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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar? NO

2. Software: Does the part of your protocol being filmed demonstrate software usage? NO

3. Interview statements: Please select one.
☒ 	Interviewees self-record interview statements. 

☐ 	Interview Statements are read by JoVE’s voiceover talent. 


3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: We have already filmed and submitted

When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 

· To ensure that your video paper meets our publication requirements, the protocol is restricted to 55 shots. 

Protocol Length
Number of Steps: 21
Number of Shots: 44

 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. Additional optional statements may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Kihak Gwon: There is considerable interest in 3D cultures of human pluripotent stem cells (hPSCs) due to improved pluripotency and differentiation potential of this culture format. We describe an encapsulation strategy that leads to reproducible formation of hPSCs spheroids. Once encapsulated, these stem cell spheroids are amenable to cultivation either in multi-well plates or stirred bioreactors. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 

REQUIRED: What is the main advantage of this technique?

1.2. Kihak Gwon: Our encapsulation strategy is optimized for excellent cell viability and high efficiency of spheroid formation. Encapsulated spheroids are protected against shear or mechanical damage associated with stirring or rocking.  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Kihak Gwon: Development of stem cell-derived cellular therapies depends in part on the ability to generate the desired cellular product in a scalable, efficient and cost-effective manner. The encapsulation technology described here represents a step in this direction.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. Kihak Gwon: The encapsulation technology described here will be broadly application to 3D cultivation of various cell types from adult cells to adult and pluripotent stem cells.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. : Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Skip)

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Kihak Gwon: The methodology used for fabricating microfluidic devices and performing stem cell encapsulation is somewhat involved and will benefit from visual demonstration.

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Is each interview statement 30 words or fewer? ☒ Yes
Has any author been assigned more than two statements? ☒ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Kihak Gwon: Demonstrating the procedure will be Hye Jin Hong, a Research Fellow from our laboratory.

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera

1.8. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear as a title onscreen.
· The two-digit numbers (e.g., 2.1., 2.2.) represent steps of your protocol. The text will be recorded by JoVE’s voiceover talent. 
· The three-digit numbers (e.g., 2.1.1., 2.2.2.) represent the shots that your videographer will capture in your lab. 

Please use this draft script to help you prepare for filming day.
· If a step will take more than 10 minutes, we recommend preparing the product for that step in advance.
2. [bookmark: _Hlk96307486]Preparation of Solution
2.1. Begin by preparing 30 milliliters of 2 times core stock solution by mixing 4.8 grams of 35 kilodalton PEG, 10.2 milliliters of density gradient media, and 19.8 milliliters of DMEM/F12 (D-M-E-M-F-twelve) media [1]. Then filter this core solution using a 0.22-micrometer syringe filter [2].
2.1.1. Talent mixing the chemicals.
2.1.2. Talent filtering the solution.

2.2. [bookmark: _Hlk96307048]Now prepare 50 milliliters of mineral oil with 3% surfactant by mixing 48.5 milliliters of mineral oil and 1.5 milliliters of surfactant [1]. Keep it in a sterile condition after filtration through a 0.22-micrometer syringe filter [2].

2.2.1. Talent mixing mineral oil and surfactant.
2.2.2. Talent filtering the solution.

2.3. Similarly, prepare 1 molar DTT (D-T-T), 1 molar TEA (T-E-A), and 1% PF127 (P-F-1-2-7) solutions as mentioned in the text manuscript [1-TXT]. 

2.3.1. A shot of the prepared solutions. TEXT: TEA-Triethanolamine, PF127-Pluronic, DTT: Dithiotheritol

2.4. Prepare a crosslinker emulsion by mixing 4.5 milliliters of mineral oil with 3% surfactant and 300 microliters of 1 molar DTT [1]. After vortexing the solution for 2 minutes, sonicate for 45 to 60 minutes in an ultrasonic bath at 20 degrees Celsius [2] and load it to a 5-milliliter syringe with a 27-gauge needle [3].

2.4.1. Talent mixing mineral oil and surfactant with DTT.
2.4.2. Talent sonicating the crosslinker emulsion.
2.4.3. Talent loading the solution in the syringe.

2.5. Prepare shielding oil solution by loading the mineral oil with 0.5% surfactant to a 5-milliliter syringe with a 27-gauge needle [1].

