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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) Yes
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) No
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.3, 3.5, and 3.7. 4.7.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.3 and 3.5 
4.7

5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Dan Harrington: Improved culture methods for patient-derived tumor samples are critically important as the field moves away from the use of conventional cell lines [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Dan Harrington: This protocol allows for the in vitro culture of patient-derived tumor cells in a platform that is amenable to high-throughput and high-content screening, unlike in vivo cancer models [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Pamela Constantinou: The platform, incorporating PDXs, allows us to assess more heterogeneous systems, reflective of native tumors. This may yield insight into drug mechanisms and allow for faster drug screening. The method could be expanded through incorporation of stroma, endothelium, and immune cells. These co-cultures could be even more reflective of the native tumor population and architecture [1]. 
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Lindsey Sablatura: Practice loading the microfluidic plates with easily expanded cell lines, to become highly proficient before shifting to more precious cells, like PDXs [1].
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.5. Kristin Bircsak: Alignment during plate dispensing greatly impacts success, and the visual demonstration can easily convey this concept [1].
1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)


1.6. Daniel Harrington: Demonstrating the procedure will be Lindsey Sablatura, a graduate student from Rice University, and Kristin Bircsak, Principal Scientist from Mimetas US [1] [2].  
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.7. Tumor tissue was obtained with patient consent and according to an approved Institutional Review Board (IRB) protocol. Xenografts were implanted, grown, and harvested according to an accepted Institutional Animal Care and Use Committee (IACUC) protocol.
1.1. 

Section - Protocol
2. PDX (Patient-Derived Xenografts) Dissociation and Initial Purification of Stromal Component
2.1. To begin, transfer tumor tissue to a pre-weighed sterile 50-milliliter conical tube [1]. Rinse 6x with 30 milliliters of sterile PBS to remove blood and contaminants. Remove as much liquid as possible [2] and weigh the tumor tissue [3].
2.1.1. Talent places the tumor into a tube.
2.1.2. Talent adds buffer into the tube, mixes, and removes liquid.
2.1.3. Talent places the tube on a scale.
2.2. Transfer the tumor tissue to a 60-millimeter round tissue culture dish [1] and use a sterile razor blade or scalpel to mince it into 1-millimeter pieces [2].
2.2.1. Talent places the tissue into a dish.
2.2.2. CU: Talent minces the tissue into pieces.
2.3. Add 5 milliliters of PDX (pronounce as P-D-X) processing medium to collect the tumor slurry and transfer it to a new sterile 50-millliter tube [1]. Rinse the culture dish with another 5 milliliters of PDX processing medium [2], then with at least 5 milliliters of dissociation enzyme solution [3-TXT]. Add all the rinses into the 50-milliliter tube [4]. 
2.3.1. Talent adds 5 mL of solution into the dish and transfers into a tube.
2.3.2. Talent rinses the dish with 5 mL of solution.
2.3.3. Talent rinses the dish with another solution. TEXT: 10 mL dissociation enzyme solution for each gram of tumor
2.3.4. Talent transfers all rinses into the tube. (Editor: I’m unsure if the authors wanted to keep the VO here. I’ve left it for now in case the action is seen in the previous shot, but if no shot was provided, I’d omit this VO)
2.4. Incubate 20 minutes at 37 degrees Celsius with gentle shaking [1]. Halfway through the incubation time, swirl the tube gently [2].
2.4.1. Talent places the tube on a shaker.
2.4.2. Talent swirls the tube.
2.5. After incubation, pipette up and down gently with a serological pipette to break up clumps [1]. Place a 70-micron cell strainer over a new sterile 50-milliliter tube [2], and filter the cells [3].
2.5.1. CU: Talent pipettes up and down.
2.5.2. Talent places a cell strainer over a tube.
2.5.3. Talent filters the cells.
2.6. Then, centrifuge at 200 times g for 5 minutes to pellet the cells [1]. Remove the supernatant and resuspend in 2 to 3 milliliters of PDX culture medium [2]. Count the cells using a hemocytometer or automated cell counter [3].
2.6.1. Talent places the tube into a centrifuge.
2.6.2. CU: Talent removes supernatant and adds medium to resuspend.
2.6.3. Talent operates on a cell counter.
2.7. Use this table to estimate the required number of dissociated PDX-derived cells needed to achieve the desired cell density per chip [1-TXT].
