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Therapeutic effects of topical netrin-4 in a corneal
acute inflammatory model
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Abstract
·AIM: To evaluate the therapeutic effect of netrin-4 on
the early acute phase of inflammation in the alkali -
burned eye.

· METHODS: Eye drops containing netrin -4 or
phosphate buffered saline (PBS) were administered to a
alkali -burn -induced corneal acute inflammatory model
four times daily. The clinical evaluations, including
fluorescein staining and inflammatory index, were
performed on day 1, 4 and 7 using slit lamp microscopy.
Global specimens were collected on day 7 and processed
for immunofluorescent staining. The levels of
inflammatory mediators in the corneas were determined
by real-time polymerase chain reaction (PCR).

·RESULTS: Exogenous netrin -4 administered on rat
ocular surfaces showed more improvements in
decreasing fluorescein staining on day 4 and 7, and
resolved alkali burn-induced corneal inflammation index
on day 7 ( <0.01). The levels of IL-1茁, IL-6, intercellular
cell adhesion molecule -1 (ICAM -1), vascular cell
adhesion molecule-1 (VCAM-1), monocyte chemotactic
protein -1 (MCP -1) and macrophage inflammatory
protein-1 (MIP-1) in corneas were decreased in netrin-4-
treated groups( <0.05). In addition, netrin-4 significantly
reduced the expression of leukocyte common antigen 45
(CD45) in the alkali-burn cornea ( <0.001).

· CONCLUSION: Topical netrin -4 accelerated wound
healing and reduced the inflammation on alkali-burn rat
model, suggesting a potential as an anti -inflammatory
agent in the clinical to treat the acute inflammation.
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INTRODUCTION

A lkali injury to the eye is one of the most common and
devastating ophthalmic emergencies. The corneal alkali

burn model is a well-established severe ocular surface
disease model that causes corneal epithelial defects,
prominent corneal acute inflammation, corneal
neovascularization, and reduced corneal transparency[1,2]. It is
widely used to study the mechanism and therapies of acute
inflammation and angiogenesis, due to the easy local
administration of medicine, well accessible position for
observation, and the relatively immune-privileged status of
the cornea[3].
Netrins are laminin-like secreted proteins, initially identified
as axonal guidance molecules [4,5]. The netrin system
comprises at least five ligands (netrins 1, 2, 4, G1a, and G1b)
and seven receptors (neogenin, deleted in colorectal cancer,
Unc5A, Unc5B, Unc5C, Unc5D, and A2b) [6,7]. Netrin-4 is a
recently identified member of the netrin family[8,9]. Netrin-4 is
expressed in both neural and nonneural tissues [10-13]. Netrin-4
promotes neurite outgrowth and regulates vasculogenesis [14].
Netrin-4 is an pro-angiogenesis [15-18] or anti-angiogenesis
factor[19-21]. Netrin-4 has also been shown to regulate epithelial
branching morphogenesis in the breast, lung and pancreas
and endothelial proliferation [22-25]. And recent studies found
that netrin-4 expression was down-regulated in tumors [26,27].
Netrin-4 induces lymphangiogenesis , whereas it may
act as a negative regulator of corneal epithelial cell
proliferation and retinal branching in ocular tissues [28,29].
Moreover, endothelial cell-derived netrin-4 supports adhesion
and differentiation of pancreatic epithelial cells [30]. Another
netrins family member netrin-1 in acute inflammation models
in tissues such as the cornea[31], colon[32], lungs[33-35], or kidneys[36].
Recently, netrin-1 was found to be a negative guidance cue
for leukocyte migration [33,35], which indicates the
anti-inflammatory potential of netrin-1. Several
studies have been conducted to evaluate the effect of netrin-1
on animal disease models, such as subcutaneous application
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for experimental colitis, intraperitoneal injection for
peritonitis, and inhalation or intravenous injection for
lipopolysaccharide-induced pulmonary injury [32,34,37]. These
studies have shown the potent effect of netrin-1 on reducing
neutrophil infiltration, while the mechanism is variously
dependent on receptor A2BAR [32,34,37] or UNC5B [35]. But until
now, nothing is known about the roles of netrin-4 in the
inflammation.
Here, we provide evidence that netrin-4 functions as an
anti-inflammatory factor in the acute phase of inflammation.
We show that netrin-4 promotes ocular surface wound
healing and alleviates the early inflammatory index on
alkali-burn rat model. We demonstrate that netrin-4
suppresses mRNA levels of proinflammatory cytokines, and
chemokines in the alkali-burn cornea. Moreover, netrin-4
significantly decreased leukocyte infiltration in the
alkali-burn cornea. Taken together, the data demonstrate that
netrin-4 functions as an anti-inflammatory factor in the acute
phase of inflammation.
MATERIALS AND METHODS
Animal Model of a Corneal Alkali Burn and Treatment
With the Ophthalmic Solutions Wistar rats (180-220 g,
2 months old, male, =12 per time point) were used in the
study. Animal experiments were performed in accordance
with the guidelines of the Association for Research in Vision
and Ophthalmology (ARVO) statement for the Use of
Animals in Ophthalmic and Vision Research, and the animal
experimental procedures were approved by the Experimental
Animal Committee of Xiamen University. All rats were
confirmed as being free of ocular diseases before the
experiments. Rat corneal alkali burns were conducted as
previously reported [30,31]. The procedure was performed
unilaterally (right eye) in each rat. In brief, the animals were
anesthetized with intraperitoneal ketamine (60 mg/kg), and a
filter paper disc (3 mm in diameter) incubated with 1 mol
NaOH for 60s was then placed on the central cornea of the
right eye for 30s. The ocular surface was then rinsed with 30
mL of phosphate buffered saline (PBS).
After the alkali burn injury, the animals were randomly
divided into two groups of equal size. Rats in one group were

