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Supplementary Materials and Methods 

Chemicals 

Doxorubicin (Adriamycin) was obtained from Selleck Chemicals (S1208) and dissolved in 

DMSO (Fisher Scientific BP231). Dilutions of stock solutions were made in PBS, and 

subsequent dilutions made in culture media immediately prior to use. In all experiments, the 

concentration of DMSO did not exceed 0.1% (v/v), which is nontoxic to cells. Heparin Sodium 

Salt was purchased from Sigma-Aldrich (H3393-100KU) and resuspended in PBS.   

Luminescent assays  

Cell viability was measured using CellTiter-Glo Luminescent Cell Viability Assay (Promega 

G7570) according to manufacturer’s instructions, and cell luciferase expression was measured by 

incubating cells with a 1:500 dilution of D-Luciferin (Syd Labs MB000102-R70170) for five 

minutes at 37ºC in 96-well plates and imaging using a CLARIOstar (BMG Labtech) plate reader. 

All data were normalized to their nontreated controls.  

Immunoblotting 

Cells were lysed in RIPA lysis buffer containing protease and phosphatase inhibitors. Cell lysate 

and sEV protein concentration was determined using a Pierce BCA Protein Assay Kit (VWR 

Scientific, PI23225) according to manufacturer’s instructions. Immunoblotting was performed 

with the following primary antibodies: CD63 (Abcam ab68418), CD9 (Santa Cruz sc-13118), 

Calnexin (Abcam ab22595), GM130 (BD Biosciences 610822), PTX3 (Santa Cruz sc-373951), 

Rab27a (Cell Signaling Technology 69295S), ß-Actin (Sigma A5441), ß-catenin (Cell Signaling 

Technology 9562). Primary antibody incubation was followed by fluorophore-conjugated 

secondary antibody incubation and detection using a LI-COR Odyssey CLx Imager. 
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Dot plot 

50µg intact sEVs were dotted onto a 0.2µm nitrocellulose membrane and dried for one hour. The 

membrane was blocked in Odyssey blocking buffer for one hour at room temperature, then 

probed with primary antibody at 4ºC overnight with or without 1% Tween-20 (Fischer Scientific 

BP337-500), which was used to disrupt the sEV lipid membrane and expose internal proteins. 

Membranes were washed three times in blocking buffer and probed with fluorescent secondary 

antibody for one-hour rocking at room temperature with or without 1% Tween-20 and 0.1% 10% 

sodium dodecyl sulfate (SDS). The membrane was washed three times in blocking buffer and 

signal was detected using a LI-COR Odyssey CLx Imager.   

Density gradient ultracentrifugation  

Density gradient ultracentrifugation was performed using a protocol adapted from Kowal, et 

al(23). Briefly, sEVs were isolated using as previously described, and resuspended in 3mL 

sucrose buffer (0.25M sucrose, 10mM Tris pH 8.0, 1mM EDTA to a final pH of 7.4). The 

samples were then mixed with 3mL 60% OptiPrep density gradient medium (Sigma-Aldrich 

D1556) and transferred to a 13.2mL ultracentrifuge tube (Beckman 344059). 2.6mL 20% 

OptiPrep solution and 2.4mL 10% OptiPrep solution were layered on top and centrifuged for 24 

hours at 120,000 RCF and 4°C in an SW41Ti rotor (Beckman). Ten 1mL fractions and one 

0.5mL fraction were collected from the top of the tube, diluted in PBS and centrifuged twice at 

120,000 RCF and 4°C prior to immunoblotting.  

Immunohistochemistry  

Lung and liver tissue derived from female mice was fixed in formalin, processed in an automated 

Tissue-Tek VIP processor, paraffin-embedded, and sectioned into 6µm thick slices, as previously 
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described(21). Sections were stained with haematoxylin and eosin for histopathologic analysis. 

