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ABSTRACT

We recently isolated a novel angiogenesis inhibitor, vasohibin-1 and its homologue
vasohibin-2. In this study we characterize the role of these 2 molecules in the regulation
of angiogenesis. In a mouse model of subcutaneous angiogenesis, the expression of
endogenous vasol1ihit1-l was low in proliferating ECs at the sprouting front, but high in
non-proliferating ECs in the termination zone. In contrast, endogenous vasohibin-2 was
preferentially expressed in mononuclear cells mobilized from bone marrow that
infiltrated the sprouting front. When applied exogenously, vasohibin-1 inhibited
angiogenesis at the sprouting front where endogenous vasohibin-1 was scarce, but did
not influence vascularity in the termination zone where endogenous vasohibin-1 was
enriched. Exogenous vasohibin-2 prevented the termination of angiogenesis in the
termination zone and increased vascularity in this region. Angiogenesis was persistent
in the termination zone in the vasohibin-1 knockout mice, whereas angiogenesis was
deficient at the sprouting front in the vasohibin-2 knockout mice. Supplementation of
deficient proteins normalized the abnormal patterns of angiogenesis in the vasohibin
knockout mice. These results indicate that vasohibin-1 is expressed in ECs in the
termination zone to halt angiogenesis, whereas vasohibin-2 is expressed in infiltrating

MNCs in the sprouting front to promote angiogenesis.
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INTRODUCTION
Angiogenesis, or the formation of new capillaries. i1s a key event in various
developmental or remodeling processes that take place under physiological and
pathological conditions. Angiogenesis is a dynamic phenomenon that involves
sequential processes. The initial event is the detachment of mural pericytes from
preexisting vessels for vascular destabilization. Subsequently, specialized endothelial
cells (ECs) at the tip of sprout, called tip cells, degrade the basement membrane and
extracellular matrices and actively migrate. The stalk cells follow the tip cells.
proliferate, and form tubes. Finally, pericytes reattach to the new vessels as they mature.
Through these processes, a new hierarchical vascular architecture will be constructed.’
The local balance between angiogenesis stimulators and inhibitors determines
whether angiogenesis will be switched on. Numerous endogenous angiogenesis
inhibitors are found in the body and play distinctive roles.” For example, molecules such
as pigment epithelium-derived factor,”* chondromodulin-1,"* and nrzaspirf“K are
localized extrinsic to the vasculature and block the intrusion of new vessels as
functional barriers. Thrombospondin-1 and thrombospondin-2 are deployed mainly by
platelets and turn the angiogenic switch off.” Moreover, a number of angiogenesis

inhibitors including endostatin and tumstatin are generated via the degradation of the
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basement membrane during angiogenesis.'” Besides them, ECs themselves have the
capacity to synthesize certain inhibitors that autoregulate angiogenesis.:

By searching for novel and functional vascular endothelial growth factor
(VEGF)-inducible molecules in ECs, we isolated one angiogenesis inhibitor and named
it vasohibin-1 (VASH1)." VASH1 is induced in cultured ECs by representative
angiogenic growth factors such as VEGF and fibroblast growth factor 2 (FGF-2), and is
detected selectively in ECs at the site of angiogenesis in vivo." The inducible
expression of VASHI in ECs is impaired by tumor necrosis factor-¢, interleukin-1, or
hypoxia.'""” Human VASHI protein is composed of 365 amino acid residues. VASH|
lacks a classical secretion signal sequence but is released extracellulary, indicating that
VASHI is an unconventional secretory protein.'"'! When applied exogenously, VASH1
inhibits the migration and proliferation of ECs stimulated with either VEGF or FGF-2."
This inhibitory effect is not due to the inactivation of growth factor-signals, because
VASHI does not affect VEGF receptor 2 (VEGFR2) or ERK 1/2 phosphorylation in ECs
upon VEGF simulation.'" VASIHI1 exerts anti-angiogenic activity under various
pathological conditions such as those of tumors, retinal neovascularization, and arterial
11,1415

intimal thickening implying a possible clinical application.

Through a DNA sequence search of genomic databases, we found one gene
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6
The genes for human

homologous to VASHI! and named it vasohibin-2 (VASH2).
VASHI and VASIH?2 are located on chromosome 14q24.3 and 1g32.3, rcspcctivcly,'.’
Human vasohibin-2 is composed of 355 amino acid residues, and the overall homology
between human VASHI and VASH?2 is 52.5% at the amino acid level. Similar to
VASHI1, any known functional motifs are found in the primary structure of VASH2,

The expression of VASII2 in cultured ECs is very low and is not inducible, but
VASHI and VASH2 proteins are comparably detected in ECs in the developing organs
of embryos.'® We have shown that VASHI and VASH2 are diffusely expressed in ECs
in embryonic organs during mid-gestation. After that time point, they become faint, but
persisted to a certain extent from late-gestation to neonate. Nevertheless, the function of
these 2 molecules remained to be elucidated.

Here, we examined the roles of VASHI and VASH2 in the regulation of
postnatal angiogenesis in detail. For this purpose, we employed a simple and
reproducible model of postnatal angiogenesis in mice. To our surprise, the
spatio-temporal expression patterns of VASIH1 and VASH2 were distinct, with VASH
present in ECs where angiogenesis terminated and VASH2 present in bone-marrow

derived mononuclear cells (MNCs) at the sprouting front. Furthermore, a

loss-of-function experiment using knockout mice, as well as a gain-of-function

ils_
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experiment using adenovirus-mediated gene transfer showed that VASHI and VASH2

play distinctive roles in the regulation of anglogenesis.

5]
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MATERIALS AND METHODS

A mouse model of hypoxia-mediated subcutaneous angiogenesis

All animal studies were reviewed and approved by the committee for animal study in
the Institute of Development. Aging and Cancer at Tohoku University.

A mouse model of subcutancous angiogenesis was performed in accordance
with the method described by Tepper et al."® Briefly. afier anesthetization; bilateral
incisions (2.5 ecm in length and 1.25 ¢m i distance) were made on the dorsal skin of
male C57BL/6 mice (Clea, Tokvo, Japan) which penetrated the cutis, dermis, and
underlying adipose tissue. A silicon sheet was inserted beneath the flap, and the
mcisions were closed. In some experiments, adenovirus vector encoding the human
VASHI gene (AAVASHI),'" AdVASH2 or adenoviral veetor encoding 3-galactosidase
gene (AdLacZ) [1x10” plaque-forming units (PFU)] was injected via the tail vein."”
AdVASH2 was prepared in accordance with the method described.' Seven days afier
skin surgery, the mice were sacrificed and the skin tlaps were collected for histological
analyses.

For the detection of hypoxic areas, mice were intravenously injected with
pimonidazole (Chemicon International, Temecula, CA, USA) 30 min before collecting

‘

the flap. Hypoxic areas were detected with the Hypoxyprobe-1 mAbl (Chemicon

4.187