topically administered with PBS (four times per day, 10 滋L
each), and the rats in the other group were topically applied
with recombinant mouse netrin-4 (R&D Systems, Minneapolis,
MN, USA) using pipette (four times per day, 10 滋L each, at
the concentration of 5.0 滋g/mL in PBS). The treatments were
administered for 7 consecutive days. Normal rats without
alkali burn injuries were used as controls. After different
durations, the animals were euthanized and their eyes were
enucleated. The corneas were then dissected and stored at
-80℃ for histologic studies or used for RNA or protein
extraction.
Slit -lamp Microscopic Observation Animals were
examined daily using a slit-lamp microscope after the alkali
burns were applied. Corneal images were obtained by an
experienced researcher (Shao Y). Corneal epithelial defects
were determined by staining the ocular surface with 0.1%
fluorescein sodium and observation under cobalt blue light.
Images were processed using image-processing software
(Image Pro Plus V6.0; Media Cybernetics, Silver Spring,
MD, USA). The inflammatory index was analyzed based on
parameters including ciliary hyperemia, central corneal
edema, and peripheral corneal edema as previously
described[32].
Ribonucleic Acid Isolation and Real -time Polymerase
Chain Reaction Total RNA of the corneas was extracted
using the Trizol reagent (Invitrogen), and cDNA was
synthesized using a reverse transcription kit (RR047A;
TaKaRa, Shiga, Japan). Real-time polymerase chain reaction
(PCR) was performed on a StepOne real-time PCR system
(Applied Biosystems, Alameda, CA, USA) using a synergy
brands (SYBR) Premix Ex Taq Kit (RR420A; TaKaRa), and
the primer sequences are summarized in Table 1. The
amplification program included an initial denaturation step at
95℃ for 10min, followed by 40 cycles of 95℃ for 10s, and
60℃ for 30s, after which a melt curve analysis was
conducted to check amplification specificity. The results of
quantitative PCR were analyzed by the comparative threshold
cycle (Ct) method, normalized with 茁-actin as an endogenous
reference, and calibrated against the normal control group.

Table 1 Rat primer sequences used for qRT-PCR  
Gene Sense primer Antisense primer PCR product (bp) 

IL-6 CACAAGTCCGGAGAGGAGAC ACAGTGCATCATCGCTGTTC 168 
IL-1β CTGTGACTCGTGGGATGATG GGGATTTTGTCGTTGCTTGT 210 
ICAM-1 ACGCAGTCCTCGGCTTCTG GGTTCTTGCCCACCTGCTG 97 
VCAM-1 ACAAAACGCTCGCTCAGATT GTCCATGGTCAGAACGGACT 152 
Ccl2 (MCP-1) ATGCAGTTAATGCCCCACT TTCCTTATTGGGGTCAGCAC 167 
Ccl3 (MIP-1α) TGCCCTTGCTGTTCTTCTCT AAAGGCTGCTGGTCTCAAAA 152 
GAPDH GCAAGTTCAACGGCACAG GCCAGTAGACTCCACGACAT 140 

