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Abstract

● Ischemic and neovascular disease is one of the
most difficult ocular diseases to deal with nowadays.
Redundancy, poor visual acuity and decreased life quality
are bothering patients and ophthalmologists for decades.
After vascular endothelial growth factor (VEGF) was found
to be a primary factor in promoting retinal angiogenesis,
intravitreal injection of anti-VEGF drugs has been the firstline treatment. Whereas, some patients are refractory
to this therapy and problems of economic burden, local
complications and adverse effects promote researches
into other possible targets. The vasohibin (VASH) family is a
newly-investigated factor in modulating ocular angiogenesis.
The family includes VASH1 and VASH2, which show
opposite effects of inhibiting and accelerating angiogenesis
respectively. Positive results have been reported in cellular
and animal experiments. With further researches, it can
be a promising future target of treating ocular neovascular
diseases.
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INTRODUCTION
ormally, retinal tissue is protected by blood-retinal
barrier (BRB) and separated from blood constituents
of capillaries. In pathological conditions, retinal vasculature
undergoes abnormal changes, leading to increased retinal
vascular permeability (RVP), exudation, hemorrhages,
capillary closure, non-perfusion area and neovascularization
induced by angiogenic factors. However, new formed vessels
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are more fenestrated and lack normal tight junctions. Leaked
blood can block vision, cause vitreous degeneration, form
fibrous membranes and pull on the retina[1].
The process of neovascularization is one of the most difficult
and complicated ocular pathological changes. A myriad of
ocular diseases are characterized of excess angiogenesis. The
most common ones are diabetic retinopathy (DR), retinal
vein occlusion (RVO) and wet age-related macular disease
(wAMD). Macular edema (ME), accumulation of sub- and
intra-retinal fluid in macular area, is one major redundant
complication and a result of damaged BRB and leakage
of neovascular vessels. Due to distorted macular structure,
visual acuity is largely affected and patients often complain
of metamorphopsia. Currently, no modality is able to cure
ME radically and repeated treatments are required. At times,
neovascularization can develop very quickly and get out
of control. Neovascular glaucoma (NVG) is one of the late
stage complications of DR and RVO[2]. It causes huge distress
on patients and is thought to be treated with anti-glaucoma
medications and surgical interventions. Less common ocular
neovascular diseases are high myopia and retinopathy of
prematurity (ROP). These diseases cause severe vision loss
and interfere patients’ life quality to a large extent.
VASCULAR ENDOTHELIAL GROWTH FACTOR
Angiogenesis is a process being meticulously regulated and
balanced by pro-angiogenic and anti-angiogenic factors. A
number of angiogenic stimulators have been researched such
as platelet-derived growth factor (PDGF), fibroblast growth
factor (FGF), insulin-like growth factor-1 (IGF-1), interleukin
8 (IL-8) and etc[3-4]. The most important and fully-investigated
factor is vascular endothelial growth factor (VEGF). It is
produced not only by endothelial cells, but retinal neurons,
Müller cells and retinal pigment epithelium (RPE)[5-6]. VEGF is
considered as a primary element in physiological angiogenesis
and survival of vessels[7]. In pathological situations such
as hypoxia, which is a proven stimulus for VEGF, VEGF
abundantly expresses and upregulates angiogenesis to supply
enough oxygen for tissues. In addition, it attracts leukocytes
to vessel walls and initiates inflammation[3]. Therefore, it is
believed to be the most primary factor contributing to ocular
neovascularization. Its receptor VEGFR-2 has been found
to express mainly on vascular endothelial cells, activating
endothelial cells to proliferate and migrate, promoting
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angiogenesis and increasing RVP, which is the basic change in
angiogenesis[8]. Increased levels of VEGF has been reported
in vitreous body and fibrovascular membranes of proliferative
diabetic retinopathy (PDR) patients, suggesting its involvement
in ocular vascular diseases[9-10].
Anti-VEGF Therapy Anti-VEGF therapy has been the
primary and first-line modality in treating ocular neovascular
diseases, including ME associated with DR and RVO,
choroidal neovascularization (CNV) secondary to wAMD
and high myopia, iris neovascularization, NVG, ROP and
before vitrectomy. It functions through blocking VEGF and
suppressing VEGF-induced neovascularization. Its efficacy has
been proved clinically: quick regression of neovascularization
and ME. Without treatment, vision acuities of patients
persist dropping, and severe complications may occur for
DR and RVO patients. The disadvantages of the utility of
anti-VEGF drugs should not be neglect neither: economic
burden, recurrent intravitreal injections, and refractoriness
or unresponsiveness to treatments showed by some patients.
Increased fibrosis, traction on the retina and tractional retinal
detachment due to angio-fibrotic effect of VEGF, macular
atrophy and rare cases of endophthalmitis have been reported
as regional complications[3,8,10]. VEGF is a significant molecule
in remaining the normal structure and function of vasculatures.
Persistent use of anti-VEGF drugs may pose a threat on
normal vessels and aggravate pre-existed ischemia. Increased
foveal avascular zone (FAZ) was found in a DR patient after
intravitreal injection of bevacizumab[11]. Systemic side effects
of local anti-VEGF uses are rarely reported. However, it was
proven that serum VEGF and VEGF in the other eye also
decreased after intravitreal injections and diabetic macular
edema (DME) of the other eye improved[12-16]. Considering the
threats caused by systemic use of anti-VEGF drugs in treating
cancer, long-term and repeated intravitreal injections may
increase the risk of cardiovascular accidents such as strokes
and embolisms[3].
VASOHIBIN FAMILY
Therefore, looking for new targets of treating ocular
neovascularization diseases is necessary. Recently the vasohibin
family has been found to be one of the factors in modulating
angiogenesis. There are two homologues in the family—
vasohibin1 (VASH1) and vasohibin2 (VASH2). They were
first isolated and designated by Watanabe et al[17]. VASH1
is a secretory protein composed of 365 amino acids and it
is induced by VEGF through protein kinase C (PKC)[18].
Its content is obvious in embryos of human, but reduces
gradually[18-19]. Though it has been found to express in many
organs and tissues such as bone marrow, it preferentially
accumulates in endothelium[19-20]. It functions as an intrinsic
angiogenic inhibitor and expresses in the terminations

