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	 Backgrounds:	 Acute lung injury (ALI) often occurs early and seriously in the progress of sepsis. Netrin-1 is demonstrated to 
be an effective anti-inflammatory agent. However, whether netrin-1 can relieve sepsis-induced ALI remains 
unknown.

	 Material/Methods:	 The sepsis rat model was built with the method of cecal ligation and puncture (CLP). The lung tissue changes 
were represented as the results of hematoxylin-eosin (HE) staining, wet-to-dry (W/D) ratio, Western blot anal-
ysis, and immunohistochemistry. An in vitro lung injury model was simulated with LPS-induced BEAS-2B cells. 
The cell transfection effects were evaluated by Western blot analysis and RT-qPCR analysis. TNF-a, IL-1b, and 
IL-6 levels were detected by Western blot analysis in LPS-induced BEAS-2B cells.

	 Results:	 Obvious inflammation caused by sepsis appeared in lung tissues with the increase of the W/D ratio and ex-
pression of inflammatory cytokines. Netrin-1 and its receptor UNC5B were reduced in sepsis. However, upreg-
ulation of netrin-1 alleviated the levels of inflammation and increased the UNC5B levels in BEAS-2B cells.

	 Conclusions:	 Netrin-1 protects against ALI in sepsis rats through its anti-inflammation effect and may provide a novel treat-
ment to prevent lung injury caused by sepsis.
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Background

Sepsis is a systemic inflammatory response syndrome (SIRS) 
that is often secondary to severe infection, burn injury, wounds, 
and major surgery. It is a refractory disease with high mor-
bidity and mortality rates. The case fatality rate of sepsis is 
about 30–50% [1]. In sepsis, acute lung injury (ALI) appears 
earliest and is a main cause of death. Sepsis-related mortali-
ty can reach 70% [2,3]. ALI is a difficult problem encountered 
in clinical practice.

Excessive inflammatory response is a main mechanism of sep-
sis-induced ALI [4]. During sepsis, many inflammatory medi-
ators and lipid metabolites enter into the blood circulation, 
which stimulate inflammation recruitment and activation of 
cells in lung tissue to produce cytokines, chemokines, and 
oxygenation. Based on the above changes, the inflammato-
ry response is expanded to form a cascading chain reaction. 
The imbalance of pro-inflammatory/anti-inflammatory medi-
ators causes damage to lung capillary endothelial cells and al-
veolar epithelial cells and increases permeability of alveolar 
capillary membranes for water and protein, which form per-
meable pulmonary edema [5,6]. Many studies indicate that the 
inflammatory response during sepsis is successfully relieved 
by many different agents with antioxidant properties [7–9]. 
Therefore, to effectively treat sepsis-induced ALI, attenuating 
inflammation is crucial.

Increasing evidence shows that exosomes can transfer pro-
tein, cytokines, mRNA, and miRNAs from donor cells to recipi-
ent tissues. Exosomes released by lung epithelial cells can ef-
fectively improve lung injury in mice by restoring integrity of 
pulmonary capillaries to reduce lung inflammation and ede-
ma formation [10]. Netrin-1 is initially an anti-inflammatory 
factor that can control axial growth and cone shift in the cen-
tral nervous system during neuro-development. Netrin-1 can 
promote leukocyte movement into the acute inflammatory 
region [11]. Studies have shown that netrin-1 participates in 
the anti-inflammatory effect by activating the A2BAR recep-
tor protein [12,13]. However, the role of netrin-1 in sepsis has 
been rarely studied. Netrin-1 was shown to be a biomarker of 
acute kidney injury in sepsis [14,15]. In addition, studies have 
shown that netrin-1 can reduce the kidney injury induced by 
inflammation by binding to its receptor UNC5B, as well as re-
ducing neuroinflammation and brain injury [16]. However, 
whether netrin-1 can relieve the inflammation of ALI in sep-
sis has been rarely studied.

Therefore, this study assessed the expression and mechanism 
of netrin-1 in ALI caused by sepsis.

