1. Flow cytometry analysis

1.1. Aspirate the spent medium from the 90% confluent flask of endothelial cells. Replace with 5 mL of cell detachment buffer. Incubate at 37 °C for 5–7 min to dissociate the cells into single cells.

1.2. Transfer the cells to a 15 mL conical tube. Add 5 mL of warm (37 °C) MACS buffer (Supplemental Table S1). Centrifuge at 200 × g for 5 min.

1.3. Aspirate the supernatant. Resuspend in 1 mL of MACS buffer. Count the cells using a hemocytometer. 

1.4. Bring the volume of the 15 mL conical tube up to 14 mL. Centrifuge at 200 × g for 5 min to wash the cells.

1.5. Aspirate the supernatant. Resuspend in 100 µL of 4% formaldehyde per million cells to fix the cells. Mix well to dissociate the pellet. 

1.6. Place the cell suspension on a microplate shaker at 300 rpm. Incubate at room temperature for 15 min. Gently vortex every few minutes to prevent the cells from clumping.

1.7. Add 5 mL of MACS buffer to the cell suspension. Centrifuge at 200 × g for 5 min to wash the cells.

NOTE: Cells may now be stored overnight at 4 °C in MACS buffer or continue to step 1.8.

1.8. Resuspend the cells in 500 µL of MACS buffer. Chill the cell suspension on ice. Permeabilize the cells by adding 4.5 mL of ice-cold 100% methanol to the prechilled cells while gently vortexing to achieve a final concentration of 90% methanol. Incubate on ice for a minimum of 10 min. 

NOTE: Cells may now be stored at -20 °C in 90% methanol for up to 1 week or continue to step 1.9.

1.9. Aliquot the desired number of cells for flow cytometry (5 × 105–1 × 106 total cells) into 1.5 mL microcentrifuge tubes.

1.10. Wash the cell suspension in excess MACS buffer at 200 × g for 10 min to remove the methanol. 

1.11. Aspirate the supernatant. Resuspend up to 1 × 106 cells per 98 µL of MACS buffer. Add 2 µL of the desired fluorophore-conjugated antibody. Mix well to dissociate the cell pellet and incubate in the dark in the refrigerator (4 °C) for 10 min. 

NOTE: Higher temperatures and/or longer incubation times may lead to non-specific cell labeling. Working on ice requires increased incubation times.

1.12. Wash the cells by adding 1–2 mL of MACS buffer and centrifuge at 200 × g for 10 min.

1.13. Resuspend the cell pellet in a suitable amount (200–500 µL) of MACS buffer for analysis. Run the cell suspension through a round-bottom polystyrene tube with a cell strainer snap-cap to prevent clogging. 

1.14. Gate the cells first on forward and side scatters (FSC/SSC). Exclude dead cells and debris. Sort the stained cells based on unstained or control cell populations for each sample.

2. ELISA for Chip Effluent

2.1. Collect the effluent medium using a 5 mL serological pipette from the urinary and vascular channel outlet reservoirs after completion of podocyte differentiation. 

NOTE: Samples may be stored at 4 °C overnight or -20 °C for up to 1 month. Frozen samples should be slowly brought to room temperature and mixed gently.

2.2. Prepare wash buffer (1x) and assay buffer (1x) as suggested by the manufacturer. Prepare the 1:2 external standard dilution for the standard curve as suggested by the manufacturer.

2.3. Determine the number of microwell strips required to test the desired number of samples, standards, blanks, and controls. Wash the microwell strips twice with approximately 400 µL of wash buffer per well while allowing the buffer to sit for 10–15 s between aspirations. Do not scratch the surface of the microwells. 

2.4. Place the microwell strips upside down on a wet absorbent paper for up to 15 min to remove excess wash buffer. Do not allow the wells to dry completely. 

2.5. Add 100 µL of sample diluent in duplicate using a P200 to all standard wells. Pipette 100 µL of the prepared standard [2,000 pg/mL] in duplicate into wells A1 and A2. Mix thoroughly by pipetting up and down [standard 1, S1 = 1,000 pg/mL].

