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ABSTRACT
Aim: Sepsis affects approximately 50 million people across the 
world each year and causes 11 million deaths. Many biomarkers 
have been investigated for the early diagnosis of sepsis and patient 
responses to infection and treatment, as well as to help clinicians 
predict risk and plan treatment. Netrin-1 plays an important role by 
directing the migration of neutrophils, particularly monocytes, in 
inflamed tissue. This study aimed to determine whether Netrin-1 
was an effective marker in the diagnosis, treatment follow-up, and 
prognosis evaluation of patients with sepsis and septic shock.

Material and Method: This observational and prospective study 
was conducted at the emergency department with 121 individu-
als over 18, including 71 patients diagnosed with sepsis and 50 
healthy volunteers. The patients were further evaluated in two sub-
groups: sepsis and septic shock. Blood samples were taken from 
the patient and control groups at the time of presentation and on 
the third day. Netrin-1 levels were examined in both groups.

Results: The netrin-1 levels of the patients with sepsis and septic 
shock upon presentation to the hospital were significantly higher 
than the control group (p<0.0001). However, there was no signifi-
cant difference between the netrin-1 levels measured at the time 
of presentation and on the third day in the sepsis and septic shock 
groups (p: 0.0522 and 0.0786, respectively). Neither the presenta-
tion nor the third-day netrin-1 level had a statistically significant 
correlation with mortality (p=0.075 and 0.254, respectively).

Conclusion: Our results showed that netrin-1 was an effective 
biomarker for diagnosing sepsis and septic shock. However, it was 
not a risk factor for mortality or clinical risk scores in patients with 
these conditions.
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ÖZET
Amaç: Sepsis; dünya çapında yıllık yaklaşık 50 milyon kişiyi etki-
lemekte ve 11 milyon kişinin ölümüne neden olmaktadır. Sepsisin 
erken tanısı, hastanın enfeksiyona tepkisini, tedavinin yanıtını ve kli-
nisyenin hasta riskini tahmin etmesine ve tedavinin planlanmasına 
yardımcı olmak için birçok biyobelirteç araştırılmıştır. Netrin-1, nöt-
rofillerin ve özellikle de iltihaplı dokudaki monositlerin göçünü yön-
lendirerek önemli bir rol oynar. Bu çalışmada sepsis ve septik şoklu 
hastalarda Netrin –1’in tanıda, tedavi takibinde ve prognozu gös-
termede etkili bir belirteç olup olmadığını belirlemeyi amaçladık.

Materyal ve Metod: Bu gözlemsel ve prospektif çalışma, acil ser-
viste 18 yaş üstü 71 sepsis tanısı konan hasta ve 50 gönüllü olmak 
üzere 121 hasta ile yapılmıştır. Hastalar sepsis ve septik çok olarak 
ikiye ayrıldı. Hasta ve kontrol grubundan ilk başvuruda ve 3. gün 
kan örnekleri alındı. Her iki grupta da Netrin-1 düzeyleri çalışıldı.

Bulgular: Sepsis ve septik şoklu hastaların hastaneye geliş net-
rin-1 düzeyleri kontrol grubuna göre anlamlı olarak yüksek tespit 
edildi (p<0,0001). Ancak sepsis ve septik şoklu hastaların acil ser-
vise geliş ve 3. gün netrin –1 düzeyleri arasında anlamlı fark yoktu 
(sırasıyla 0,0522 ve 0,0786) Hem acil servise başvuru Netrin-1 dü-
zeyinin hem de 3. gün netrin-1 düzeyinin istatistiksel olarak morta-
lite ile ilişkisi yoktu. (p sırasıyla: 0,075, 0,254)

Sonuçlar: Sonuçlarımız Netrin-1 ‘in sepsis ve septik şok tanısında 
etkili bir biyobelirteç olduğunu göstermektedir. Ancak netrin –1’in 
sepsis ve septik şok tanılı hastalarda mortalitenin bir gösterisi ve 
klinik risk skorlamaları için risk faktörü olmadığını gösterdik.
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Introduction