of angiogenesis to halt the process (Figure 1)[7,18]. Plenty
immature vessels are found in VASH1 (-/-) mouse models[21].
VASH1 also plays a role in maintaining the homeostasis of
endothelial cells via regulating enzymes to antagonize reactive
oxygen species (ROS) and aging to enhance resistance to
stresses[22-23]. It is proved to be induced by VEGF and FGF and
the induction is interfered in circumstances of hypoxia and
inflammation[7,24]. Its function in cancers has been thoroughly
investigated. Its expression limits in vascular endothelium of
tumors instead of normal tissues and it takes part in inhibiting
angiogenic process and normalizing abnormal vessels as
well[4,25]. It has already been considered as a new marker of
tumor angiogenesis and prognosis due to its level is positively
correlated with the tumor node metastasis (TNM) stage and
metastasis of colorectal cancer[22,25-26].
VASH2 is made up of 355 amino acids with a 52.5% similarity
with VASH1, but it seldom expresses in endothelial cells,
but rather in mononuclear cells and acts as an angiogenic
stimulator at the sprouting front of angiogenesis (Figure 1)[7,18].
It can stimulate tumor cells to proliferate, migrate and infiltrate.
Instead, growth of tumor is suppressed and abnormal vessels
normalize with the decrease of VASH2[22,27]. Additionally,
VASH2 can decrease the level of p53 and inhibit the
expression of Bax, suggesting its role in tumor development
and anti-apoptosis[22].
Vasohibin Family in Ocular Models VASH1 has been
found in choroidal vessels, retinal vessels and RPE cells
in normal mouse eyes[28]. In DR and AMD, its expression
in endothelial cells clearly rises[18]. Also, Arnold et al [29]
reported that accumulation of VASH1 in retina caused by
hyperprolactinemia led to improvement on increased RVP
caused by VEGF and DR. In mouse models of oxygeninduced ischemic retinopathy, expression of VASH1 increases
in vasoendothelial cells and VASH1-siRNA aggravates retinal
neovascularization in ischemic retina, indicating VASH1 is
partly responsible for inhibiting angiogenesis[30]. In animal
models of laser-induced CNV, intravitreal injection of VASH1
reduces fluorescein leakage and decreases the range and
activity of CNV[31]. Vice versa, VASH1 knock-down mice
shows larger size of CNV (Figure 2) [32]. Current studies
unanimously testify anti-angiogenic function of VASH1 and
positive results of improved retinal neovascularization after
VASH1 treatment.
In vitro, VASH2 knock-down by miR-200b/c inhibits cellular
growth, migration and activity of human retinal microvascular
endothelial cells (HMVEC; Figure 3)[10]. This indicates that
suppressing VASH2 can assist in inhibiting neovascularization
of retinal vessels. Clinically, in fibrovascular membranes
collected from DR patients, vasoendothelial cells widely
express VASH2, showing its participation in retinal
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Figure 1 Function of VASH1 and VASH2 in angiogenesis [7]
VASH1 mainly expresses in the termination of angiogenesis to stop
the process. VASH2, however, expresses in the sprouting front of
angiogenesis to stimulate the process. BM: Bone marrow; MNC:
Mononuclear cell; EC: Endothelial cell.

