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Introduction
Diabetic retinopathy (DR) is the  largest contributor to the low 

quality of life in diabetes, which affects approximately 80% of diabetes 
who have suffered for more than 10 years. DR remains the most 
common origin for irreversible vision loss through macula edema 
to vitreous hemorrhage in developed countries. Over accumulation 
of glucose damages the tiny blood and increases inflammation factor 
Prostaglandin E2 (PGE2) by activating NF-Kb [1]. And patients with 
developing peripheral and autonomic neuropathy possess a higher 
risk of retinopathy.

Netrin-1 is one kind of the four main guidance molecules 
which was purified by Tessier-Lavigne in screening for proteins 
that regulated neural development [2]. It stimulates angiogenesis 
and guides the vessel to follow very precise path way. This discovery 
launched a scientific race to identify the relation of nerves and blood 
vessels and suggested that there may be molecular crosstalk and 
common cues between nervous and angiogenesis [3,4]. However, 
despite the importance of this intimate relationship, how the guidance 
molecular signals stimulate intracellular pathway in angiogenesis 
remains mystery. Understanding the molecular mechanisms of 
how neural and vascular network coordinately communicate needs 
further studies.
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Recently, many scientists has turned their eyes on neuropathy in 
diabetic retinopathy [5], Since it was proved that neurodegeneration 
is an early event in the pathogenesis of DR [6]. Thus, it is not surprising 
whether guidance molecular contributes to DR. So we summarize the 
current state of researches on netrin-1 in the development of retinal 
vessel and focus on its participation in angiogenesis. In addition, the 
possibility to target these molecules as a therapeutic approach in DR 
is also discussed.

Netrin-1 and their Receptors
Netrin-1 was first described in the nematode Caenorhabditis 

elegans in 1996 [2]. It belongs to a family of extracellular matrix 
proteins that present structural similarity with the laminin. Three 
Netrins (Netrin-1//3/4) and two membrane proteins related GPI-
linked, netrin-G1 and G2 have been found in vertebrates. Netrin-2 
was only found in the mouse. The different ligands are summarized 
in table 1. They are laminin-related proteins with an N-terminal 
laminin VI domain, a central laminin V domain and a C-terminal 
domain. Netrin-1 has been linked to two families: Deleted in Colon 
Cancer (DCC) family, including DCC and neogenin, and UNC5s 

Ligands Finding place Express place Receptors
Netrin-1 chicken [58]

mouse [37]
Xenopus [59]
zebrafish [60]
humans [61]

Spinal cord, floor plate, 
ventral ventricular zone, 
retinal

Unc5a
Unc5b
Unc5c
Unc5d
DCC
DSCAM
integrins 
(𝛼3𝛽1&𝛼6𝛽3)
cerebellin-4
neogenin

Netrin-2 Chickens [58] spinal cord ,
dorsal root ganglia

No report

Netrin-3 Humans [62]
mouse [63].

peripheral nervous system 
(sensory  ganglia,
sympathetic neurons)

Little bonding with 
DCC.

Netrin-4 Mouse [64]
Human
Rat
Xenopus
chicken

kidney, heart, ovary, brain, 
retina,   
olfactory bulb

No report

NetrinG1/G2 Human thalamus,
olfactory bulb

NGL-1

Table 1: Different netrins and their receptors.

http://en.wikipedia.org/wiki/Caenorhabditis_elegans
http://en.wikipedia.org/wiki/Caenorhabditis_elegans
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homologue family. In addition, the membrane-associated adenosine 
A2b receptor, down syndrome cell adhesion molecule (DSCAM), 
several integrins (α6β3 and α3β1) and cerebellin-4 also act as direct 
receptors for netrin-1 or as co-receptors with DCC [7,8]. Different 
receptors can mediate different pathways which activate different 
biological effects.

DCC and UNC5 are single-pass transmembrane receptors that 
possess extracellular immunoglobulin domains. The DCC extra-
cellular domain contains four immunoglobulin-like domains and 
six fibronectin type III-like repeats. Its cytoplasmic domain includes 
an addiction dependence domain (ADD). UNC5 contain two 
thrombospondin-like repeats in the extracellular region, a zonula 
occludens-1 and a death domain in the intracellular region [9] (Figure 
1). It is generally supposed that cell-surface membrane receptors 
initiate signal transduction upon binding to cognate ligands and 
are silent when not ligated. But it doesn’t apply to UNC5 and DCC 
receptors, which are known as dependence receptors [10]. UNC5B 
is a dependence receptor which is known to induce apoptosis in the 
absence of netrin-1, while transducing a cell survival signal when 
engaged by the ligand. DCC and UNC5 intracellular region can be 
cleaved by caspase3,which can induce apoptosis signaling [11] (Table 
2).