2.6. Transfer 100 µL from wells A1 and A2 to wells B1 and B2, respectively [standard 2, S2 = 500 pg/mL]. Continue to transfer 100 µL to the next wells 5 additional times [standard 7, S7 = 15.6 pg/mL]. Discard 100 µL from the last wells, G1 and G2. 

2.7. Add 100 µL of sample diluent to wells H1 and H2. Add 50 µL of sample diluent to the sample wells, A3 and A4 through H3 and H4. Add 50 µL of each sample in duplicate to the sample wells. 

2.8. Cover with an adhesive film. Incubate at room temperature for 2 h on a microplate shaker at 300 rpm.

2.9. Prepare the Biotin-Conjugate as described by the manufacturer. 

2.10. Remove the adhesive film from the plate and gently aspirate the well contents, being careful not to scratch the surface of the well. Wash the microwells 6x as suggested in step 2.3. Add 100 µL of the Biotin-Conjugate to all wells. Cover with an adhesive film and incubate for 1 h on a microplate shaker.

2.11. Prepare Streptavidin-HRP according to the manufacturer’s instructions. 

2.12. Remove the adhesive film from the plate and gently aspirate the well contents, being careful not to scratch the surface of the well. Wash the microwells 6x as suggested in step 2.3. Add 10 0µL of Streptavidin-HRP to all wells. Cover with an adhesive film and incubate for 1 h on a microplate shaker.

2.13. Remove the adhesive film from the plate. Gently aspirate the wells, being careful not to scratch the surface of the well. Wash the microwells 6x as suggested in step 2.3. 

2.14. Add 100 µL of TMB substrate solution to all wells. Incubate for 30 min at room temperature for 30 minutes. Avoid direct exposure to sunlight.

2.15. Quickly and uniformly, pipette 100 µL of stop solution into each well to completely inactivate the enzyme. Read the results at 450 nm using a spectrophotometer/plate reader immediately, or store at 4 °C in the dark for up to 1 h. Blank the plate reader according to the plate reader manufacturer’s instructions. 

2.16. To calculate results for the samples, create a standard curve by plotting the mean absorbance for each standard with [concentration pg/mL] on the x-axis and absorption 450 nm on the y-axis. Multiply the concentration of the standard curve by 2 to adjust for the 1:2 dilution factor. 

2.17. Find the mean absorbance value of the sample on the y-axis. Extend a horizontal line to the x-axis and read the corresponding sample concentration. Alternatively, use the line of best fit equation for the standard curve and calculate the corresponding x-value.

3. mRNA isolation

3.1. With a P200, go deep into the outlet port and gently aspirate medium from the outlet of the urinary and capillary channels.

3.2. Disconnect the chips from the pods.

3.3. With a P200, wash each channel once with 200 µL of DMEM/F12 while simultaneously aspirating the periphery of the outlet pore.

3.4. Block the channels by injecting an empty P200 pipette tip into the urinary and capillary outlet ports. To lyse the cells, add 200 µL of trypsin-EDTA to each channel and inject half of it into its respective outlet. Release the pipette tip inside the inlet such that both the inlet and outlet of the channel are now attached to pipette tips filled with fixative. Incubate for 5 min at 37 °C.

3.5. Insert the P200 pipette back into the urinary channel inlet port tip. Gently, pipette up and down to dislodge the cells. Gently, collect the cell suspension with the P200 into a 1.5 mL microcentrifuge tube. 

3.6. Fill the channel with DMEM/F12 to suspend any remaining cells and add that cell suspension to the previous microcentrifuge tube containing the cell suspension (step 3.5).

3.7. Repeat steps 3.5 through 3.6 for the capillary channel, collecting the cell suspensions into a new 1.5 mL microcentrifuge tube. Centrifuge the collected cells at 200 × g for 5 min. 

3.8. Aspirate the supernatant with a P200. Lyse the cells by adding 150 µL of RA1 buffer and 1.5 µL of 2-mercaptoethanol. Store at -80 °C. 