2.7.1. LAB MEDIA: Table 1 TEXT: These values should be adjusted empirically.
2.8. Plate 1−2 x 106 cells in 5 milliliters of PDX culture medium per well of a 6-well tissue culture plate [2.8.1A]. Incubate for 48 hours at 37 degrees Celsius, 5 percent carbon dioxide, and 95 percent humidity, with gentle shaking at 50−55 rpm to promote cluster formation [2]. After the clusters have formed, proceed to centrifugation [3].
2.8.1. Talent adds medium into wells.
2.8.1A. [Added Shot]: Talent adds cells suspension. (Editor: This action should have been represented by 2.8.1. I’ve marked to use this shot and to omit 2.8.1)
2.8.2. Talent places the plate on a shaker in an incubator.
2.8.3. CU: Talent takes the plate from the shaker and shows the clusters have formed.

3. Density Gradient Centrifugation-Based Separation of PDX-Derived Clusters from Single Cells
3.1. First, prepare 20 milliliters of 100 percent density gradient solution by thoroughly mixing 18 milliliters of density gradient centrifugation solution with 2 milliliters of sterile 10x HBSS (pronounce as H-B-S-S) in a sterile 50-milliliter conical tube [1-TXT].
3.1.1. Talent mixes two solutions in a tube. TEXT: HBSS: Hanks’ balanced salt solution Video editor: Show text when VO says the word HBSS.
3.2. Dilute this 100% solution with sterile 1x HBSS to make 10 milliliters each of 20 percent, 30 percent, 40 percent, and 55 percent density gradient solutions [1].
3.2.1. Talent shows the four diluted solutions.
3.3. Add 3 milliliters of 55 percent density gradient solution to the bottom of a 15-milliliter conical tube [1]. Holding the tube at an angle, slowly dispense 3 milliliters of 40 percent density gradient solution onto the angled side of the tube, and on top of the 55 percent layer [2]. Repeat with the 30 percent density gradient solution [3].
3.3.1. CU: Talent adds 3 mL solution into a tube to the bottom.
3.3.2. CU: Talent tilts the tube, and adds a layer of 3 mL of solution. Important Step [Shots 3.3.2 and 3.3.3 combined]
3.3.3. CU: Talent tilts the tube, and adds another layer of 3 mL of solution. Important Step
3.4. Then, collect the supernatant of PDX rotation cultures with a 5-milliliter serological pipette into a tube, rinsing plate surface gently [1]. Centrifuge at 200 times g for 2 minutes to pellet cells [2]. 
3.4.1. CU: Talent transfers the supernatant into a tube, and rinses the plate surface.
3.4.2. Talent places the tube into a centrifuge.
3.5. Remove the supernatant and resuspend the cell pellet in 3 milliliters of 20 percent density gradient solution [1]. Carefully layer the 20 percent density gradient solution with cells onto the top of the gradient in the 15-millliliter tube [2].
3.5.1. CU: Talent removes supernatant and adds solution into the tube. Important Step
3.5.2. CU: Talent adds the solution with cells onto the top of the gradient. Important Step
3.6. Cap the tubes and centrifuge in a swing bucket rotor centrifuge for 30 minutes at 4 degrees Celsius, 2,000 times g, and 0 brake [1].
3.6.1. Talent places the tubes into a centrifuge, and adjusts settings.
3.7. After centrifugation, fractions are visible [1]. Viable PDX cell clusters are typically found at the 40−55% density gradient solution interface [3.7.1A]. Collect 2−3 milliliters of each fraction into fresh 15-millliter tubes [2]. Add 3−4 volumes of sterile 1x HBSS to each fraction [3] and invert to mix thoroughly [3.7.3a]. 
3.7.1. Talent takes the tube from the centrifuge, and shows the fractions. Video editor: Highlight the fraction 3 from the top to show viable clusters when VO says “viable PDX cell clusters…”  Important Step
3.7.1A. [Added Shot]: Talent points out viable clusters
3.7.2. CU: Talent transfers fractions into tubes. Important Step
3.7.3. Talent adds solution into the tubes, and inverts to mix.
3.7.3A. [Added Shot]: Talent inverts the tube
3.8. Centrifuge at 1,000 times g for 3 minutes to pellet the cells [1]. Remove the supernatant and resuspend the cell pellet in 1−2 milliliters of PDX processing medium [2].
