated
phagocytes and can be found in body fluids of patients with sepsis and
other inflammatory diseases caused by extracellular microorganisms
such as pneumonia and cholangitis [6]. It is a superior indicators of sepsis
compared to C-reactive protein (CRP) and procalcitonin (PCT) levels [7].
Additionally, clinical studies have shown that early diagnosis can
significantly improve the prognosis of severe sepsis and septic shock and
lower the mortality rate of the patients. Accordingly it becomes critical
to discover new biomarkers that can accurately identify the cause being
infectious or non-infectious together with predicting the prognosis [8].
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Peripheral blood leucocytes constitute an accessible source of
clinically relevant information and the gene expression profiling of
these cells is an emerging strategy for proper diagnosing and monitoring
of the infections. The gene expression patterns of TREM-1 existing
in these cells of patients with bacterial infections has led to a better
understanding of the principal mechanisms of infectious diseases and
responses to treatment.

Aim of the Study
To study the effect of severity of infection on the expression of
TREM-1 gene and its use as an early biomarker for determining the
severity of sepsis in ICU patients. We also aimed to measure the serum
level of TREM-1 in these patients, to find out its relation to clinical
disease severity compared with other markers such as PCT and CRP
and a clinical scoring system as APACHE score.

Subjects and Methods
Subjects and samples collection
To achieve this aim, the study was carried out on 100 individuals;
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they were classified into 76 critically ill patients (47 males and 29
females), who investigated twice after their admission to ICU and
after treatment with proper antibiotics, and 24 apparently healthy
individuals as a control group matched by sex and age with no signs
of active inflammatory or infectious diseases (No fever, leukocytosis,
redness, hotness or edema). The patients were chosen from those
admitted to the Intensive Care Unit, Zagazig University Hospitals.
Laboratory investigations were carried out at the Clinical Pathology
Department, Zagazig University Hospitals during the period from Jun
2014/ Feb 2015.
Ethical consideration: A written consent was taken from all of the
participants after explaining details, benefits as well as risks to them.
Inclusion and exclusion criteria: Based on the 2012 International
Guidelines for Management of sever sepsis and septic shock [9] that
advanced the diagnostic criteria, patients exhibiting two or more of
the following signs during their first 24 h in the ICU were eligible for
selection: (1) temperature of >38.3°C or hypothermia < 36°C, (2) pulse
rate of >90 beats/min or more than two SD above the normal value for
age, (3) respiratory rate of >20 breaths/min or hyperventilation with a
partial pressure of arterial carbon dioxide (PaCO2) of <32 mmHg, (4)
altered mental status, (5) significant edema or positive fluid balance (>
20 mL/kg over 24 hr), (6) Hyperglycemia (plasma glucose >140 mg/dL
or 7.7 mmol/L) in the absence of diabetes or (7) white blood cell (WBC)
count of >12,000 μL/1 or <4000 μL/1, or >10% immature cells.
Exclusion criteria were: (1) <18 years of age, (2) acquired
immunodeficiency syndrome, (3) reduced polymorphonuclear
granulocyte count (<500 μL/1), or (4) died within 24 h after admission
into the ICU, refused to participate in the study, or declined treatment
during the observation period.

Clinical and routine laboratory investigations
Venous blood samples were taken from every patient and control
person under complete aseptic conditions.
a. Serum CRP was measured using automated clinical chemistry
analyzer Cobas Integra 400 plus (Roche Diagnostics, Deutschland).
b. PCT was measured using an enzyme-linked fluorescence analysis
kit (ELFA, VIDAS BRAHMS PCT kit, bioMerieux SA, France).
c. The microorganism's growth in blood cultures was screened by
the BacT/ALERT 3D Microbial Detection System (bioMérieux, Marcy
l’Etoile, France) with aerobic (BacT/ALERT FA) and anaerobic (BacT/
ALERT FN) media. Further identification to the positive cultures
using Matrix-assisted laser desorption ionization–time of flight mass
spectrometry (MALDI-TOF MS) Vitek MS (bioMérieux, Marcy
l’Etoile, France).

Soluble TREM-1-analysis
Measurement of plasma TREM-1 level by a double antibody
sandwich ELISA (Enzyme-linked Immunosorbant assay) technique
using Quantikine human TREM-1 Immunoassay ELISA Kit, from R
& D Systems, Minneapolis, MN, USA. The lower detection limit was
15.1 pg/ ml.