Sepsis is defined as life-threatening organ dysfunc-
tion caused by an irregular host response to infection1. 
Sepsis affects approximately 50 million individuals 
worldwide each year and causes 11 million deaths2–3. 
Therefore, it has become one of the leading causes 
of critical illness and mortality3. The World Health 
Organization emphasizes sepsis as a health priority 
due to the growing incidence of this condition every 
year and its significant societal and economic con-
sequences3–6. Despite significant advances in under-
standing the pathophysiology, making a diagnosis, and 
providing supportive treatment options for sepsis, the 
mortality rates associated with sepsis and septic shock 
in emergency departments and intensive care units re-
main very high4–8. Relevant guidelines recommend us-
ing scoring systems, such as the acute physiology and 
chronic health evaluation (APACHE)-II and the se-
quential organ failure assessment (SOFA) for the early 
diagnosis of sepsis and septic shock and predicting 
mortality5–9. Prompt identification and implementa-
tion of suitable therapy within the initial hours follow-
ing the onset of sepsis enhance treatment outcomes6–9. 
Numerous biomarkers have been investigated for the 
early diagnosis of sepsis and patients’ responses to in-
fection and treatment, as well as to help clinicians pre-
dict risk and plan treatment6–13.

Netrins are laminin-like proteins that direct axonal 
migration and neuronal growth in the central nervous 
system14–16. Netrin-1 has been found to possess chemo-
attractive or chemo-repulsive properties in various bio-
logical processes other than neuronal developmen14–18. 
In addition, netrin-1 has been shown to play an impor-
tant role in cell adhesion, cell migration, proliferation, 
and cell survival in tissues16–21. In this context, netrin-1 
has been reported to regulate organogenesis, angiogen-
esis, tumorigenesis, and inflammation18–22. As in neu-
ronal development, netrin-1 plays an important role in 
the inflammation process by directing the migration of 
neutrophils and, in particular, monocytes in inflamed 
tissue20–25. Due to these characteristics of netrin-1, the 
level of this protein is likely to change infective con-
ditions, such as sepsis and septic shock. Therefore, the 
current study aimed to determine whether netrin-1 
was an effective marker for the diagnosis, treatment 
follow-up, and prognosis evaluation of patients with 
sepsis and septic shock.

Material and Method

Study Design and Participants

This observational and prospective study was conduct-
ed at the emergency medicine clinic of our hospital 
from October 2013 to March 2014 after receiving ap-
proval from the local ethics committee (approval num-
ber: 2013/24). Seventy-one patients with sepsis and 
50 volunteers without any disease were included in the 
study. The control group included people over 18 with-
out acute or chronic disease who came to the hospital 
for routine screening. Volunteer patients who met the 
criteria for sepsis or septic shock at the emergency de-
partment and were over the age of 18 were included in 
the sample. The classification of sepsis and septic shock 
was made according to the most recent definitions 
(Sepsis-3)1, Demographic characteristics, medical his-
tory, vital signs, laboratory findings, length of hospital 
stay, and mortality status were recorded for the patients 
admitted to the intensive care unit or inpatient ward 
from the emergency department. The Glasgow Coma 
Scale (GCS), APACHE II22, and SOFA21 scores were 
calculated to determine the severity of organ dysfunc-
tion and clinical condition. Patients with acute and/or 
chronic kidney disease, a history of cerebrovascular ac-
cident, neurological disease, liver failure, or malignan-
cy, pregnant and breastfeeding women, and patients 
who died or were discharged within 72 hours after pre-
senting to the emergency department were excluded 
from the study. All patients were treated according to 
the recommendations of the sepsis guidelines1

.

Laboratory Analysis

To evaluate netrin-1 levels, blood samples were taken 
within 15 minutes following presentation to the emer-
gency department (day 1) and placed in tubes contain-
ing ethylenediaminetetraacetic acid on the third day af-
ter presentation. After centrifugation at 2.800 rpm for 
20 min at 4°C, plasma samples were placed in Eppendorf 
tubes and stored at -80°C until analysis. Netrin-1 levels 
were measured in duplicate assays using enzyme-linked 
immunosorbent assay kits (MyBioSource MBS044526; 
MyBioSource, Inc., San Diego, California), and the re-
sults were expressed in picograms (pg) per mg.

