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

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? No

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps: 21 
Number of Shots: 55   

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Some statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Da Yeon Ryu: Our research examines whether WNT-Boost+ can reproducibly generate human pluripotent stem cell-derived midbrain dopamine neurons with consistent identity and functional characteristics.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Da Yeon Ryu: This protocol supports developmental studies across multiple hPSC lines and enables reproducible generation of midbrain dopamine neurons for comparative research.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Jei Hyoung Park: This protocol allows researchers to assess differentiation efficiency, lineage identity, neuronal maturation, and post-thaw recovery of hPSC-derived midbrain dopamine neurons.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Jei Hyoung Park: Maintaining appropriate cell density, gentle dissociation and re-plating, and stage-specific monitoring are critical for reproducible midbrain dopamine neuron differentiation.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Sung Min Lee: Future studies can use these neurons to model Parkinson’s disease, investigate disease mechanisms, screen drugs, and evaluate cell-based therapies preclinically.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) at Daegu Gyeongbuk Institute of Science and Technology



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Cell Preparation and Basement Membrane Matrix Coating
Demonstrator: Ung Ki Kim 

2.1. Begin with undifferentiated human pluripotent stem cells or hPSCs (h-p-s-sees) maintained in a 6-well plate at 60 to 80 percent confluency [1]. Replace the medium with fresh stem cell culture medium [2].
2.1.1. WIDE: Talent placing a 6-well plate containing undifferentiated hPSCs inside the biosafety cabinet.
2.1.2. CU: Talent replacing the old medium with fresh stem cell culture medium.

2.2. In parallel, prepare a basement membrane coated 24-well plate, by diluting the basement membrane matrix 1 to 30 in cold DMEM/F12 (d-m-e-m f-twelve) [1]. Add 400 microliters of the diluted matrix to each well of the 24-well plate [2] and incubate for at least 4 hours at room temperature [3].
2.2.1. CU: Talent diluting the basement membrane matrix 1-to-30 in cold DMEM/F12.
2.2.2. CU: Talent dispensing 400 microliters of diluted matrix into each well of a 24-well plate.
2.2.3. WIDE: The coated plate being incubated at room temperature.

2.3. For Day 0 only, add 10 micromolar ROCK (rock) inhibitor to the freshly prepared initial patterning medium [2].
2.3.1. CU: Talent adding ROCK inhibitor to the Day 0 patterning medium. 






3. Day 0: Cell Plating and Induction
Demonstrator: Ung Ki Kim 

3.1. Once the coated 24-well plate and Day 0 induction medium are ready, aspirate the medium from the hPSCs growing in a 6-well plate and add 1 milliliter of cell dissociation reagent to each well of the plate [1]. Incubate at 37 degrees Celsius for 20 to 30 minutes [2].
3.1.1. CU: Talent adding cell dissociation reagent to a well of the 6-well plate, after discarding the spent medium.
3.1.2. WIDE: Talent placing the plate in the 37 degrees Celsius incubator.

3.2. Triturate the cells 5 to 10 times with a 10-milliliter serological pipette until no visible clumps remain [1]. Transfer the suspension to a 50-milliliter conical tube [2] and centrifuge at 200 g for 5 minutes at room temperature [3].
3.2.1. CU: Talent triturating the dissociated cells until no visible clumps remain.
3.2.2. CU: Talent transferring the cell suspension to a 50-milliliter conical tube.
3.2.3. WIDE: Talent placing the 50-milliliter tube in the centrifuge.

3.3. Aspirate the supernatant and gently resuspend the pellet in 1 milliliter of plain Neurobasal medium [1]. Centrifuge again at 200 g for 5 minutes at room temperature [2]. Then resuspend the pellet in 1 milliliter of Day 0 induction medium [3].
3.3.1. CU: Talent gently resuspending the cell pellet in plain Neurobasal medium after discarding the supernatant.
3.3.2. WIDE: Talent placing the 50-milliliter tube in the centrifuge again for the second centrifugation.
3.3.3. CU: Talent resuspending the pellet in 1 milliliter induction medium after discarding the supernatant.

3.4. Mix an aliquot of the cell suspension with an equal volume of trypan blue to stain the cells [1]. Count the viable cells using an automated cell counter [2]. Adjust the suspension with Day 0 induction medium to seed 800,000 viable cells per well of a coated 24-well plate [3].
3.4.1. CU: Talent mixing trypan blue to a cell-suspension aliquot. 
3.4.2. Talent at the automated cell counter measuring cell viability.
3.4.3. CU: Talent adjusting the cell suspension to the required concentration using Day 0 induction medium. 

3.5. Immediately before seeding, discard the coating solution from the wells of the 24-well plate [1]. Add 1 milliliter of the prepared cell suspension to each well [2]. Gently rock the plate to distribute the cells evenly [3], then incubate overnight at 37 degrees Celsius with 5 percent carbon dioxide [4].
3.5.1. CU: Talent removing the coating solution from the wells of a 24-well plate.  
3.5.2. CU: Talent adding 1 milliliter of the prepared cell suspension into each well.
3.5.3. WIDE: Talent gently rocking the plate to distribute the cells evenly.
3.5.4. WIDE: Talent placing the plate in the 37 degrees Celsius incubator.