TREM-1-gene expression
We chose to study a relative quantitative value of TREM-1 cDNA to
ACTB cDNA (Reference gene) in peripheral blood of patients suffering
from sepsis based on their previously documented associations with
bacterial infections [7,10,11], ACTB was used as an endogenous control
to detect the effect of hemolysis.
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Gene expression level of TREM-1 in PMNs was quantified using
the real-time PCR system. Complementary DNA was amplified with
SYBR Green by using the Power SYBR Green PCR master mix (Jena
Bioscience, Jena, Germany) according to the manufacturer’s protocol.
Each sample was duplicated and the mean of CT (Cycle Threshold) was
calculated.
Briefly, qPCR was performed for TREM-1. PCR primer sequences
were shown in Table 1.
Genes

DNA Sequences

Amplicon sizes

TREM-1

F: 5'- GTCTCCACTCCTGACTCTGAA-3'
R: 5'-TAGGGTACAAATGACTCTGAA-3'

158 bp

ACTB

F: 5'-TTAAGGAGAAGCTGTGCTACG-3'
R: 5'-TTGAAGGTAGTTTCGTGGATG-3'

205 bp

Table 1: PCR primer sequences.

TREM-1 mRNA expression levels in PMNs were normalized to
the gene expression levels of ACTB. Fold changes of PMN TREM-1
mRNA levels between patients and controls were calculated manually
using the comparative cycle threshold (ΔΔCt) method as follows:
ΔCt = mean value Ct (cDNA of interest) - mean value Ct (reference
ACTB), ΔΔCt=ΔCT test sample – Average Δ CT control sample. The
fold change in gene expression normalized to reference gene (R) of the
sample and relative to the control, the negative value of this subtraction
(-ΔΔCT) becomes the exponent of 2 (R = 2-ΔΔCT). Then the relative
expression levels of TREM-1 cDNA were confirmed by using free data
analysis tools.

Statistical analysis
The data was analyzed using SPSS statistical package software
computer program version 17 (SPSS Inc., Chicago, IL). Statistical tests
were applied to determine the relationships between TREM-1 gene
expression, soluble TREM-1 concentrations, clinical and laboratory
parameters in both ICU patients having sepsis and controls.
Quantitative data were presented as mean ± standard deviation.
Comparison of quantitative variables between the study groups was
done using the Student (T) test. Qualitative data were expressed as
frequency and percentage. Association between qualitative data was
done using the chi-square test. Differences with (P) values less than 0.05
were considered significant. 95% confidence interval was calculated to
estimate the strength of the associations.

Results
A total of 76 patients with sepsis were included in this study. They
manifested clinically as having fever which was the most common (95%)
then leucocytosis was represented in (89%), then hyperglycemia was found
in (32% of patients group), these results were show in Table 2. Clinical
manifestations were presented at least once during the evolution period
of the disease, measured from the time of diagnosis to the moment when
a blood sample was drawn. 24 as a control group. Laboratory data of the
patients and control groups were summarized in Table 2.
Table 3 show assessment of CRP, PCT and Serum TREM-1
according to the sepsis diagnosis criteria (sepsis (n = 49) septic shock
(n = 27)). The bars indicate medians of s. TREM-1, PCT, and CRP levels
between patients with sepsis and those with septic shock coming out as
114.8 pg/mL versus 367.6 pg/mL, P<0.001; 7.23 ng/mL versus 22.17 ng/
mL, P<0.0001 and 23.8 mg/dL versus 29. 4 mg/dL, P = 0.01.
In Table 4 the APACHE II score showed significant difference
(p<0.001) between sepsis 21.9 ± 7.1 and septic shock 28.2 ± 7.8. Also in
Table 5 there was significant positive correlation between APACHE II
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and both procalcitonin and s TREM-1 but it was more positive for the
later in the prediction of the severity of illness.
Fold changes of TREM-1 in sepsis patients (sepsis and septic shock)
compared to the controls were shown in Table 6. As its expression is
stable and reproducible, ACTB was chosen as an endogenous control to
standardize mRNA expression. We quantified the relative expression of
the TREM-1 in the PMNs of patients and control. The analysis revealed
a highly significant down-regulation of TREM-1 in the form of 0.543
fold in sepsis patients (P <0.001), and 0.394 fold in patients with septic
shock (P =0.001), when compared with the high level in controls being
1.061 fold. In contrast; there was less significant difference of TREM-1
expression between both sepsis and septic shock patients, (P <0.01).
Patients group
(76)