The netrin-1 levels of the patients were compared 
according to routinely checked infection markers 
evaluated on the first and third days, clinical (GCS, 
APACHE-II, and SOFA) scores, treatment efficacy, 
and mortality status.
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Statistical Analysis

The data obtained from the study were given as me-
dian (interquartile range) and mean ± standard de-
viation values. P values of <0.05 were considered 
statistically significant. Statistical analyses were 
undertaken using descriptive statistics, and non-
parametric data were compared between groups us-
ing the Kruskal-Wallis and Mann-Whitney U tests. 
The data were transferred to electronic media and 
analyzed using the IBM Statistical Package for Social 
Sciences (SPSS) program version 15.0 software pack-
age. Numerical data were compared according to the 
outcome. Multivariate logistic regression analysis re-
vealed the relationship between different parameters 
and outcomes. Sepsis findings and numerical param-
eters were evaluated using the Mann-Whitney U test, 
and the t-test was conducted.

Results
The study included 121 individuals: 71 (58.7%) were 
patients with sepsis or septic shock, and 50 (41.3%) were 
healthy controls. Male patients constituted 61.9% (44) of 
the case group and 56% of the control group. The mean 
age was 72±22 years for the case group and 67±21 years 
for the control group. In the evaluation of the case group, 
27 (38%) patients were found to have sepsis, while 44 
(62%) had septic shock. Table 1 shows the distribution of 
the demographic data for the case and control groups.

The distribution of the netrin-1 levels of the case and 
control groups is presented in Figure 1. The netrin-1 
levels evaluated at the time of presentation to the 
hospital were significantly higher among the patients 

with sepsis and septic shock than the control group (p 
<0.0001). However, there was no significant difference 
between the presentation and third-day netrin-1 levels 
of the patients with sepsis and septic shock (p: 0.0522 
and 0.0786, respectively). The laboratory values   of the 
case and control groups are given in Table 2.

Table 1. Clinical and demographic data of the sample

 Variables Control group 
(n=50) 

Case group (n=71)  P-value 

Diagnosis (c)  Sepsis 
(n=27) 

Septic shock 
(n=44) 

 

Age (years) 67 (21) 71±18 73±20 0.128 

Male sex 28 (56%) 18 (25.3%) 26 (36.6%) 0.094 

APACHE-II score 
(at presentation) 

 19.75±5.81 22.17±7.81  

SOFA (at 
presentation) 

 8.22±3.55 9.86±2.69  

GCS score (at 
presentation) 

 14.9   

Diabetes mellitus  8 (19.5%) 64 (32.7%) 0.096 

Hypertension  13 (31.7%) 28 (14.3%) 0.007* 

Coronary artery 
disease 

 32 (78.0%) 112 (57.1%) 0.013* 

Cerebrovascular 
accident

 11 (26.8%) 68 (34.7%) 0.331 

Source of infection: 
abdomenc 

 11 (43.9%) 24 (25.5%) 0.018* 

Source of 
infection: lungsc 

 10 (61.0%) 21 (25.0%) <0.001* 

Source of infection: 
soft tissuec 

 3 (61.0%) 2 (25.0%) <0.001* 

Survival status: 
survivalc 

 20 15 <0.001* 

Survival status: 
mortalityc 

  1 29  

Treatment: 
mechanical 
ventilationc

 2 22 0.004* 

Type of infection: 
bacterial Gram-
negativec

 12 25 <0.001* 

Type of infection: 
bacterial, Gram-
positivec

 8 17 0.007* 

Type of infection: 
fungalc

 4 8 0.246 

Type of infection: 
unknownc 

 7 5 0.006* 

Mixed infection 
(2 or more 
pathogens) c 

 8 9 <0.001* 

aMean ± standard deviation, bMedian (first-third quartile), cNumber (percentage) of patients.
APACHE-II, acute physiology and chronic health evaluation-II; SOFA, sequential organ failure 
assessment, GCS: Glasgow Coma Scale.Figure 1. Distribution of netrin-1 levels in patient and control groups.
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sepsis biomarkers can complement clinical assessment, 
and many researchers have investigated novel biomark-
ers in sepsis13,27. Therefore, in the current study, we in-
vestigated whether netrin-1 was an effective biomarker 
in predicting diagnosis, response to treatment, and 
prognosis in patients with sepsis. To our knowledge, 
this is the first study in the literature to explore the re-
lationship between netrin-1 and sepsis.

