
Cell lines 

The murine prostate cancer cell line MyC-Cap was purchased from ATCC. MyC-Cap-

Luc+-RFP cells were kindly provided by Dr. Guocan Wang (MDACC). TRAMPC2-BMP4 were 

kindly provided by Dr Sue-hwa Lin and used as previously described [18]. The cell lines were 

maintained in Dulbecco's Modified Eagle Medium (DMEM) at 37°C and 5% CO2 as the vendor 

recommended. The DMEM medium was supplemented with 10% fetal bovine serum (FBS) and 

1% penicillin/streptomycin. Routine testing for mycoplasma contamination was performed. 

Identification of cells was confirmed by fingerprinting analysis at IDEXX Laboratories Inc., 

Houston, TX.  

 

 

Reagents  

For Western blot, the following antibodies were used:  

β-actin (Cell Signaling Technology Cat# 4970, RRID:AB_2223172), hPD-L1 (Cell 

Signaling Technology Cat# 13684, RRID:AB_2687655), CD63 (Santa Cruz Biotechnology Cat# 

sc-15363, RRID:AB_648179), mPD-L1 (Bio X Cell Cat# BE0101, RRID:AB_10949073), cl-

caspase3 (Cell Signaling Technology Cat# 9661, RRID:AB_2341188), and Bcl-xL (Cell Signaling 

Technology Cat# 2764, RRID:AB_2228008).  

  

For the treatment of FVB mice, the following agents were used: degarelix (FIRMAGON) 

(10 mg/kg, every 4 week by SC injection); radium-223 (300 kBq/kg every 2 weeks by retro orbital 

injection, provided by Bayer pharmaceuticals); CTLA+PD-L1 for immune checkpoint blockade 

(ICB) (every third day, total 4 doses); InVivoMAb anti-mouse CTLA-4 (CD152), Clone 9H10, 

BioXCell (cat: BE0131) (first dose 0.20 mg per mouse, and second, third, and fourth dose 0.10 mg 

per mouse); and InVivoMAb anti-mouse PD-1 (CD279), Clone RMP1-14, BioXCell (cat: BE0146) 

(all four doses 0.25 mg/dose).   

  

For immunohistochemistry, the following antibodies were used:  



ICOS antibody [EPR20560] from abcam (cat: ab224644), dilution 1:200, for human and 

mouse tissues; Anti-PD-L1 (RevMAb Biosciences Cat# 31-1205-00, RRID:AB_2716506), 

dilution 1:300, for human tissue samples only, PD-L1 (Cell Signaling Technology Cat# 64988, 

RRID:AB_2799672), dilution 1:35, for mouse tissue samples only, Antiphospho ATM (Millipore 

Cat# 05-740, RRID:AB_11214302), dilution 1:1000, and Osteocalcin (Abcam Cat# ab93876, 

RRID:AB_10675660) dilution 1:200.  

  

For capturing the exosomes, the following biotinylated antibodies were used: CD9 (LS- 

C420007-100), CD63 (LifeSpan Cat# LS-C134525-100, RRID:AB_10853379), and CD81 

Cat# LS-C134650-100, RRID:AB_10854165) in addition to Streptavidin magnetic beads 

(WHM-S109) from Creative Diagnostics.  

For the determination of protein concentration by Bradford, the Bio-Rad Protein 

Assay Dye Reagent Concentrate (#5000006) was used.  

 

Treatment of MyC-Cap cells with Radium-223   

For testing Radium-223 toxicity, MyC-Cap cells expressing luciferase-RFP were cultivated 

in a 12-well plate (30000 or 60000 cells/well, Vf = 1mL) and treated with 300 or 600 Bq/well. The 

growth was measured by bioluminescence signal using an automatic plate reader (PerkinElmer, 

EnVision 2104 multilabel plate reader) after the addition of luciferine solution  

(50 μg/mL) at 5 and 7 days.  

  

Immunohistochemistry (IHC)  

Four-micron paraffin sections were cut and placed in the oven at 60ºC for one hour. The 

primary antibodies were stained with standard DAB IHC on Dako AutoStainer Plus (Dako, 

Carpinteria). The sections were deparaffinized and rehydrated with deionized water. Endogenous 

peroxidases were blocked with a 3% hydrogen peroxide/MeOH solution for ten minutes, followed 

by three rinses in deionized water. Tissue sections were pretreated in citrate buffer (pH 6.0) (cat: 

S1699, Dako) and heated in a Pascal pressure cooker to unmask the epitopes. The pressure cooker 

was set to boil at 125°C for 30 seconds. The slides were rinsed three times in deionized water 



followed by a rinse in a TBS/0.05% Tween20 pH 8.0 solution. The autostaining process proceeded 

accordingly: The primary antibodies were incubated for one hour followed by a secondary 

incubation with the labeled mouse/rabbit polymer (cat: K4061, Dako-Envision Dual Link) for 30 

minutes. This was followed by a ten-minute incubation with the DAB substrate. The slides were 

rinsed between each of the steps in the TBS/Tween20 solution. The slides were continuously 

hydrated with water until removed from the instrument.  

Following removal from the instrument, the slides were counterstained for one minute with 

CAT Hematoxylin (Biocare Medical), followed by two water rinses. The nuclei were blued with 

Bluing reagent (Richard Allen Scientific) for one minute and then dehydrated through xylene and 

increasing percentages of EtOH (95% EtOH 3X, 100% EtOH 3X, xylene 3X). The slides were 

then cover-slipped using a xylene-based mounting media and air-dried at room temperature.   