Control group
(24)

Pulmonary Infection

25 (32.89%)

0 (0%)

Abdominal Infection

8 (10.54%)

0 (0%)

Urinary Infection

11(14.47%)

0 (0%)

Trauma/ post-operative

17 (22.36%)

0 (0%)

Others

Characteristic

t

P

Atiological causes (n, %):

15 (19.74%)

0 (0%)

Body temperature (fever)

38.6 ± 1.3

37.2 ± 0.5

5.14

<0.001

Hemoglobin (g/dl)

9.1 ± 1.7

13.1 ± 1.2

-5.34

<0.001

WBCs (×103/ mm3)

14.2 ± 8.4

5.1 ± 2.2

5.23

<0.001

ESR 1st hour (mm/ hr.)

33.6 ± 21.7

9.3 ± 5.4

5.41

<0.001

148 ± 69

84 ± 23

4.45

<0.001

Glucose (g/ml)

(Quantitative data of normal distribution are presented as mean ± SD, Qualitative
data are presented as n (%), Significant if (P < 0.05).
Table 2: Clinical and laboratory characteristics of patients and controls.
Sepsis (n = 49)

Septic shock (n
= 27)

T

P

23.8 ± 8.3

29. 4 ± 10.7

2.53

0.01

CRP (mg/dL)
PCT (ng/mL)
P.TREM-1 (pg/ml)

7.23 ± 4.9

22.17 ± 5.4

7.01

< 0.001

114.8 ± 23.5

367.6 ± 51.4

29.41

< 0.001

*Significant if (P < 0.05).
Table 3: Comparison of serum biomarkers and cytokines levels.
(Range)

X ± SD

Sepsis (N=49)

(21-31)

21.9 ± 7.1

Septic shock (N=27)

(21.9-34)

28.2 ± 7.8

T

P

14

< 0.001

APACHE II score: acute physiologic assessment and chronic health evaluation II
scores. Significant if (P< 0.05).
Table 4: APACHE II score in sepsis and septic shock.
r

P

Sig.

Procalcitonin

0.626

0.009

S

S. TREM-1

0.867

0.001

S

Significant if (P < 0.05)
Table 5: Correlation between APACHE II and both TREM-1 and procalcitonin
in prognosis of morbidity.
(Spearman's Rho" correlation" calculator).
Control group
(n=24)

Sepsis
(n= 49)

Septic shock
(n=27)