PCR: Polymerase chain reaction; ICAM-1: Intercellular cell adhesion molecule-1; VCAM-1: Vascular cell adhesion molecule-1; 
MCP-1: Monocyte chemotactic protein-1; MIP-1α: Macrophage inflammatory protein-1α. 
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Immunofluorescent Staining Immunofluorescent staining
was performed in cryosections (6 滋m thick) of the eyeballs.
Sections were fixed in acetone at -20℃ , blocked, and then
incubated at 4℃ overnight with mouse anti-common antigen
45 (CD45) antibody (1:100; eBioscience, San Diego, CA,
USA). After incubation with Alexa Fluor 594 donkey
anti-mouse IgG (1:500; Invitrogen, Carlsbad, CA, USA),
sections were counterstained with DAPI (Vector,
Burlingame, CA, USA), mounted, and photographed using
the Leica upright microscope (DM2500; Leica Microsystems,
Wetzlar, Germany).
Statistical Analysis Summary data were reported as
mean依SD. The Student's -test was applied in the analysis of
all experimental data using the GraphPad Prism 5.0 software.
Differences with value <0.05 were considered statistically
significant.
RESULTS
Effect of Local Administration of Netrin-4 on Corneal
Epithelial Wound Healing To investigate the mechanism
that netrin-4 implements its effect on alkali burn-induced
corneal inflammation, we first investigated the corneal
epithelial wound healing after the alkali burns. The
fluorescein staining showed that corneal epithelial defects
were completely healed on day 7, when the corneas were
treated with 5.0 mg/mL netrin-4, while the corneas treated
with PBS did not heal (Figure 1A).
Effect of Local Administration of Netrin-4 on Corneal
Inflammatory Index Alkali burn can cause severe corneal
inflammation. One day after the alkali burns, the central
stroma of the rat cornea appeared opaque and edematous
(Figure 1A). In the PBS group, the central cornea maintained
opaque appearance and there was scar formation on day 7
(Figure 1A). However, there was only mild edema and no
scar formation in corneas treated with netrin-4 for 7d (Figure
1A). The inflammatory index showed slight decrease from
day 1 to 7 in PBS group, while there was dramatic reduction
in the netrin-4 group, and there was significant difference
between the two groups at day 7 (Figure 2B).
Effect of Netrin -4 on Corneal Inflammation Factors
mRNA Expression To evaluate the effect of netrin-4 on the
corneal inflammation factors mRNA expression caused by
alkali-burn after day 2, 4 and 7, real-time PCR for the levels
of proinflammatory cytokines, chemokines, and adhesion
molecules in the corneas were performed. The data of
real-time PCR revealed the increases of mRNA expression of
IL-1茁, IL-6, intercellular cell adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1),
monocyte chemotactic protein-1 (MCP-1) and macrophage
inflammatory protein-1 (MIP-1) in the alkali-burn-induced
corneas, which were dramatically decreased after the netrin-4
treatment after day 2, 4 and 7 induced by alkali-burn
(Figure 2).

Effect of Local Administration of Netrin-4 on Corneal
Inflammatory Cell Infiltration after Corneal Alkali
Burns To further illustrate the mechanism that netrin-4
inhibits corneal inflammation, we conducted immunostaining
of CD45 antibodies to detect macrophage infiltration after
alkali burns after day 7. No macrophages were infiltrated in
the normal corneal stroma, while CD45 positive cells were
increased significantly in the control group (Figure 3A-C).
However, there were less CD45 positive cells in
netrin-4-treated groups (Figure 3E). The CD45 positive cells
quantification showed a significant difference between
groups at day 7 (Figure 3G).
DISCUSSION
The corneal epithelium plays important roles in the
maintenance of corneal function and integrity. Corneal
epithelial defects resulting from corneal injury such as a
chemical burn may heal inappropriately and lead to corneal
opacification, neovascularization, infection, and visual loss[33].
Alkali burn can cause severe acute corneal inflammation. For

