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Abstract: Vasohibin-1 (VASH1) is a VEGF-inducible gene of endothelial cells (ECs) that
acts as a negative feedback regulator of angiogenesis. To further characterize the function
of VASHI, we transfected human VASH1 gene into the mouse EC line MS1, established
stable VASH]1 expressing clones, and determined gene alteration by ¢DNA microarray
analysis. Among the various angiogenesis-related genes, vascular endothelial growth factor
type 1 receptor (VEGFR-1) and its alternative spliced form, soluble VEGFR1 (sVEGFR-1),
were found to be the most significantly down-regulated genes. Transient overexpression of
VASH1 in human umbilical vein endothelial cells confirmed the down-regulation of
VEGFR-1 and sVEGFR-1. sVEGFR-1 is a decoy receptor for VEGF and inhibits
angiogenesis. Interestingly, when sVEGFR-1 was overexpressed in ECs, it inhibited the
expression of VASHI1 in turn. These results suggest that VASHI1 and sVEGFR-1, two
angiogenesis inhibitors, mutually balance their expressions in ECs.

Keywords: angiogenesis inhibitor; endothelial cell; VASH1; sVEGFR-1

1. Introduction

Angiogenesis, the formation of neovessels, is involved in both physiological and pathological
conditions. Angiogenesis is regulated by a local balance between stimulators and inhibitors. Angiogenesis
stimulators include vascular endothelial growth factor (VEGF), whereas angiogenesis inhibitors include



Pharmaceuticals 2011, 4 783

thrombospondins, pigment epithelium derived factor, angiostatin, endostatin, and so forth [1].

The VEGF family consists of five members; VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placenta
growth factor (PIGF). There are also three VEGF receptor (VEGFR) tyrosine kinases; VEGFR-1,
VEGFR-2 and VEGFR-3. Members of the VEGF family show different affinities for the receptors.
VEGFR-1 is able to bind VEGF-A, VEGF-B and PIGF. VEGFR-2 is activated primarily by VEGF-A,
but cleaved forms of VEGF-C and VEGF-D can also activate VEGFR-2. VEGFR-3 is activated by
VEGF-C and VEGF-D. Vascular endothelial cells (ECs) express mainly VEGFR-1 and VEGFR-2,
whereas lymphatic ECs mainly express VEGFR-3 in adults. VEGFR-2 is the major mediator of
VEGF-A driven responses for angiogenesis. The binding-affinity of VEGFR-1 for VEGF-A is one
order of magnitude higher than that of VEGFR2, whereas the kinase activity of VEGFR-1 is about
10-fold weaker than that of VEGFR-2 [2]. VEGFR-1 (-/-) mice died in utero because of overgrowth of
ECs, but mice lacking the tyrosine kinase domain of VEGFR-1 remain healthy and have a normal
vasculature [3,4]. Thus, the ligand binding domain of VEGFR-1 are sufficient for normal vascular
development in embryo, most likely by sequestering VEGF-A from VEGFR-2.

We recently isolated vasohibin-1 (VASH1) from VEGF-A inducible genes in ECs that inhibits
migration and proliferation of ECs in culture, and exhibits anti-angiogenic activity in vivo [5]. The
expression of VASHI1 in ECs is induced not only by VEGF-A but also by fibroblast growth factor 2
(FGF-2), another potent angiogenic factor [5,6]. Thus, VASH1 is thought to be a negative-feedback
regulator of angiogenesis. Immunohistochemical analysis revealed that VASH1 protein is expressed
selectively in ECs in the developing human or mouse embryo, is reduced in expression in the
post-neonate, but is induced in ECs at the site of angiogenesis [7]. Analysis of the spatiotemporal
expression and function of VASH1 during angiogenesis revealed that VASH1 is expressed not in ECs
at the sprouting front but in ECs of newly formed blood vessels behind the sprouting front where
angiogenesis is terminated [8]. The expression of VASHI is evident in various pathological processes
such as cancers [9-13], atherosclerosis [14], age-dependent macular degeneration (AMD) [15], diabetic
retinopathy [16], and so forth. Moreover, when applied exogenously, VASH1 shows anti-angiogenic
activity under various pathological conditions such as in tumors, arterial intimal thickening and retinal
neovascularization [9,14,17]. However, the molecular mechanisms underlying angiogenesis inhibition
by VASHI1 remain to be characterized. Here we intended to characterize the target genes of VASHI in
ECs. Using cDNA microarray analysis of stable VASH1 expressing EC clones, we identified both
full-length and soluble forms of VEGFR-1 as the target genes of VASHI in ECs.