Material and Methods

Sepsis rat model

Twenty male Sprague-Dawley (SD) rats (6 weeks old, weighing 
180–220 g) were supplied by Shanghai Jiesijie Experimental 
Animal Co. Twenty rats were fed with standard food and wa-
ter in a room at 22±2°C with 12-h light/12-h dark cycle for 
1 week. After fasting for 12 h, male SD rats were anesthetized 
by intraperitoneal injection of thiopental sodium and then were 
fixed with skin preparation and routine disinfection. Rats in 
the model group were treated with cecal ligation and perfora-
tion to form the sepsis model. The standard steps of the sep-
sis model follow the method described by Rittirsch et al. [17]. 
The abdominal skin was cut for about 2 cm, and the cecum 
was probed with sterile tweezers. The cecum was gently pulled 
out and the root of the cecum was ligated. The ileocolonic-
colon was kept unobstructed. Then, the cecum was perforat-
ed at the head and tail of the cecum with 18-G sterile needles. 
The 2 holes were about 1 cm apart. The cecum was returned to 
the abdominal cavity and the muscles and skin were sutured 
layer by layer. Rats in the control group only had the abdom-
inal cavity opened and the cecum exposed, without ligation.

Hematoxylin-eosin (HE) staining.

The right lung tissues taken from each rat were stained with 
HE (Sigma-Aldrich). The right lung tissues were fixed in 4% 
paraformaldehyde for 12 h and then embedded in paraffin wax 
blocks. We stained 5-mm paraffin sections with HE. The stained 
images were obtained with a digital camera (Olympus BX 53 
microscope, Tokyo, Japan).

Detection of wet-to-dry (W/D) ratio of lung tissue.

The right lung middle lobes were obtained from each rat. Filter 
paper was used to drain blood from the surface of the right 
lung middle lobes, and the wet weight of the right lung mid-
dle lobe was immediately weighed. Then, the lung tissue was 
dried in an oven at 75°C for 72 h and the dry weight was im-
mediately measured. The W/D ratio was calculated from the 
ratio of wet to dry lung mass.

Western blot analysis

In brief, total protein was isolated with RIPA lysis buffer at 
14 000 g for 15 min at 4°C. The proteins were separated using 
12% sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvinylidene difluoride 
(PVDF) membranes. The membranes were blocked with 5% dry 
nonfat milk in PBST for 1 h and incubated with primary anti-
bodies against TNF-a (cat no. 3707; Cell Signaling Technology, 
Inc.; dilution, 1: 1000), IL-1b (cat no. 12703; Cell Signaling 
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Technology, Inc.; dilution, 1: 1,000), IL-6 (ab6672; Abcam, USA; 
dilution, 1: 1000), netrin-1 (ab126729; Abcam, USA; dilution, 
1: 1000), UNC5B (ab104871; Abcam, USA; dilution, 1: 500), 
and GAPDH (cat no. 5174; Cell Signaling Technology, Inc.; dilu-
tion, 1: 1000) overnight at 4°C and then incubated with horse-
radish peroxidase-conjugated goat anti-rabbit secondary an-
tibody (Santa Cruz Biotechnology, Santa Cruz, CA) for 1 h at 
37°C. Finally, membranes were washed with PBST and the 
protein bands were detected using an ECL Western blot kit 
(Amersham Biosciences, UK).

Immunohistochemistry

The 5-μm lung slices were deparaffinized, treated with 3% hydro-
gen peroxide, blocked with 5% normal rabbit serum for 1 h, and 
incubated with primary antibodies against netrin-1 (ab126729; 
Abcam, USA; dilution, 1: 500) and UNC5B (ab104871; Abcam, 
USA; dilution, 1: 500) at 4°C overnight. Then, lung slides were in-
cubated with a biotinylated secondary IgG antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA) for 90 min. The sections were coun-
terstained with HE, dehydrated, and fixed on glass slides with 
neutral resin. The sections were observed using an LSM 5 PASCAL 
confocal microscope (Carl Zeiss AG, Oberkochen, Germany).

Cell culture

The human normal lung epithelial cells BEAS-2B cell lines (ATCC, 
CRL-9609) were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) (Gibco, Grand Island, NY, USA), with 10% fetal bovine 
serum (FBS) (HyClone, Australia) and 1% antibiotic-antimycot-
ic solution in a humidified atmosphere at 37°C with 5% CO2.