3.8.1. Talent places the tubes into a centrifuge. Use 3.4.2
3.8.2. CU: Talent removes the supernatant and adds solution to resuspend.
3.9. Transfer a small aliquot, between 50−100 microliters, into a tube, and add an equal volume of dissociation enzyme solution for re-dissociation to assess the cell number in the clustered cell suspension [1]. Count the cells with a hemocytometer or automated cell counter [2].
3.9.1. Talent adds the mixture and solution into a tube.
3.9.2. Talent operates on a cell counter. Use 2.6.3
4. Hydrogel Preparation and Microfluidic Plate Seeding
4.1. Reconstitute hyaluronic acid hydrogel solutions according to the manufacturer’s instructions [1]. Using a multichannel pipette, add 50 microliters of HBSS to all wells in observation window columns of a 2-lane microfluidic plate to maintain culture humidity and optimal imaging conditions [2].
4.1.1. Talent shows the HA hydrogel solution.
4.1.2. Talent adds solution into wells.
4.2. Calculate the volume of cell suspension needed for 50 microliters of hydrogel at the desired cell density, for example, 5,000 cells per microliter [1]. For seeding one microfluidic plate, aliquot the calculated volume into each of 4 sterile 1.5-milliliter centrifuge tubes [2].
4.2.1. Talent does calculation on a paper.
4.2.2. Talent transfers the mixture into 4 tubes.
4.3. Adjust the pH of the HA-SH (pronounce as H-A-thiol) solution to 8.0 with 1 normal sodium hydroxide immediately prior to use [1]. Perform a test gelation by mixing 40 microliters of HA-SH with 10 microliters of PEGDA (pronounce as peg-D-A) and monitoring gelation over time [2-TXT]. 
4.3.1. Talent adds solution into the hydrogel solution, and shows the pH.
4.3.2. Talent mixes two solutions, and shows the gelation. TEXT: Gelation typically begins 5−8 min after mixing HA-SH with the PEGDA crosslinker. Video editor: Expedite after mixing, to show the gelation in an expedited speed.
4.4. Next, centrifuge the cell suspension aliquots for 2 minutes at 200 times g and room temperature to pellet the cells [1]. Carefully remove the supernatant and resuspend the cells in 40 microliters of HA-SH (pronounce as H-A-thiol) for a 50-microliter final volume [2]. 
4.4.1. Talent places the tubes into a centrifuge.
4.4.2. Talent removes the supernatant and adds solution into the tubes.
4.5. Add 10 microliters of PEGDA to one aliquot of the cells in HA-SH. Mix well and wait 1−3 minutes before seeding the microfluidic plate [1].
4.5.1. CU: Talent adds solution into the cell mixture.
4.6. Affix a tip for dispensing 1.5 microliters to a single channel repeating pipette [1] and load with the cells in HA hydrogel solution. Remember to keep the hydrogel aliquot well-mixed to ensure even cell distribution [2].
4.6.1. CU: Talent fixes a tip. [Shots 4.6.1 – 4.7.1 combined]
4.6.2. Talent loads the pipette tip with hydrogel solution.
4.7. To seed the microfluidic plate, align pipette tip perpendicular to the plate while gently placing the tip in the center of the gel inlet to ensure contact but no pressure when dispensing 1.5 microliters of hydrogel solution [1].
4.7.1. CU: Talent dispenses gel into the inlet. Important Step
4.8. Observe the fill status of the microfluidic channels [1] by viewing from the top of the plate [2], bottom of the plate [3], or by microscope [4]. Assess the loading, using this figure as a guide [5].
4.8.1. LAB MEDIA: Figure 3A
4.8.2. LAB MEDIA: Figure 3A – Video editor: Emphasize the “Top View”.
4.8.3. LAB MEDIA: Figure 3A – Video editor: Emphasize the “Bottom View”.
4.8.4. LAB MEDIA: Figure 3A – Video editor: Emphasize the “Microscope View”.
4.8.5. LAB MEDIA: Figure 3B
4.9. One minute after the loading, invert the plate while preparing for the next aliquot [1]. Repeat the seeding of the microfluidic plate for the remaining 3 aliquots of cells in HA solution [1].