2.5.1. Talent loading the shielding oil solution in the syringe.

2.6. Prepare shell solution by vortexing 32 milligrams of PEG4Mal in 400 microliters of DPBS (D-P-B-S) and then add 6 microliters of 1 molar TEA [1]. Centrifuge this solution through a spin-filter [2-TXT] and keep it in the dark on the rocker for 30 minutes [3]. Then, load this solution to a 1-milliliter syringe with a 27-gauge needle [4]. AUTHORS: How do you pronounce PEG4Mal? Answer: P-E-G-4-Maleimide

2.6.1. Talent adding PEG4Mal, DPBS, and TEA.
2.6.2. Talent centrifuging the solution. TEXT: Centrifugation: 13,000 x g, 5 min, RT
2.6.3. Talent keeping the solution on the rocker in dark.
2.6.4. Talent loading the shell solution in syringe.

2.7. Finally, prepare the final core solution by resuspending 20106 hPSCs [1-TXT] in 200 µL media and mix with 30 µL of 1% PF127, and 200 µL of 2 core solution [1]. Insert a small stirrer bar (27 mm) to a 1 mL syringe [2], and load the cell containing core solution to the syringe with a 27-gauge needle [3]. 	Comment by Gonzalez Suarez, Alan M., Ph.D.: A final core solution preparation step was added.
It was missing from the script.

2.7.1. Talent preparing final core solution with cells. TEXT: 20106 hPSCs
2.7.2. Talent inserting stirrer bar to syringe.
2.7.3. Talent loading the core solution in syringe.


3. Experimental Setup

3.1. Begin by placing bonded PDMS droplet device, four pieces of 20-centimeter-long and one piece of 5-centimeter-long inlet microtubes, one piece of 10-centimeter outlet tube, and six pieces of 0.5-centimeter fitting tubes beneath a germicidal light source for 30 minutes for sterilization [1-TXT].

3.1.1. Talent placing the devices under a germicidal light source. TEXT: PDMS- polydimethylsiloxane.

3.2. Now fit the four pieces of 20-centimeter-long inlet microtubes into the shell, oil, crosslinker emulsion, and dissociation device inlets, using forceps [1].

3.2.1. Talent fitting 20-centimeter inlet microtube in the shell, oil, crosslinker emulsion, and dissociation device inlets.

3.3. Then, insert the opposite end of the tubes to the syringe needle with the corresponding solution [1]. Meanwhile, connect the microfluidic device's core inlet and the dissociation device's outlet with a 5-centimeter microtube [2].

3.3.1. Talent inserting the opposite end of the tubes to the needle of syringe.
3.3.2. Talent connecting the 5-cm microtube to the inlet and outlet.

3.4. Insert one outlet tube into the fluidic outlet port [1] and place the opposite end into a collection reservoir [2]. 

3.4.1. Talent inserting one outlet tube into the outlet port.
3.4.2. Talent placing the opposite end of the tube into the collection reservoir.

3.5. Next, place the device on a microscope stage [1] and attach the tubing to avoid any movement [2]. Align and focus the microscope on the device nozzle for flow inspection [3].

3.5.1. Talent placing the device on the microscope stage.
3.5.2. Talent attaching the tubing to the device.
3.5.3. Talent aligning and focusing the microscope on the device nozzle.

3.6. Place each syringe on different syringe pumps and secure properly [1]. Program each pump according to the manufacturer's protocols to the flow rates mentioned in the text manuscript [2] and start the flow in all the pumps [3].

3.6.1. Talent placing the syringes on syringe pumps.
3.6.2. Talent programming the flow rates.
3.6.3. Talent starting the flow.

3.7. Wait for each fluid to enter the device and fill up the channels while pushing out the remaining air [1TXT]. When the capsule formation is stabilized, place the opposite end of the collection tube to a new conical tube with 5 milliliters of mTeSR media [2]. AUTHORS: How do you pronounce mTeSR? Answer: m-T-ser

3.7.1. Talent filling up the channels. TEXT: Remove complete air from the tubing
3.7.2. Talent placing a new conical tube with mTeSR media to the opposite end of the collection tube.

3.8. Once enough capsules are collected, incubate them for 10 minutes [1-TXT]. The capsules residing in the oil phase will be at the top of the tube, which sediments to the bottom upon gently tapping the tube [2].

3.8.1. Talent incubating the tube. TEXT: Incubation: 37 °C, 5% CO2
3.8.2. Talent gently tapping the tube to settle the capsules to the bottom.