Figure 2 Size of CNV lesions in eyes of wild type or VASH1
knock-down mice[32] CNV area in VASH1 knock-down mice was
obviously larger than wild type mice. P<0.0001.

Figure 3 CCK8 assay results in VASH2 knock-down HMVEC[10]
Compared with control groups, level of cell proliferation decreased
after VASH2 was knocked down in HMVEC. NC: Nonspecific
control; OD: Optic density. P<0.01 in 48, 72, and 96h.

neovascularization[10]. Suzuki et al[33] reported that VASH2
can promote accumulation and migration of fibroblasts in
vitro. Perhaps fibrosis in vitreous hemorrhage patients is partly
aggravated by VASH2. In addition, VASH2 facilitates the
1006

expression of VEGF and FGF-2 and it cannot be induced by
VEGF or other growth factors and cytokines[7,22]. Therefore,
anti-VASH2 may have a synergic function with anti-VEGF
therapy clinically. However, when VASH2 was used in
the cornea of mice, angiogenesis was inhibited, which is
contradictory to previous studies[19]. Hence, the function of
VASH2 in eyes needs further research. The discrepancy may
be related with different ocular site and pathological condition.
The vasohibin family is a newly-researched family of
molecules regulating angiogenesis. Although its structure,
location, function and mechanism have been studied
a lot in malignant tumors, its role in physiological and
pathological circumstances of eyes has not been fully and
deeply investigated. One common and primary mechanism
behind cancers and ocular neovascularization diseases is
neovascularization. Its positive function in inhibiting cancers
suggests that vasohibin can be a promising target for treating
ocular ischemic diseases as well. Two features of vasohibin
should be highlighted. The first characteristic is that vasohibin
can antagonize angiogenic process induced by several factors
other than VEGF[4,7]. It has been reported that the intraocular
level of some cytokines and factors were meaningfully higher
in DME and wAMD patients [34-35]. Watanabe et al [17] and
Heishi et al[36] both found out that vasohibin could suppress
the angiogenic function of VEGF and other factors such as
PDGF and FGF to some degree. Hence, multiple targets
of vasohibin becomes vital. Its function may cover more
widely and strengthen the effect of anti-VEGF drugs. The
second attribute is that vasohibin selectively reacts with
VEGFR-2[30-31]. Currently-used anti-VEGF medications such
as bevacizumab and ranibizumab antagonize VEGF directly
and show no selection on the receptors[8]. Compared with
them, vasohibin can neglect VEGFR-1 to avoid interfering
its neuroprotective function[31]. Whereas, detailed mechanism
of vasohibin function pathway, efficacy of inhibiting ocular
neovascularization and adverse effects need to be further
explored to clarify the feasibility and value of its clinical utility.
CONCLUSION
The vasohibin family is a promising future target as a novel
choice for dealing with ocular neovascularization. It may exert
a synergetic effect with current anti-VEGF therapy with a
wider action range, selective function on VEGF receptors and
less adverse effects.
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