4.9.1. Talent inverts the plate.
4.9.2. Talent mixes solution, and adds into the plate.
4.10. After all chips are filled, incubate the plate at 37 degrees Celsius in a humidified incubator for 45 minutes, until gelation is complete [1].
4.10.1. Talent places the plate into an incubator.
4.11. After that, using the manual provided, ensure the perfusion rocker is installed in the cell culture incubator with the correct perfusion settings at 14-degree angle and 4-minute intervals [1].
4.11.1. Talent shows the perfusion rocker and its settings.
4.12. Add 50 microliters of PDX culture medium to all medium inlets [1]. Gently tap the plate against a surface to encourage the liquid to fill the microfluidic channels [2]. Then, flip the plate to check if the channels are filled properly [3].
4.12.1. CU: Talent adds medium into inlets.
4.12.2. Talent taps the plate.
4.12.3. Talent flips the plate to check.
4.13. Add 50 microliters of DMEM-F12 for all medium outlets [1]. If any air bubbles are trapped in the perfusion channel [2], remove by gently tapping the plate against a surface [3].
4.13.1. Talent adds medium into outlets.
4.13.2. ECU: Talent shows air bubbles.
4.13.3. Talent taps the plate.
4.14. Using a microscope and plate layout form, record chip filling success. Exclude improperly filled chips from further experimental use [1].
4.14.1. LAB MEDIA: Supplemental Figure 1 Video editor: Scroll down the form.
4.15. Place the plate on a tilting rocker set to a 14-degree tilt and a 4-minute cycle to begin perfusion [1]. Every 2 days [2], replace the PDX culture medium. First 50 microliters in the inlets, then 50 microliters in the outlets [3].
4.15.1. Talent places the plate on a rocker.
4.15.2. Talent takes the plate from the rocker.
4.15.3. [bookmark: _GoBack]Talent replaces the medium.
Section – Results
5. Results: Cell Staining and Viability Assessment
5.1. In this study, a programmable perfusion rocker was installed in a standard water-jacked cell culture incubator [1], and two-lane microfluidic plates were prepared in a standard biosafety cabinet for loading [2].
5.1.1. LAB MEDIA: Figure 1C
5.1.2. LAB MEDIA: Figure 1A&B
5.2. 3D microfluidic PDX culture viability and morphology were evaluated in both unseparated and density gradient centrifugation separated conditions [1]. On day 1, those cultures which underwent the separation method exhibited 10-fold fewer single, dead cells [2], compared to unseparated cultures [3].
5.2.1. Figure 4A
5.2.2. Figure 4A – Video editor: Emphasize the red in both images.
5.2.3. Figure 4B
5.3. Importantly, the separated clusters primarily consisted of live cells [1]. No statistically significant difference was identified for the cluster size distribution [2].
5.3.1. Figure 4A – Video editor: Emphasize the green in both images.
5.3.2. Figure 4C
5.4. Cultures were further maintained in the microfluidic plate for seven days [1]. The total number of live cells remained consistent [2] and clusters retained approximately 80 percent viability over the life of the culture [3].
5.4.1. Figure 5A
5.4.2. Figure 5B
5.4.3. Figure 5C – Video editor: Emphasize the last two columns.




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Lindsey Sablatura: Remember that each PDX line is unique, so the ease of tumor digestion, the phenotypic size/morphology of clusters, and the clusters’ location within the gradient purification will vary [1]. 
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.2. Kristin Bircsak: PDX cultures established using this method can be assayed with image or plate-reader based viability assays, fixed and immunofluorescently labeled, or dissociated to collect cell lysates for other protocols [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.3. Kristin Bircsak: The method will allow researchers to recapitulate the tumor microenvironment in order to explore biology or drug response of tumor cells [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.4. Pamela Constantinou: Users should complete standard Human Subjects training and Bloodborne Pathogens Training prior to working with human-derived tissues. Appropriate personal protective equipment (PPE) should be worn [1].
6.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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