DCC’s intracellular domain associates with other partners, 
consisting of focal adhesion kinase (FAK), the non-catalytic region 
of tyrosine kinase (Nck1) and phosphatidylinositol transfer protein 
α (PITPα). UNC5 is a p53 target gene but netrin-1 binding inhibits 

p53-induced apoptosis [12] (Figure 1). DCC and UNC5 can form 
homodimers or multimers. This multimerization was shown to 
be sufficient to inhibit apoptosis signal [13]. More importantly 
multiple pathways are also activated by netrin-1, including MAPKs, 
PKC, PI3K-Akt, ERK-1/2 , small GTPase Rac-1/Cdc-42 and so on 
[8]. One consequence is the regulation of cell motility, invasion 
and morphogenesis of the vascular system through cytoskeletal 
rearrangements. Many these pathways may lay foundation in its dual 
function on angiogenesis.

Netrin-1 signaling is more complex. We have known that 
Netrin-1 can mediate attraction or repulsion depending on the 
receptor they bind [10]. Binding of Netrin-1 to DCC induces axonal 
attraction, whereas binding to the UNC5 family cause repulsion. But 
other evidences have proved that DCC can mediate repulsion through 
associating with of DCC and UNC5 in the cytoplasm.Netrin-1 not 
only regulates axon guidance, but also orientates cell migration 
in the developing vessel system [14]. Indeed, studies have found 
that netrin-1 was synthesized by swine follicular cells and secreted 
in the follicular fluid where it  exerts regulatory effects on vascular 
development [15]. Overall, Netrin-1 is widely expressed outside the 
nervous system including endothelial cell, arterial smooth muscle 
cell and retina where they may play an important role in branching, 
morphogenesis of endothelial cell in DR.

Netrin-1 in Retina Development
It has been demonstrated that the guidance of retinal ganglion 

cell (RGC) axons go through the optic disc and even optic tectum 
is dependent on the Netrin-1/DCC axon guidance system [16,17]. 
What’s more, mRNA and protein of DCC were highly expressed 
in the early retina when RGC migrated towards the emerging layer 
and down-regulation on the distal axonal segments within the 
optic nerve. These indicate that netrin-1/DCC play an guidance 
role in the migration of newly born neurons within the developing 
retina [18]. To gain further insight into Netrin-1 and its receptors 
in retinal development ,Shi M and his colleges had found that the 
DCC(-/-) or lacking the intracellular P3 domain of DCC receptor 
causes a significant loss of RGCs and displaced amacrine cells ,but 
do not involve with other cell types in retinas. So ,their findings also 
suggest that DCC is a key regulator for the survival of specific types 
of neurons during retinal development and that DCC-P3 domain is 
essential for this developing event [19]. In addition, Netrin-1’s family 
member Netrin-G2 (NGL-2),a central component of pathway-
specific development in the outer retina, can assemble pre-synaptic 
ribbons of rods and regulates pre-synaptic maturation [20]. Thus, 
netrin-1 is essential to retina development.

It is widely believed that the nervous and vascular systems are 
both exquisitely branched and complicated systems and their proper 
development require careful guidance. So we can hypothesize that 
netrin-1 may also play an important role in the development of retina 
vessel and it has been proved in sympathetic arterial [21]. During eye 
development, retinal vessels form three vascular plexuses in a highly 
reproducible manner, leading to the formation of distinct vascular. 
For example, astrocyte interacts with RGCs via PDGF-A/PDGFR-a 
to provide a template for vascularization, and tip cell guide the vessel 
toward the retinal periphery under the VEGF signaling and some 
axon guidance factors, such as semapherins and netrins [22,23].