Scoring of lung metastatic tumor burden was performed by taking at least 5 images of each lung 

slide, and assigning each section a score of 0 (normal lung tissue, no tumor infiltration) to 10 (all 

tumor tissue, no normal lung tissue remaining). The score of each section was averaged to give 

an overall score for each lung sample. Quantification of liver metastatic tumor burden was 

performed by taking at least 4 images of each liver slide, quantifying the total tumor area in each 

liver section, and dividing by the total tissue area of that section using ImageJ software. The 

tumor area for each section was averaged to determine an overall tumor area for each sample.     

Migration and invasion assays  

Wound healing assays were performed using an IncuCyte Live-Cell Analysis System (Sartorius) 

according to manufacturer’s protocol. Briefly, 40,000 cells/well were plated in IncuCyte 

ImageLock 96-well plates (Sartorius 4379). After 24 hours, scratches were made in each well 

using an IncuCyte 96-well WoundMaker Tool (Sartorius 4563). Cells were treated with 100µL 

media/well with or without 10µg/mL sEVs, or coated in 50µL Matrigel (50:50 in DMEM 

media), with 50 µL media for invasion assays. Hourly images were taken and relative wound 

density was quantified using Incucyte Cell Migration Analysis software (Sartorius 9600-0012). 

Small extracellular vesicle uptake assays  

To quantify sEV uptake, sEVs were labeled with 1mM Vybrant DiD Cell Labeling Solution 

(Thermo Fisher V22887) at room temperature for 10 minutes then centrifuged twice at 120,000 

RCF for 2 hours at 4ºC. Labeled pellets were resuspended in PBS and stored at -20ºC. For in 

vitro uptake studies, MEFs were incubated with 10µg/mL labeled EVs for 24 hours, trypsinized, 

and analyzed using flow cytometry. For in vivo uptake studies, mice were injected with 10µg 

labeled sEVs in 100µL PBS via the tail vein, or an equivalent volume of PBS. At 3, 12, and 24-
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hours after injection, mice were euthanized, whole organs isolated, and fluorescent IVIS imaging 

was performed (excitation 640nm, emission cy5.5). Radiant efficiency was calculated using ROI 

measurements around each individual organ, and normalized to PBS-treated controls. For 

heparin inhibition of EV uptake studies, Vybrant DiD-labeled EVs were incubated for 30 

minutes with 0.2mg/kg heparin prior to tail vein injection. After IVIS imaging, lung tissue was 

minced and digested for 30 minutes in digestion buffer (1.5mg/mL Collagenase Type II (Sigma-

Aldrich C1764), 5units/mL DNAse I, and 10% FBS in PBS) shaking at 37ºC. Cells were filtered 

through a 40µm nylon cell strainer (BD 352340) and centrifuged at 300 RCF for 5 minutes at 

4ºC. Pellets were resuspended in 1mL Gibco ACK Lysing Buffer (Thermo Fisher A1049201) for 

1 minute at room temperature, then centrifuged at 300 RCF for 5 minutes, and washed once in 

PBS with 10% FBS. Flow cytometry was used to quantify fluorescent sEV uptake.   

Plasma small extracellular vesicle isolation  

To isolate sEVs from the plasma of tumor-bearing mice, blood was collected using BD 

Microtainer Capillary Blood Collectors (Fisher 02-669-33) and centrifuged for 5 minutes at 500 

RCF and 4°C. The supernatant (plasma) was collected and transferred to a microcentrifuge tube, 

which was centrifuged at 2,000 RCF for 15 minutes at 4°C to remove cells and cell debris. The 

supernatant was collected and transferred to a new tube, which was centrifuged at 10,000 RCF 

for 20 minutes at 4°C to remove microvesicles. The supernatant was collected and transferred to 

an ultracentrifuge tube, which was then centrifuged at 120,000 RCF for 2.5 hours at 4°C to pellet 

sEVs. The pellet was washed once in PBS and centrifuged a second time at 120,000 RCF for 2.5 

hours at 4°C. sEVs were resuspended in PBS and stored at -20°C.   

 

 