Figure 1 Netrin -4 promotes corneal epithelial wound healing
after alkali burns A: Fluorescein staining showed central corneal
epithelial defects at day 1 after the alkali burns, and there was
gradual decrease of the epithelial defect areas at day 4 and 7 in both
groups. The epithelial defects were completely healed on day 7, if
the corneas were treated with netrin-4, while the corneas treated
with PBS did not heal. Images at different time points are sequential
pictures from the same rat eye treated with either PBS or netrin -4.
B: The inflammatory index of the ocular surface declined from day 1
to 7 in both groups. However, it was significantly lower in eyes
treated with netrin-4 at day 7 (b <0.01). The figure is a summary of
three experiments with =3 corneas per time point per group per
experiment.
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the first time, our study evaluated the effects of netrin-4 using
an acute wounding model, in the early stage of the rat
corneal alkali burns, which presents severe inflammation. We
found that netrin-4 could reduce corneal inflammation, and
meanwhile, promote wound healing in corneal alkali burns.
It has been recognized widely that the ocular surface
inflammation has a critical role in the pathogenesis of
alkali-burn eye. Increased proinflammatory cytokines and
inflammatory cell infiltration are found in the ocular surface
and lacrimal tissues of alkali-burn patients. Therefore, the
efficacy of a variety of anti-inflammatory agents for the
treatment of alkali-burn disease has been evaluated. To this
day, the standard anti-inflammatory treatment of ocular
inflammation, despite its many side effects, remains
corticosteroid therapy, and has been proven to decrease the
production of inflammatory cytokines, chemokines [34]. In the
alkali-burn-induced corneal acute inflammatory model, the
expression of pro-inflammatory cytokines IL-1茁, IL-6,
chemokines MCP-1, MIP-1, adhesion molecules ICAM-1,
and VCAM-1, as well as infiltration of CD45-positive
macrophages in the corneas were elevated, mimicking the
inflammatory features of human alkali-burn eye. After the
netrin-4 treatments, the expression of proinflammatory
cytokines, chemokines, and macrophage infiltration were
decreased.
Our study clearly demonstrated that netrin-4 could dampen
alkali burn-induced the early acute phase of inflammation.
Netrin-4 strongly inhibits macrophage infiltration in the
intermediate phase of the wounding. Macrophages act in
concert with neutrophils to phagocytose debris and invading
pathogenic microorganisms and are a source of growth
factors that promote resolution of inflammation as well as

Figure 2 Netrin-4 inhibits cornea inflammation, adhesion and chemotactic factors induced by alkali-burn Corneal inflammation
evaluated by real-time PCR for the mRNA expression of IL-1茁 (A), IL-6 (B), MIP-1 (C), MCP-1 (D), ICAM-1 (E) and VACM-1 (F) in the
corneas of each group. The figure is a summary of three experiments with =3 corneas per time point per group per experiment. Data are
shown as mean依SD. a <0.05, b <0.01, c <0.001. Scale bar: 20 mm.

Figure 3 Netrin -4 inhibits cornea inflammatory cell
infiltration after corneal alkali burns Corneal inflammation
evaluated by immunofluorescent staining of CD45 for infiltrating
macrophages in the corneal stroma (as red indicated) of the normal
c57 (A), control group (C) and netrin-4-treated (E) groups. G: Six
representative slices from homologous positions of each sample
were selected (three samples for each group). Data are shown as
mean依SD. c <0.001. Scale bar: 20 滋m.
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cell migration and proliferation for wound healing.
Macrophages also secrete abundant inflammatory cytokines,
chemokines which contribute to scar formation of the
wounded tissue. Therefore, exaggerated or constant influx
and presence of macrophage is detrimental [36,37]. In our study,
macrophage infiltration was significantly reduced
approximately 7d post injury, which may have a major
impact on the resolution of corneal inflammation after alkali
burns. Consistent with another netrins family member
netrin-1in other acute inflammation models in tissues such as
the cornea [31], colon [32], lungs [33-35], or kidneys [36]. Recently,
netrin-1 was found to be a negative guidance cue for
leukocyte migration [33,35], which indicates the
anti-inflammatory potential of netrin-1. Several
studies have been conducted to evaluate the effect of netrin-1
on animal disease models, such as subcutaneous application
for experimental colitis [32], intraperitoneal injection for
peritonitis [37], and inhalation or intravenous injection for
lipopolysaccharide-induced pulmonary injury [34]. These
studies have shown the potent effect of netrin-1 on reducing
neutrophil infiltration, while the mechanism is variously
dependent on receptor A2BAR[32,34,37] or UNC5B[35].
In summary, our study clearly demonstrated that exogenous
netrin-4 application to the ocular surface could dampen
inflammation, and accelerate epithelial wound healing of
alkali burn-induced corneal damage. The effects of netrin-4
on the entire orchestration of the disease mechanisms need to
further investigate. The multifunction features of netrin-4
may shed new light on the treatment of inflammatory disease
of ocular surface as well as other organs.
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