TREM-1 gene

1.061

0.543

0.394

95% CI

0.9- 1.22

0.389- 0.697

0.309- 0.479

95% CI assuming equal variance.
Table 6: The fold changes of TREM-1 patients compared to control group.
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Discussion
Among phagocytes, PMNs are remarkable for their migratory
capacity. Upon activation by chemoattractants, chemokines or
inflammatory products, PMNs rapidly migrate to the sites of infection.
Pathogen-associated molecular patterns (PAMPs) are recognized as
molecular signatures by pattern recognition receptors (PRRs) that are
predominantly expressed on PMN surface [12].
Sever sepsis and septic shock is common among critically ill
patients, with reported mortality rates ranging from 25% to 70% when
complicated by shock and multiple organ failure [2].
TREM-1 is a recently discovered member of the immunoglobulin
superfamily of receptors that is specifically expressed on the surfaces
of polymorphonuclear granulocytes and mature monocytes. Bacteria
or fungi infections may up regulate expression, transmit signals
downstream, induce the release of proinflammatory cytokines and
bring relevant inflammatory responses [13].
A soluble form of TREM-1 (sTREM-1) that released into body fluids
when TREM-1 is upregulated [13]. In a study done by Zhenyu et al.,
[14], they found that sTREM-1 levels of patients with septic shock were
significantly higher than those with sepsis on first day of admission. `In a
study done by Ornatowska et al., [15] they proved that the levels of soluble
TREM-1 in bronchoalveolar lavage fluid and serum of patients with
pneumonia have shown to be an indicator and prognostic factor in sepsis
and acute respiratory distress syndrome induced by microbial infections.
These findings come in agreement with our results, where the levels
of sTREM-1 in patients with septic shock were significantly higher than
those with sepsis being 367.6 versus 114.8 pg/ml. Opposing our results
prior studies by Phua et al., [16] and Bopp et al., [17], they failed to find
the association between sTREM-1 and poor outcome.
Gibot and Cravoisy [18] reported that there is inverse correlation
of TREM-1 mRNA levels with the severity of patho-physiological
conditions of acute bacterial infections. Protein expression of TREM-1
is also up-regulated in phagocytic cells in the presence of pathogens
and sTREM-1 is released into circulating blood during infection.
These results come in the same line with our results, where the levels
of TREM-1 mRNA decrease with severity of the disease. The levels in
patients suffering from septic shock are less than those suffering from
sepsis and both levels were less than that of the control.
In the same study done by Gibot and Cravoisy [18], the average
expression levels of TREM-1 in moderate and sever sepsis patients were
1.10 and 0.35-fold, respectively. In recovered patients TREM-1 mRNA
expression levels recovered to normal levels. Therefore, monitoring the
mRNA levels of TREM-1 in the PMNs of patients could possibly reflect
the effect of treatment.
This comes in agreement with our study, where the TREM-1 gene
expression was down-regulated in septic patients (0.54 fold in sepsis and
0.39 with septic shock) compared to normal healthy controls (1.06 fold).
PCT is normally produced in the C cells of the thyroid glands,
plasma PCT levels in healthy humans are approximately 5-50 pg/ml
in normal state. Its half-time is about 22-33 hours in serum [19]. In
study done by Christophe Clec’h et al., found that serum PCT on day
1 was significantly higher in patients with septic shock than those with
sepsis. On addition among patients with sepsis, PCT concentrations
were significantly higher in those who died than in the survivors at all
four measurement time points [20]. Also in prognostic assessment of
sepsis, PCT value was found to correlate significantly with the acute
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physiology and chronic health evaluation (APACHE II) [21]. In our
study APACHE II was also significantly correlated with sTREM-1 more
positively than procalcitonin.
CRP is an acute phase protein and a sensitive systemic marker of
inflammation and tissue damage, its level increase within 4-6 h after
stimulus, doubles every 8 h and peaks at 36-50 h [21].
Zhenyu et al., [14], showed no significant difference between
survivors and non-survivors during the three measures. This indicates
that CRP was just an inflammatory biomarker and failed in reflecting
sepsis severity. Explaining that CRP rises slowly and peaks at 36 h after
an endotoxin challenge Luzzani et al. [22], have reported that CRP
levels in septic shock were lower than those in sepsis suggesting that
CRP levels did not reflect the severity of sepsis.
Zhang et al. [23] suggested that serum sTREM-1 levels reflected
the severity of sepsis more accurately than those of PCT and CRP and
were more sensitive for dynamic evaluations of sepsis prognosis. It rises
quickly, when exposed to infection and its half-time is short.
In a study done by Zhenyu et al. [14], they found that sTREM and
PCT had an equal prognostic ability for sepsis mortality and were superior
to other parameters. They reported that sTREM increases quickly, when
exposed to infection and its half-time is short. In bacterial infections,
serum PCT levels start to rise at 4 h after the onset of systemic infection
and peak at between 8 and 24 h, it decreased 50% every 24 hours along with
therapy. These results come in agreement with our results, where the values
of s. TREM and PCT proved to be more beneficial than the CRP levels.
We also concluded that CRP is non-specific inflammatory marker and it
doesn't reflect the severity of sepsis.
The prognostic difference may be dependent on their biologic and
kinetic characteristics, where TREM-1 can stimulate neutrophil and
monocyte-mediated inflammatory response via the triggering and
release of pro-inflammatory cytokines and chemokines.
Our study, show the effect of severity of infection on the expression
of TREM-1 gene for determining the severity of sepsis in ICU patients,
and this is the first study in the Egyptian population.
Thus, we can conclude that TREM-1 is an attractive therapeutic
target and a diagnostic marker for infectious inflammatory diseases.
Thus, we can say that sTREM-1 is more ideal than PCT and CRP
for early sepsis diagnosis and severity assessment and constitutes an
independent risk diagnostic parameter.
Further work and future studies are needed together with increasing
the sample size of patients. Also paying attention to the clinical care
environment. All of these could help in applying these parameters in
clinical decision making and improving the clinical outcome of patients
having sepsis or those complicated with septic shock.
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