2. Materials and Methods
2.1. Cells

MSI1, an immortalized cell line with a SV40 large T antigen from mouse pancreatic ECs [18], was
purchased from American Type Culture Collection (Manassas, VA, USA). The cells were cultured in
oMEM (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS,
JRHBiosciences, San Antonio, TX, USA). Human umbilical vein endothelial cells (HUVECs) were
obtained from KURABO (Osaka, Japan) and were cultured on type I collagen-coated dishes (IWAKI,
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Tokyo, Japan) containing endothelial basal medium-2 (EBM-2; Clonetics Corp., San Diego, CA, USA)
supplemented with EC growth supplements and 2% FBS.

2.2. Establishment of VASHI1 Expressing MS1 Clones

To improve the activity of transcription, we placed the CMV promoter of the pcDNA3.1/Hygro
plasmid (Invitrogen) with the chicken B-actin promoter derived from pCALL2 [19]. This vector,
pCALL2-pcDNA3.1/Hygro, was used for the transfection in this study. For the production of the
VASHI expression vector, the human VASH1 gene (5481 bp) containing the complete open reading
frame (386 n.t.-1483 n.t.) [5] was cloned into the pCALL2-pcDNA3.1/Hygro vector at multiple
cloning sites (Xho-I and Not-I). MS1 cells were transfected with the VASHI1 expression vector by
using Effectene transfection reagent (Qiagen, Valencia, CA, USA) according to the manufacturer’s
protocol. After the transfection, the cells were selected by hygromycin (500 pg/mL, Invitrogen).
Following the selection, the cells were seeded at 0.3 cells per well in 96 well plates with 100 L of
culture medium in each well. The cells were later expanded into larger wells.

2.3. Gene Transfer in HUVECs

A replication-defective adenovirus vector encoding the human VASH1 (AdVASHI1) or the B-gal
gene (AdLacZ) was prepared as described previously [5]. The replication-defective adenovirus vector
encoding the human VEGFR-1 gene (AdVEGFR-1) was a generous gift from Masabumi Shibuya
(Tokyo Medical and Dental University). The HUVECs were infected with the adenovirus vectors at a
multiplicity of infection (MOI) of 10 to 100. After the infection, RNAs and proteins were extracted at
24 and 36 hours, respectively.

2.4. Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted by the acid guanidinium-phenol-chloroform method using ISOGEN
(Nippon Gene, Toyama, Japan). RT-PCR was performed by using a one step RT-PCR kit (Invitrogen)
according to the manufacturer’s instructions. The following primer pairs were synthesized and used for
amplification: the respective sense (S) and the antisense (AS) primer pairs used were as follows:
mouse and human VASHI1, 5‘- ATGGACCTGGCCAAGGAAAT-3’ and 5‘-CATCCTTCTTCCGGTC
CTTG-3’; mouse VEGFR-1, 5‘-GCGCATGACGGTCATAGAAG-3’ and 5‘-CAGGTGTGGCGCTT
CCGAAT-3’; human VEGFR-1, 5‘-ATGGTCAGCTACTGGGACAC-3’ and 5‘-GAATGACGAGCTC
CCTTCCTT-3’; mouse SVEGFR-1, 5‘“ACTCTCAGACCCCTGGAATC-3’ and 5‘-GATCCGAGAGA
AAATGGCCT-3’; human sVEGFR-1, 5‘-CATCACTCAGCGCATGGCAA-3’ and 5‘-CAGCCTTTTT
GTTGCGTGC-3’; mouse and human G3PDH, 5-ACCACAGTCCATGCCATCAC-3' and 5'-TCCAC
CACCCTGTTGCTGTA-3". The PCR consisted of 27 cycles of 94 °C for 15 s, at 58 °C for 30 s, and
finally at 68 °C for 30 s. The PCR products were electrophoresed through a 2% agarose gel containing
0.5 mg/mL ethidium bromide and visualized.

2.5. Western Blot Analysis

Western blot analysis was performed as described previously [20]. Briefly, extracted protein was
separated by SDS-PAGE on a 7.5-10% separating gel and transferred to a Hybond-ECL membrane