Cell transfection

The BEAS-2B cells, reseeded into a 12-well-plate, were cul-
tured to reach 80% confluence before transfection. The pcDNA 
and pcDNA-netrin-1 were transfected into BEAS-2B cells us-
ing Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the manufac-
turer’s protocol. BEAS-2B cells, receiving no treatment, were 
identified as the control group. Subsequent experiments were 
performed after 48 h of cell transfection. Western blot analysis 
and RT-qPCR analysis were used for the assessment of trans-
fection effects by detecting netrin-1 expression.
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Figure 1. �Effect of sepsis on lung tissue. (A) Lung pathological changes. (B) Wet-to-dry (W/D) ratio of lung tissue. * P<0.05, ** P<0.01 
and *** P<0.001 vs. control group.
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RT-qPCR analysis

Total RNA was extracted from BEAS-2B cells with an RNA ex-
traction kit (Beijing Tianenze Gene Technology Co., Beijing, 
China), which was used for the production of cDNA using a 
RT-qPCR kit (Hangzhou Bioer Technology Co., Zhejiang, China). 
The thermal cycling conditions were including: initial denatur-
ation: 95°C for 2 min, denaturation at 95°C for 30 s, annealing 
at 59°C for 45 s, and elongation at 72°C for 60 s for 30 cycles, 
followed by elongation at 72°C for 7 min. GAPDH was used 
as the endogenous control for the expression levels of mRNA. 
The primer sequences for qPCR were as follows:
GAPDH forward, 5’-TATGTCGTGGAGTCTACTGG-3’, and
reverse, 5’-AGTGATGGCATGGACTGTGG-3’;
netrin-1 forward, 5’-CCCTGGTTACTGCCTCTTGA-3’, and
reverse, 5’-ACTTTGCTGCCTCCTCTGAA-3’.
The results were presented as fold changes relative to GAPDH 
and calculated using the 2–DDCq method.

Lung injury cell model

BEAS-2B cells (106 cells per well) were inoculated into 6-well 
plates at 37°C with 5% CO2 before treatment. The BEAS-2B 
cells in LPS group were treated with 1 μg/ml LPS for 48 h. 
pcDNA-netrin-1 was transfected into LPS-induced BEAS-2B 
cells using Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.).

Statistical analysis

The statistical analysis of data was performed with SPSS 25.0 
software. The t test was used to analyze differences between 
2 groups, and one-way analysis of variance (ANOVA) was used 
to analyze differences between multiple groups (p<0.05). Data 
are shown as mean ± standard error.
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Figure 2. �Effect of sepsis on the expression of inflammatory factors, netrin-1, and its receptor UNC5B in lung tissues. 
(A) The expression of TNF-a, IL-1b, and IL-6 was detected by Western blot analysis. ** P<0.01 vs. control group. 
(B) The expression of netrin-1 and UNC5B was detected by Western blot analysis. ** P<0.01 vs. control group.
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Results

Effect of sepsis on lung tissue

The pathologic changes of lung tissue were analyzed with 
HE staining. In the control group, there was no obvious lung 
pathological change in rats. There were obvious pathological 
changes of lung in the model group, including alveolar con-
gestion, hemorrhage, edema, infiltration of inflammatory cells 
in the airspace, atelectasis, and hyaline membrane formation 
(Figure 1A). The lung W/D ratios in the model group were high-
er than that in the control group at all time points (Figure 1B). 
These results indicate that sepsis changes the normal lung tis-
sue and causes severe edema in the inflamed lung tissues.

Effect of sepsis on the expression of inflammatory factors, 
netrin-1, and its receptor UNC5B in lung tissues

As shown in Figure 2, levels of inflammatory factors (TNF-a, 
IL-1b, and IL-6) were increased in the model group, while the 

expression of netrin-1 and UNC5B was decreased compared 
with the control group. The results of immunohistochemistry 
(Figure 3A) verified the results of the Western blot (Figure 2). 
Therefore, sepsis triggers inflammation in the lungs of rats and 
downregulates the expression of netrin-1 and its receptor UNC5B.

Netrin-1 alleviates the expression of inflammatory factors 
in LPS-induced BEAS-2B cells

As shown in Figure 3B and 3C, the expression of netrin-1 was 
upregulated in the pcDNA-netrin-1 group compared with the 
control group and pcDNA group. Compared with the 0 μg/ml 
group (no LPS acting on cells), the expression of netrin-1 was 
decreased in the LPS-induced group (Figure 4A). The expres-
sion of TNF-a, IL-1b, and IL-6 was increased in the LPS-induced 
group compared with the 0 μg/ml group. The expression of 
TNF-a, IL-1b, and IL-6 was reversed with the transfection of 
pcDNA-netrin-1 and was lower than that in the LPS-induced 
group (Figure 4B). These experimental results show that ne-
trin-1 can reduce the inflammation response.
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Figure 3. �Expression of netrin-1 and UNC5B in lung tissues and verification of Netrin-1 transfection effect. (A) The expression of 
netrin-1 and UNC5B in lung tissues was detected by Immunohistochemistry. (B) The transfection effect of netrin-1 was 
evaluated by Western blot. ** P<0.01 vs. control group. ## P<0.01 vs. pcDNA group. (C) The transfection effect of netrin-1 was 
evaluated by RT-qPCR analysis. ** P<0.01 vs. control group. ## P<0.01 vs. pcDNA group.
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Netrin-1 promotes the expression of UNC5B in LPS-
induced BEAS-2B cells