3.9. To retrieve capsules, start by removing oil from the collection tube [1]. Then, collect the capsules from the conical tube by placing them on a 10-micrometer pore size cell strainer [2], and wash with copious amounts of media [3]. Then, collect microcapsules using 2 milliliters media in a 6-well culture plate by running the media through the filter as it is inverted on top of the well-plate [4].	Comment by Gonzalez Suarez, Alan M., Ph.D.: This step was modified for accuracy.
Also, oil removal was added as it is an important step.

3.9.1. Talent removing oil from the top of the collection tube.
3.9.2. Talent placing the capsules on cell strainer.
3.9.3. Talent washing the capsules with media.
3.9.4. Talent adding more media to collect microcapsules.

4. Human Pluripotent Stem Cell (hPSC) Culture and Analysis in Microcapsules

4.1. Incubate the stem cell capsules in a 6-well culture dish at 37 degrees Celsius with 5% carbon dioxide [1]. 

4.1.1. Talent incubating the stem cell capsules in the incubator.

4.2. Change the media every other day by collecting the capsules on a cell strainer filter [1], washing them with excess media [2], and resuspending them to a new well in 6-well plates with 2-milliliter media [3-TXT]. 

4.2.1. Talent collecting the capsules on a cell strainer.
4.2.2. Talent washing the capsules with media.
4.2.3. Talent resuspending the capsules in new wells containing media. TEXT: Culture for 10 days. -

4.3. Perform viability assay by adding 4 microliters of the 2 micromolar ethidium homodimer-1 and 1 microliter of the 4 micromolar calcein-AM (A-M) solutions to 2 milliliters of sterile DPBS [1]. Vortex to ensure complete mixing [2].

4.3.1. Talent adding ethidium homodimer and calcein-AM solution to DPBS.
4.3.2. Talent vortexing the solution.

4.4. Collect approximately 100 microcapsules on a cell strainer [1] and rinse them with sterile DPBS to allow medium diffusion out from the capsules [2].

4.4.1. Talent collecting the microcapsules on cell strainer.
4.4.2. Talent rinsing the microcapsules with DPBS.

4.5. Collect them again in a 12-well culture plate using 1 milliliter of the prepared solution containing ethidium homodimer-1 and calcein-AM [1] and incubate at 37 degrees Celsius for 20 minutes [2].

4.5.1. Talent collecting the microcapsules in culture plate.
4.5.2. Talent incubating the plate.

4.6. Visualize the cells under a fluorescence microscope [1].

4.6.1. Talent at the fluorescence microscope, observing the cells.






Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 127. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.

5. [bookmark: _Hlk96313418]The Analysis of Characterization of Microcapsules and Encapsulation of hPSCs
5.1. [bookmark: _Hlk96313444]The optimal and suboptimal microcapsules fabricated using microfluidic droplet generation showed differences in capsule morphology as a function of PEG4Mal content in the shell. Smooth capsules with bright edges are associated with desired mechanical integrity [1]

5.1.1. LAB MEDIA: Figures 3A.

5.2. Aggregation of beads in the center of the capsules indicates that the core was aqueous, and the beads were free to move about [1].

5.2.1. LAB MEDIA: Figure 3B. Video Editor: Highlight the aggregate beads in the center. -

5.3. The fluorescent annulus indicated the presence of a hydrogel shell and was used to determine the shell thickness [1].

5.3.1. LAB MEDIA: Figure 3C. Video Editor: Highlight the red fluorescent annulus.

5.4. Live or dead staining 6 hours after encapsulating H9 (H-9) cells showed that the cells achieved more than 95% viability routinely during the encapsulation runs [1].

5.4.1. LAB MEDIA: Figure 4B and 4C.

5.5. Upon comparing the growth rate and differentiation potential of encapsulated versus unencapsulated spheroids, it was determined that the process of encapsulation has no adverse effects on hPSCs [1-TXT].

5.5.1. LAB MEDIA: Figure 4D. TEXT: hPSCs- human pluripotent stem cells
Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. Kihak Gwon: Please remember that it is important to establish optimal flow rate ratios between the core, shell and oil streams. Not doing this may result in capsules that will not be mechanically strong and may rupture during handling. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (step 3.6)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Kihak Gwon: We would like to point out that this encapsulation technique works for cell types other than hPSCs. We have encapsulated primary hepatocytes, cancer cell lines and mesenchymal stem cells using a similar strategy. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Kihak Gwon: Currently, our team is developing the next generation of microcapsules.  These microcapsules are bioactive, may be loaded with growth factors for in-capsule differentiation of stem cells. 

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Is each interview statement 30 words or fewer? ☒ Yes
Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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