This study revealed high netrin-1 levels in patients with 
sepsis and septic shock when they presented to the emer-
gency department. However, these patients’ netrin-1 
levels did not increase in the following days. In addition, 
neither the presentation nor the third-day netrin-1 level 
had any significant relationship with mortality. There 
was also no significant correlation between netrin-1 and 
clinical scores, such as APACHE II and SOFA.

In the study conducted by Hwang et al. in 29618 in-
tensive care patients, Apache and Sofa scores were sig-
nificantly higher in those who died compared to those 
who did not die28.

Likewise, Kramer et al. found that Apache score was an 
indicator of mortality in a study conducted on 5000 

While the procalcitonin (PCT), C-reactive protein 
(CRP), and lactate levels and the APACHE II, SOFA, 
and GCS scores were associated with mortality in the 
presence of sepsis, neither the presentation nor the 
third-day netrin-1 level had a statistically significant re-
lationship with mortality (p=0.075 and 0.254, respec-
tively). The relationship of the remaining laboratory 
values   and scoring systems with mortality is shown in 
Table 3. There was no correlation between netrin-1 lev-
els and the APACHE II, SOFA, or GCS scores.

Discussion

Sepsis, a prevalent condition accompanied by life-
threatening organ dysfunction as a result of irregu-
lar host response to infection, is responsible for high 
mortality and morbidity rates as well as decreased 
quality of life4,13,28. In this serious condition, biomark-
ers guide the diagnosis of infection, prognosis deter-
mination, treatment response, and/or clinicians’ risk 
prediction10–13,26. Prominent biomarkers used in sepsis 
include PCT and CRP. In addition, the existing guide-
lines on the management of sepsis also mention that 

Table 2. Comparison of the first-day and third-day values of selected parameters between the study groups

Parameters (evaluation time) Control (C) Sepsis (A) Septic shock (B) p (C vs. A) p (C vs. B) p (A vs. B) Global p (ranked ANOVA) 

Netrin-1 (pg/mL) (day 1) 1.36±0.19 1.57±0.19 1.61±0.28 <0.0001 <0.0001 0.0522 <0.0001 

Netrin-1 (pg/mL) (day 3)  1.60±0.19 1.63±0.29   0.0786  

CRP (mg/L) 12.54±9.8 78.12±59.6 158±78.6 <0.0001 <0.0001 <0.0001  

PCT (µg/L) 0.04±0.01 3.9 (1.9–14.2) 20.9 (7.9–44.2) <0.0001 <0.0001 <0.0001  

Lactate (pg/mL) 0.54±0.26 4.1 (3.9–9.1) 8.1 (3.9–19.1) <0.0001 <0.0001 <0.0001  

ANOVA, analysis of variance, PCT, procalcitonin; CRP, C-reactive protein. Statistically significant values (p <0.05) are shown in bold.

Table 3. Evaluation of parameters related to survival status

Parameters (evaluation time) 

Survival status

P Survival Mortality 

Netrin-1 (pg/mL) (day 1) 1.57±0.19 1.61±0.28 0.075 

Netrin-1 (pg/mL) (day 3) 1.57±0.19 1.61±0.28 0.254 

CRP (mg/L) (day 1) 78.12±59.6 158±78.6 <0.001 

PCT (µg/L) (day 1) 3.9 (1.9–14.2) 20.9 (7.9–44.2) <0.001 

Lactate (pg/mL) (day 1) 4.1 (3.9–9.1) 8. 1(3.9–19.1) <0.001 

APACHE-II score (at presentation) 17.45±5.91 23.47±7.94 <0.001 

SOFA score
(at presentation) 

7.72±3.15 9.97±3.49 0.0098 

GCS score (at presentation) 14.9(12–15) 13.8(7–15) 0.032 

PCT, procalcitonin; CRP, C-reactive protein, APACHE II, acute physiology and chronic health evaluation-II; SOFA, sequential organ failure assessment, GCS: Glasgow Coma Scale. Statistically significant values (p 
<0.05) are shown in bold.
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Conclusions
Our results showed that netrin-1 was an effective 
biomarker for diagnosing sepsis and septic shock. 
However, netrin-1 was not a risk factor for mortality or 
clinical risk scores in these patients. Given the complex 
nature of sepsis, further studies are needed to investi-
gate the combination of netrin-1 and other biomark-
ers reflecting different biological pathways in terms of 
their ability to predict early diagnosis and prognosis.
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