As shown in Figure 4C, the expression of UNC5B was lower 
in the LPS-induced group compared with the control group. 
However, the expression of UNC5B was reversed with the 
transfection of pcDNA-netrin-1 and higher than that in the 
LPS-induced group. These results show that netrin-1 can im-
prove the expression of UNC5B in LPS-induced BEAS-2B cells.
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Figure 4. �Netrin-1 alleviated the expression of inflammatory factors and UNC5B in LPS-induced BEAS-2B cells. (A) Netrin-1 was 
decreased in BEAS-2B cells treated with LPS. ** P<0.01 vs. 0 μg/ml group. (B) The expression of TNF-a, IL-1b, and IL-6 was 
detected by Western blot analysis after Netrin-1 transfection. ** P<0.01 and *** P<0.001 vs. control group. (C) The expression 
of UNC5B was detected by Western blot analysis after netrin-1 transfection. * P<0.05 and ** P<0.01 vs. control group.

Discussion

Here, we explored whether netrin-1 can relieve the inflam-
mation of ALI in sepsis. Netrin-1 and UNC5B were decreased 
in sepsis, and netrin-1 was reduced in LPS-induced BEAS-2B 
cells. Netrin-1 overexpression alleviated inflammation and up-
regulated UNC5B expression in LPS-induced BEAS-2B cells.
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The early phase of sepsis is characterized by excessive inflam-
mation, regulated by the systemic production of inflammato-
ry cytokines, including IL-1, IL-6, and TNF-a [14,18]. The pro-
inflammatory factor TNF-a can induce lung endothelial cell 
activation, leukocyte migration, granulocyte degranulation, 
and capillary leakage which result in edema to further hin-
der alveolar cell perfusion and oxygen exchange, thus caus-
ing ALI [19]. We found that the levels of IL-1, IL-6, and TNF-a 
in the lung tissue of sepsis rats were increased. And, the path-
ological changes of lung tissue supported the previous find-
ings. The lung W/D ratio was increased in ALI of sepsis rats 
compared with normal rats, showing that inflammatory ede-
ma developed in the lung tissue.

Netrin-1 is the earliest isolated and named intracellular se-
creted soluble protein in the netrin family, which is highly ex-
pressed in the nervous system of many species [20]. Many 
studies have demonstrated that netrin-1 inhibits inflamma-
tion in renal ischemic reperfusion injury, intestinal disease, dia-
betic nephropathy, and corneal disease [21–24]. Ly et al. [25] 
found that netrin-1 expression was related to infection and 
inflammatory factors. The receptor UNC5B of netrin-1 is high-
ly expressed in leukocytes. When netrin-1 binds to its recep-
tor, UNC5B, it inhibits the migration and aggregation of leu-
kocytes in the vascular lumen. Exogenous netrin-1 can inhibit 
apoptosis of renal proximal tubule epithelial cells, stimulate 
their proliferation, and inhibit the production of inflammatory 

cytokines such as inflammatory cytokines and chemotropic cy-
tokines. The anti-inflammation role of netrin-1 in renal isch-
emia reperfusion injury in mice depends on UNC5B [26–28]. 
Mirakaj et al. [29] found that lung injury resulted in downreg-
ulated expression of netrin-1 in lung tissue and aggravated 
lung injury in mice with knockout of netrin-1. In this experi-
ment, netrin-1 and UNC5B changed during ALI induced by sep-
sis, which verified that netrin-1 reduced the lung inflammation 
damage caused by sepsis depending on UNC5B. The expres-
sion of IL-1, IL-6, and TNF-a was increased and expression of 
netrin-1 and UNC5B was decreased in LPS-induced BEAS-2B 
cells. In addition, netrin-1 overexpression relieved the inflam-
matory response by decreasing the expression of IL-1, IL-6, and 
TNF-a, and netrin-1 overexpression promoted the expression 
of UNC5B in LPS-induced BEAS-2B cells.

Conclusions

In conclusion, this study shows that netrin-1 binding to its re-
ceptor UNC5B protects against the ALI induced by sepsis by 
inhibiting inflammation. These findings suggest that netrin-1 
is a potential therapeutic option in sepsis.
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