Researches have showed that netrin-1 can control morphology 
of endothelial cells and vascular smooth muscle cells. Increased 
level of netrin-1 in murine  retina  under hypoxia may be a key 
factor in retinal neovascularization [24] .They are implicated in the 
reorganization of the cytoskeleton, as well as endothelial tip cell 
migration in retinal development and tumor [25]. What’s more, 
Netrin’s receptor UNC5B is highly expressed at postnatal day 0 (P0) of 
retinal vascular development and their localization become restricted 
to arteries, capillaries, and endothelial tip cells of retinal vessels 
during the period of active angiogenesis (P0 until P8–P9), and became 
progressively down-regulated once angiogenesis of these vessels have 
ceased. At P12, expression was observed in arteries, but extinguished 
in the most capillaries. After P21, reporter staining in retinal vessels 

         

Figure 1: Structure and angiogenesis signal of unc5 and DCC

The DCC extra¬cellular domain contains four immunoglobulin-like domains 
and six fibronectin type III-like repeats. UNC5 receptors contain two 
thrombospondin-like repeats in the extracellular region, and a zonula 
occludens-1 and a death domain in the intracellular region. There are three 
pathways in netrin-1 of angiogenesis cascade. first pathway, the focal 
adhesion kinase (FAK) recruit phosphorylation of Src and Fyn, and lead to 
an increase in Rac1 and Cdc42. In second pathway, phosphatidylinositol 
transfer protein α (PITP) induces phospholipase C (PLC) to increase the ratio 
of cAMP and cGMP. Then activation L-type Ca2+ channels as well as transient 
receptor potential channels (TRPC’s). And this increased calcium can activate 
of Rho GTPases, Cdc42 Rac1. The last possible pathway of netrin is NcK 
and Wiskott–Aldrich syndrome protein WASP triggers Rac1 and Cdc42 and 
subsequently axonal growth.

Ligand Receptor Function References

Netrin-1 DCC Repulsion [5]
[65]

Attraction [66]
[67]

UNC5B repulsion [68]
[69]

Table 2: Netrin-1’s different function on neurology.
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became undetectable [26]. So with this study we can conclude that 
netrin-1/UNC5B can activate retinal vessel development and the 
fluctuation of UNC5B expression in vascular may affect the migration 
of tip cell, even stimulate the cytoskeletal protein in tip cell to pro-
angiogenesis. However, it is contradict to the study conducted by Lu 
in 2004 [27], who thought the role in angiogenesis was suppression. 
So it still needs more research to indentify its effect on vessels.

Netrin-1 in Angiogenesis
The nervous and vascular system share similarities at the 

anatomical and cellular level, it was asked if axon guidance cues, 
such as netrin-1, pattern vasculature growth by direct interaction 
with endothelial cell surface receptors. UNC5B, predominantly 
endothelial-expressed receptor, is largely confined to the vasculature, 
with only few expression sites on other tissues,  thus suggesting a 
broader role of these molecules in processes of angiogenesis. Even 
though abundant literature reported both pro-angiogenic and anti-
angiogenic activities, the precise angiogenic roles of netrin-1 remains 
unclear [27-30].

Netrin-1, a laminin-related secrete protein that firstly described 
as a guidance cue during neurogenesis, act as a dual function in 
angiogenesis [31]. It was thought to be a protect factor as its repulsive 
effect on vessel and anti-inflammation factors through inhibits 
leukocyte migration in vitro and in vivo [32]. Genetic inactivating 
netrin-1 receptor UNC5B caused increased angiogenesis, suggesting 
its potential role as an anti-angiogenic growth factor [27,33]. UNC5B 
activation by Netrin-1 results in filopodial retraction of endothelial 
tip cells and inhibits neovessel sprouting processes such as bFGF 
induced matrigel plug invasion. Studies conducted by Larrivee have 
testified that UNC5B cytoplasmic domain was essential to repulsion 
requires signaling [26]. But latter evidence was demonstrated that it 
may promote angiogenesis in specific vascular beds [28]. This dual 
roles have indeed been proven for members of the three others 
families of guidance cues, namely Semaphorins, Ephrins and Slits 
proteins [34]. Netrin-1’s dual effect on angiogenesis may be caused by 
the following reasons: 1. Different receptors can mediate discrepancy 
biology effects 2. Different concentrations of netrin-1 present reverse 
effect on angiogenesis 3.the survival and apoptosis signal of the 
dependence receptor may have some relation with angiogenesis.

Netrin-1 has different receptors. UNC5B functions as repulsive 
receptor of netrin-1 in endothelial cells, restrains filopodia of the tip 
cell in morphogenesis of the vascular system [27]. While netrin-1 acts 
as pro-angiogenic factors and can remodel vascular in adult brain 
when bonding with DCC receptor [35,36]. These receptors can be 
found in distinct tissues. So the contradictory outcome of netrin-1 on 
vessel may be due to bonding with different receptors. But we have 
known that unc5b was highly expressed on tip cell. It didn’t explain 
its inhibitant role in angiogenesis as increasing expression on tip cell. 
So there must be other pathway involved in netrin-1.

