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Supplemental materials and methods 

 

 

Identification of Exosomes  

For transmission electron microscopy (TEM) processing, exosomes were fixed with 

an equal volume of glutaraldehyde in PBS (pH 7.4) for 2 h.  After washing with 

water, a 10 μL drop of the suspension was loaded onto a formvar/carbon-coated grid 

negatively stained with 3% (w/v) aqueous phosphotungstic acid for 2 min and 

observed by using an Hitachi H-7650 transmission electron microscope (Hitachi, 

Tokyo, Japan). The size of exosomes was measured by dynamic light scattering using 

a particle and molecular size analyser (Zetasizer Nano ZS; Malvern Instruments), 

according to the manufacturer’s instructions. The exosomal surface marker proteins 

CD63 (Santa Cruz Biotechnology, USA, SC5275), CD81 (Santa Cruz Biotechnology, 

USA, SC23962) and TSG101 (Novus, USA, NB200-112) were analysed by Western 

blot analysis.  

 

Exosomes uptake 

Exosomes derived from BCPAP cells cultured under normoxic (20% O2) or 

hypoxic (1% O2) conditions and from Nthy-ori-3-1 cells were labelled with a red 

fluorescent dye (PKH26; Sigma) and then incubated with HUVECs in normoxic 

conditions for 3 h. The cells were then washed with PBS and fixed in 4% 

paraformaldehyde for 15 min. After washing with PBS, nuclei were stained with 

DAPI (0.5μg/mL; Invitrogen, Carlsbad, USA), and a fluorescence microscope (Nikon 

Instruments, Tokyo, Japan) was used to confirm the uptake of exosomes. 

 

Plasmid constructs and luciferase reporter assay 

To analysis the function of miR-21-5p, the segments of TGFBI and COL4A1 

3-‘UTR, including the predicted miR-21-5p binding sites, were cloned into PmeI and 

XbaI restriction sites of luciferase reporter vector pmirGLO (Promega, Madison, 

Wisconsin), producing wild-type TGFBI 3’UTR (WT-TGFBI-3’UTR) and COL4A1 

3’UTR (WT-COL4A1-3’UTR). The TGFBI and COL4A1 mutants for the miR-21-5p 

seed regions were produced using the QuikChange Site-Directed Mutagenesis Kit 



(Stratagene, USA) to obtain mutant TGFBI 3’UTR (MUT-TGFBI-3’UTR) and mutant 

COL4A1 3’UTR (MUT- COL4A1-3’UTR). 

HUVECs were co-transfected with a luciferase reporter carrying 

WT-TGFBI-3’UTR or MUT-TGFBI-3’UTR or WT-COL4A1-3’UTR or 

MUT-COL4A1-3’UTR and miR-21-5p mimics or mimics control. Forty-eight hours 

after transfection, luciferase activities were detected with the luciferase assay system 

(Promega Corp. USA). The sequences of the PCR and mutagenic primers are shown 

in supplemental Table 1. 

 

Tube formation assay 

Growth factor reduced Matrigel (BD Biosciences, New Jersey, USA) (280 μL/well) 

was plated in pre-cooled 24-well plates and incubated at 37 °C to gel for 30 min. 

HUVECs (1×10
5
 cells/well) were treated with exosomes isolated from a supernatant 

of Nthy-ori-3-1 cells, BCPAP cells under hypoxic conditions or BCPAP cells under 

normoxic conditions for 24 h and then plated on reduced growth factor Matrigel in 

24-well plates for 6 h. The total branching points were quantified by ImageJ software 

(JAVA; NIH, USA). 

 

Scratch wound assay 

For the scratch wound healing assay, 1×10
6
 HUVECs/well were plated into a 

6-well plate and incubated to reach confluence. The monolayer was scratched using a 

10 μL tip and washed with PBS to remove detached cells. Then, the cells were 

cultured in serum-free medium with exosomes isolated from a supernatant of 

Nthy-ori-3-1 cells, BCPAP cells under hypoxic conditions or BCPAP cells under 

normoxic conditions or exosomes isolated from BCPAP cells treated with a 

miR-21-5p inhibitor. Images were photographed at 0 h, 12 h and 24 h later. The 

wound closure area was calculated as follows: migration area (%) = (A0 – An)/A0 × 

100, where A0 represents the initial wound area and An represents the remaining area 

of wound at the metering point. 

 

Cell migration assay 

Cell migration assays were conducted using transwell 24-well plates (Corning, NY, 

USA), HUVECs (1×10
5
 cells/well) were treated with exosomes derived from BCPAP 

cells or Nthy-ori-3-1 cells for 24 h and then seeded onto inserts. Complete cell culture 

medium was added to the lower chamber for 24 h as a chemoattractant. The migrated 

cells were fixed with 10% methanol for 15 min. Then, the cells attached to the upper 

surface of the filter membranes were cleaned, and the migrated cells of the lower 

surface were stained with 1% crystal violet for 5 min. The stained cells were counted 

under a microscope. To minimise bias, at least five fields with 100× magnification 

were counted, and the various counts were averaged. 

 

 

 


