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Materials 

Anti-LYVE-1 antibody (ab10278) was purchased from Abcam. 

 

Animals 

Six-week-old Wistar rats (Charles River Laboratory) were housed in cages in a room under a 

controlled temperature of 25°C and a 12-h light-dark cycle. The rats had free access to food 

and deionized water. 

 

Ex vivo angiogenesis assay 

The ex vivo angiogenesis assay was performed according to a previously reported method [1, 

2]. Briefly, the rat thoracic aorta was removed and cut into short segments of about 1-1.5 mm 

sections. For collagen gel solution preparation, 8 volumes of porcine tendon collagen solution 

(3 mg/mL; Cellmatrix I, Nitta Gelatin Co.), 1 volume of 10 × Eagle’s MEM (Gibco), and 1 

volume of reconstitution buffer (Nitta Gelatin Co.) were mixed gently at 4°C. Each aortic ring 

was placed into a well on a 6-well culture plate and covered with 0.5 mL of collagen gel 

solution. To gel the collagen solution, the plates were warmed at 37°C in a CO2 incubator, and 

2 mL of RMPI 1640 medium (Gibco) containing 1% of ITS+ (Becton Dickinson Labware) 

were added to each well. PA solution or vehicle (DMSO) was added to the wells immediately. 

Incubation was carried out for 7 days at 37°C in a CO2 incubator (5% CO2 in the air). The 

images of the aortic rings were taken with a digital camera (OLYMPUS DSE330-A system), 

and the length of the capillaries was measured by using Adobe Photoshop software. 

 

Assays with human umbilical vein endothelial cells 

HUVECs were purchased from Kurabo Industries. Cells were grown in HuMedia EG2 

medium (Kurabo Industries) in a humidified incubator with 5% CO2 at 37°C. Subcultures 

were obtained by treating the HUVEC culture with Hanks’-based enzyme-free cell 
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dissociation buffer solution (Gibco). We used HUVECs in passages 3-7 in the experiments. 

All experiments using HUVECs were performed according to our previous reports [3, 4]. 

The HUVEC tube formation assay was performed using BD MatrigelTM (Becton, Dickinson 

and Company). Solid gels were prepared according to the manufacturer’s manual on a 96-well 

tissue culture plate. HUVECs (1 × 105 cells/mL) in HuMedia EG2 medium containing PA (5–

100 µM) or vehicle (DMSO) were seeded 100 µL per well onto the surface of BD MatrigelTM. 

The cells were incubated for 12 h at 37°C in a CO2 incubator. Tube formation was observed 

under an inverted light microscope at 40× magnification. Microscopic fields were 

photographed using a digital camera system (OLYMPUS DSE330-A system). The total length 

of the tube structures in each photograph was measured using Adobe Photoshop software CS3. 

Each reported value represents the average of three samples. 

HUVEC proliferation was performed as following: A HUVEC suspension (1.5 × 104 

cells/mL) was plated onto 96-well plates (100 µL/well), cultured in HuMedia EG2 medium, 

and incubated for 24 h in a humidified incubator with 5% CO2 at 37°C. The medium was 

replaced with fresh HuMedia EG2 medium containing PA (1-100 µM). After 72 h, 10 µL of 

WST-8 reagent (Dojindo Laboratories) were added to each well of a 96-well plate and 

incubated for 4 h. Absorbance was measured at 450 nm using a microplate spectrophotometer 

(BIO-RAD model 680). Each reported value represents the average of three wells. 

The HUVEC chemotaxis assay was carried out in a modified Boyden chamber. A 

microporous membrane (8 µm) of 24-well cell culture inserts (Becton, Dickinson and 

Company) was coated with 0.1% gelatin. HUVECs were suspended in Medium 199 (Gibco) 

with 0.1% bovine serum albumin (BSA) and then seeded in the chamber (2.5 × 105 cells/mL). 

The well was filled with 400 µL of Medium 199 containing 0.1% BSA and 10 ng/mL of 

human recombinant VEGF (R&D systems) with or without PA (5-100 µM). The assembled 

chamber was incubated for 6 h in a humidified 5% CO2 at 37°C. Non-migrated cells on the 

upper surface of the membrane were removed by scrubbing with a cotton swab. The cells on 
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the lower surface of the membrane were fixed with methanol and stained with Diff-Quik stain 

(Sysmex). Migrated cells were counted in three fields of each membrane under a microscope 

at 200× magnification, and the average number of cells in each field was calculated. The 

experiment was performed in triplicate. 

 

Assays with lymphatic endothelial cells 

Human LECs were purchased from Lonza and cultured in endothelial cell basal medium-2 

(EBM-2; Lonza). The tube formation assay was performed using BD MatrigelTM (Becton, 

Dickinson and Company). 

For tube formation assay, solid gels were prepared according to the manufacturer’s manual on 

a 96-well tissue culture plate. LECs (1.0 × 105 cells/mL) in EBM-2 medium containing PA 

were seeded 100 µL per well onto the surface of MatrigelTM. The cells were incubated for 12 

h at 37°C in a CO2 incubator. Tube formation was observed under an inverted light 

microscope at 40× magnification. Microscopic fields were photographed with a digital camera 

system (OLYMPUS DSE330-A system). The length of the tube structures was measured using 

Adobe Photoshop software and is represented as the average of three wells. 

For the LEC proliferation assay, LECs were dispersed with cell dissociation buffer and 

suspended in EBM-2 medium. A cell suspension (1.5 × 104 cells/mL) was plated onto 96-well 

culture plates (100 µL/well) and incubated at 37°C in a CO2 incubator for 24 h. The medium 

was replaced with fresh EBM-2 containing PA or DMSO. After 72 h, the medium was 

replaced with fresh EBM-2 and 10 µL of WST-8 reagent (Dojindo) were added to each well, 

and the cells were incubated for 4 h. The absorbance at 450 nm was measured using a 

microplate spectrophotometer (BIO-RAD model 680).  

 

Statistical analysis 

Differences between the vehicle-treated group and PA-treated group or positive control group 
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were evaluated by ANOVA, followed by Dunnett’s multiple comparison test. A p value < 

0.05 was considered significant. 
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