Everything has two sides. Things will develop into the opposite 
direction when they become extreme. It has been generally admitted 
that netrin-1’s physiological concentration ranges from 50ng to 
150ng/ml, since it was first measured in chicken brain [37]. Winlson 
and his colleagues have found a maximal activity on angiogenesis 
when netrin-1’s concentration at 50ng/ml [38]. Otherwise, there 
was no significant increase in endothelial cell migration for netrin-1 
concentration superior to 1 µg/ml. It indicated that high doses netrin-1 
could lose its ability of inducing endothelial cells migration and even 
prevents endothelial cells movements. Moreover dose-reponse effect 
has already been observed for other angiogenic molecules such as 
endostatin, thrombospondin-1, angiopoietin and even for PDGF, 
FGF and VEGF on other cell types, such as mast cells for example 
[39-41]. Thus, physical concentration of netrin-1 can measure in 
normal and pathological human tissue, and whether the angiogenesis 
in retina of DR patient is due to decline dose of netrin-1 to 50ng/ml.

We have known that UNC5B is a dependence receptor. Regulation 
of endothelial cell apoptosis may be another mechanism to finely tune 
angiogenesis. As unc5b can induce a survival signal when bonding 

with UNC5B, stimulate proliferation, and stabilize the existed vessel. 
What’s more, UNC5B can transmit a molecular cascade leading to 
cell death without netrin-1. Induction of apoptosis by increasing 
unc5b expression leads to sprouting of new capillaries and more 
filopodias, whereas promotion of endothelial cell survival can make 
vessels quiescence or stable. Retinal endothelial tip cells express 
high levels of unc-5 homolog b (UNC5b). Lu X et al have found that  
compared to uninjected control eyes, netrin-1-injected eyes showed 
a marked decrease in filopodial extension, while filopodial retraction 
induced by netrin-1 was completely neutralized by preincubation 
of netrin-1 protein with recombinant UNC5B–Fc [27]. Knockout 
of the  Unc5b  gene in mice which prevent the survival signal from 
stimulated by netrin-1 leads to aberrant extension of endothelial tip 
cell filopodia, excessive vessel branching and abnormal navigation. 
Overall angiogenesis may come along after the signal of apoptosis is 
evoked. What’s more ,it has been proved that in the developing avian 
embryos [33]. But it still needs further studies and more molecular 
evidences to prove this point.

However, Nguyen and Cai [42] demonstrated another mechanism 
of netrin-1 induces angiogenesis. NO which promotes endothelial 
cell survival by inhibiting the cysteine protease activity of caspases via 
S-nitrosylation of the reactive cysteine residue [43]. In fact, induction 
of angiogenesis by netrin-1 is NO-dependent and stimulation of 
NO requires extracellular signal-regulated kinase (ERK)1/2 and 
DCC . Netrin-1 activates DCC resulting in activation of ERK1/2 and 
subsequently endothelial NO production from serine phosphorylated 
eNOS. NO also contributes to ERK1/2 activation forming a feed-
forward cycle. This is another evidence to prove DCC can stimulate 
angiogenesis. However, except inhibitor apoptosis signal activating, 
NO can also cause hypoxic-metabolic through competing hemoglobin 
and cytochrome-c oxidase with oxygen, regeneration of mitochondrion 
and angiogenesis. Consequently, NO mediates netrin-1-induced 
enhancement in endothelial cell growth and migration. And the effect 
of netrin-1 on angiogenesis can be supposed in this way.

Apart from above, recent study shows that netrin-1 can activate 
of RhoA, cathepsin B(CatB), and cAMP-response element-binding 
protein(CREB) to promote angiogenesis [44]. Inhibiting the specific 
CatB and silencing CREB can vessel sprouting induced by netrin-1. 
However a study demonstrated that netrin-4 expression by muller cell 
and retinal  pigment epithelium cells can increase phosphorylation 
of MAPK, ERK1/2 and p38 ,and control retinal angiogenesis [45]. 
Another study in zebrafish development underscores the crucial role 
of Netrin-4 in blood vessel formation and the involvement of protein 
kinases activation by Netrin-4-induced biological effects [30]. These 
findings suggest that netrin-1/4 can serve as an innovative agent for 
the treatment in angiogenesis related diseases [46]. Likewise, a study 
in colorectal cancer carcinoma shows that netrin-4 is implicated in 
angiogenesis in tumor angiogenesis, making it vital to the survival 
of the cancer patient [47]. The discovery of this pathway offers an 
important perspective for therapeutic angiogenesis in patients 
with ischemic diseases such as hind limb ischemia [48], placental 
vasculature-related diseases [49], and diabetic retinopathy [50].