  

Western blot  

Exosome pellets were lysed using 1 x RIPA buffer (containing 50 mM Tris, 150 mM NaCl,  

1 mM EDTA, 1% IGEPAL, 1% glycerol), supplemented with Complete Protease Inhibitor  

Cocktail (Roche, Basel, Schweiz), PhosSTOP Phosphatase Inhibitor Cocktail (Roche, Basel,  

Schweiz), 100 mM vanadate (Invitrogen Life Technologies, Paisley, UK), and 1 mM dithiothreitol 

(DTT) (Sigma Aldrich, St. Louis, MO, USA). Protein concentration was determined with Bradford 

assay using Bradford solution (Bio-rad). For each Western blot, 50 μg of protein was boiled at 

90°C for 5 min with LDS (Invitrogen Life Technologies, Paisley, UK) and DTT. Proteins were 

separated in 10% or 12% Bis-Tris gels (Invitrogen Life Technologies, Paisley, UK) in 1 x MES 

running buffer (Invitrogen Life Technologies, Paisley, UK) containing antioxidant (Invitrogen Life 

Technologies, Paisley, UK) or 4% to 12% Criterion TGX (Bio-Rad, Hercules, CA) in 1 x  

Tris-glycine-SDS running buffer, according to manufacturer’s instructions. Proteins were 

transferred to PVDF membranes (PerkinElmer, Santa Clara, CA, USA) in transfer buffer 

(Invitrogen Life Technologies, Paisley, UK) containing 20% methanol, or using the Trans-Blot 

Turbo System (Bio-Rad, Hercules, CA). Membranes were blocked in 5% (w/v) non-fat milk in 1 

x TBS containing 0.1% Tween-20 for one hour at room temperature and then incubated with 

primary antibodies in the appropriate dilutions (1/500-1/1000) overnight at 4°C. HRP-conjugated 

antibodies in 1/2000 dilution were used as secondary antibodies and the membranes were 



incubated for one hour at room temperature. Washing steps between incubations with antibodies 

were performed with 1 x TBS containing 0.1% Tween-20. Enhanced chemiluminescence (ECL) 

or ECL+ (PerkinElmer, Santa Clara, CA, USA) was used for developing the X-ray film 

(CLExposure Film, Thermo Scientific, Bremen, Germany).  

  

  

Conjugation of Streptavidin beads and biotinylated antibodies conjugation  

For each well, 2.5 μL of streptavidin beads/antibody was used. The beads were washed 

twice in wash buffer containing 0.01% BSA in PBS, and 0.0625 μg of biotinylated antibody was 

added to the beads and incubated for 2 hours at 4oC. The streptavidin beads/biotinylated antibody 

conjugate was washed 3 times in wash buffer, and the antibodies conjugated to the beads were 

resuspended in wash buffer.   

 

RNA extraction from plasma-derived exosomes  

The miRNeasy Micro Kit (Qiagen, cat: 217084) was used to extract RNA from plasma-

derived exosomes, according to the manufacturer’s instructions, with minor modifications. Briefly, 

exosomes were isolated as described above. In the exosome-enriched pellet, 700 μL of Qiazol 

Lysis Reagent was added and homogenized by vortexing. The homogenate was incubated for 15 

min at room temperature, and 140 μL of chloroform was added. The samples were mixed 

vigorously for 15 sec, incubated at room temperature for 3 min, and centrifuged for 15 min at 4oC. 

Continuously, the upper aqueous phase containing the RNA was transferred to another tube and 

1.5 volumes of 100% ethanol was added, mixed, and transferred to an RNeasy MinElute spin 

column and centrifuged at 8000 g for 15 sec, at room temperature. Then, 700 μL of RWT buffer 

was added to the RNeasy MinElute spin column and centrifuged at 8000 g for 15 sec at room 

temperature, and the flow-through was discarded. In the RNeasy MinElute spin column, 500 μL 

of RPE buffer was added and centrifuged at 8000 g for 15 sec at room temperature, and the flow-

through was discarded. Next, 500 μL of 80% ethanol was added, and the samples were centrifuged 

at 8000 g for 2 min at room temperature, and the flow-through was discarded. The spin column 

was then dried by centrifuge at 20800 g for 5 min at room temperature. Finally, 14 μL of RNase-



free water was added to the spin column membrane and centrifuged at 20800 g for 1 min at room 

temperature. The RNA quantification was performed with an Implen NanoPhotometer. 

 

Exosomal RNA-seq 

Illumina-compatible libraries were prepared using the Ovation® RNA-seq System V2 

(Nugen) and the KAPA Hyper Library Preparation Kit (Kapa Biosystems, Inc). Briefly, exosomal 

RNA samples treated with DNase-1 were assessed for size distribution and quantity using 

the Fragment Analyzer High Sensitivity RNA Analysis Kit (Advanced Analytical) and the Qubit® 

RNA HS Assay Kit (ThermoFisher), respectively. One and a half nanograms of RNA was 

converted to double-stranded cDNA, then amplified using Nugen’s proprietary single primer 

isothermal (Ribo-SPIA) protocol. Five hundred nanograms of the resulting cDNA was fragmented 

to an average size of 200 bp, and libraries were constructed using the KAPA Hyper Library 

Preparation Kit, followed by two cycles of PCR library enrichment. Following cleanup, the 

libraries were mixed (three libraries per pool), then quantified by qPCR using the KAPA Library 

Quantification Kit (KAPA Biosystems) and sequenced with one pool per lane on the Illumina 

HiSeq4000 Sequencer using a 75 bp paired-end format. 
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