Netrin-1 in Diabetic Retinopathy
Angiogenesis is the underlying cause of more than 70 disorders 

[51]. It  is also crucial for PDR. Abnormal retinal vessel growth is 
initiated by the hypoxia and inflammation, enhanced by vascular 
endothelial dysfunction, which triggers an vascular permeability 
[52]. Unlike other ischemic complication caused by diabetes, diabetic 
retinopathy is characteristic by angiogenesis in normal avascular area. 
Retina is hypermetabolism tissue which needs more energy and the 
blood to take surplus oxyradical and production of metabolism. While 
the high blood sugar and hypoxia can’t provide sufficient ATP to meet 
demand, it comes to vascular endothelial dysfunction and vascular 
permeability, then more abnormal angiogenesis for compensation. 
As retina belong to part of central nerves system, and netrin-1’s dual 
effect on angiogenesis. Thus, inhibiting  angiogenesis  by targeting 
netrin-1 represent a promising avenue for preventing diabetic 
retinopathy process.
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Infiltration of neutrophils and monocytes is one of the main 
causes leading to angiogenesis in PDR. Cytokines, such as IL-17 and 
IFN-𝛾, produced by neutrophils are known to mediate endothelial 
cell and pericyte cell injury. And studies have proved that hypoxia can 
induce netrin-1 through hypoxia-inducible factor (HIF), and Netrin-1 
regulates inflammation through NF𝜅B and COX-2/PGE2 pathways. 
And UNC5B receptor mediates netrin-1 anti-inflammatory effects 
[8,53]. Other evidence was demonstrated that Netrin-1 could reverse 
neovascularization and suppressed inflammation in alkali-burned 
cornea [54]. So in this level, we can think netrin-1 is a protect factor in 
DR. We can speculate that netrin-1 secreted by retina is decreasing as 
neuropathy in diabetes, and the anti-inflammation and suppression 
effect that cause angiogenesis in retina has been weaken.

However, it has been shown that netrin-1 may act as pro-
angiogenesis factor and promote the progress of retinopathy 
[55]. Indeed, some studies have showed that netrin-1 is an pro-
angiogenic factor with the unique ability to attract both blood 
vessels and axons [28,29,31]. Studies show that netrin-1 is 
abundantly expressed in vitreous of PDR patients [56]. What’s 
more, Netrin-1 significantly increases retinal revascularization    in 
oxygen-induced  retinopathy  (OIR) model [57]. Afterward a study 
demonstrats that using small hairpin RNA(shRNA) to degration 
netrin-1 is an effective method to reduce pathological angiogenesis 
in retina [50]. So targeting netrin-1 might be attractive as a treatment 
for diabetic retinopathy, either by inhibiting unc5b expression or by 
preventing its downstream signal receptors.

Discussion
In addition to its role in the nervous system during embryogenesis, 

netrin-1 also plays an important role in other systems such as 
oncology, cardiology and ophthalmology. It has become apparently 
in the last several years that guidance molecules are involved in retinal 
angiogenesis development through interacting with cell survival, 
migration and angiogenic pathways. In the field of ophthalmology, 
netrin-1 is involved in ocular angiogenesis which promotes vitreous 
hemorrhage. All these data emphasize that the guidance molecules, 
Netrin-1/DCC/UNC5, provide another way to treat DR. On a 
cautionary note, there is considerable complexity in these pathways. 
For example, netrin-1 and their receptors, in the endothelium, are 
more complex that signaling may not mediate through the unique 
endothelium receptor, Unc5B. Identification of new binding partners 
as well as new receptors for netrin-1 receptors, have reinforced this 
hypothesis. Moreover, there appears to be cross-talk between other 
guidance molecules like EPH/ephrin, Slit/Robo, semaphorins/
Neuropilins/plexins and Delta/JAG/Notch pathways. Nevertheless, 
this represents an exciting area of investigation in diabetic retinopathy 
and promise for the future treatment.
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