4. Days 1-10: Midbrain Dopamine Fate Induction
Demonstrator: Ung Ki Kim 

4.1. On Day 1, replace the medium with 2 milliliters of initial patterning medium per well [1-TXT]. On Day 3, replace it with 1 milliliter of initial patterning medium per well [2].
4.1.1. CU: Talent adding 2 milliliters of initial patterning medium per well. TXT: Refer to the text protocol for media composition details
4.1.2. CU: Talent adding fresh 1 milliliter initial patterning medium to each well. 

4.2. On Day 4, replace the medium with 2 milliliters of CHIR99021-boost (Chy-run ninety-nine zero-twenty-one) patterning-medium [1-TXT]. On Day 6, add 1 milliliter of the same boost medium per well [2].
4.2.1. CU: Talent adding 2 milliliters of CHIR99021-boost patterning medium to the wells. TXT: CHIR99021 concentration - 6 µM
4.2.2. CU: Talent adding 1 milliliter CHIR99021-boost patterning medium per well.

4.3. On Day 7, replace the medium with 2 milliliters of CHIR99021-only patterning medium [1-TXT]. On Day 9, add 1 milliliter of the same medium per well [2].
4.3.1. CU: Talent adding 2 milliliters of CHIR99021-only patterning medium to a well of the 24-well plate. TXT: CHIR99021 concentration - 6 µM
4.3.2. CU: Talent adding 1 milliliter of the same medium per well. 

4.4. Additionally, on Day 9, coat a new 24-well plate with 15 micrograms per milliliter of poly-L-ornithine in DPBS [1] and incubate overnight at 37 degrees Celsius [2]. 
4.4.1. CU: Talent adding poly-L-ornithine coating solution to a new 24-well plate.
4.4.2. WIDE: Talent placing the poly-L-ornithine-coated plate in the 37 degrees Celsius incubator overnight.

4.5. On Day 10, replace the culture medium with 1 milliliter of midbrain dopamine neuron induction medium per well [1]. 
4.5.1. CU: Talent adding midbrain dopamine neuron induction medium to the differentiating cultures.

4.6. Also on Day 10, wash the previously prepared poly-L-ornithine-coated 24-well plate three times with DPBS [1]. Add fibronectin and laminin coating solution at 500 microliters per square centimeter [2-TXT]. Incubate overnight at 37 degrees Celsius [3].
4.6.1. CU: Talent washing the poly-L-ornithine-coated plate with DPBS.
4.6.2. CU: Talent adding fibronectin and laminin coating solution. TXT: 2 µg/mL Fibronectin; 2 µg/mL Laminin
4.6.3. WIDE: Talent placing the fibronectin- and laminin-coated plate in the 37 degrees Celsius incubator overnight.

5. Day 11: Passage of Differentiated Cells
Demonstrator: Hyebin Koh 
5.1. On Day 11, aspirate the medium [1]. Wash the differentiating cells with DPBS [2] and add 500 microliters of single-cell dissociation solution to each well [3]. Incubate at 37 degrees Celsius for 30 to 40 minutes [4].
5.1.1. CU: Talent discarding spent culture medium from each well of the plate.
5.1.2. CU: Talent washing the differentiating cells with DPBS.
5.1.3. CU: Talent adding single-cell dissociation solution to the washed cells in each well.
5.1.4. WIDE: Talent placing the plate in the 37 degrees Celsius incubator.

5.2. Place a sterile 40-micrometer cell strainer on a labeled 50-milliliter conical tube [1]. Triturate the cells 5 to 10 times to obtain a uniform suspension and pass it through the strainer [2]. Rinse each original well with 500 microliters of pre-warmed plain Neurobasal medium [3] and pass the rinse through the same strainer [4].
5.2.1. CU: Talent placing a sterile cell strainer on a labeled 50-milliliter conical tube.
5.2.2. CU: Talent passing the triturated uniform cell-suspension through the strainer.
5.2.3. CU: Talent rinsing the wells with pre-warmed plain Neurobasal medium.
5.2.4. CU: Talent passing the rinse through the same strainer.

5.3. Centrifuge the filtered cell suspension at 200 g for 5 minutes at room temperature [1]. Aspirate the supernatant, gently resuspend the pellet in 1 milliliter of plain Neurobasal medium [2], and repeat the centrifugation [3]. Finally, resuspend the pellet in 1 milliliter of midbrain dopamine neuron induction medium [4].
5.3.1. WIDE: Talent placing the filtered cell suspension in the centrifuge.
5.3.2. CU: Talent resuspending the pellet in plain Neurobasal medium after discarding the supernatant.
5.3.3. Talent placing the 50-milliliter tube back in the centrifuge.
5.3.4. CU: Talent resuspending the washed cell pellet in midbrain dopamine neuron induction medium.

5.4. Count the viable cells [1]. Adjust the suspension to 1.6 million viable cells per well, in 1 milliliter of induction medium [2].
5.4.1. Talent counting viable cells using an automated cell counter.
5.4.2. CU: Talent adjusting the suspension to the required seeding density in induction medium. 

5.5. Immediately before seeding, aspirate the fibronectin and laminin coating solution from the prepared 24-well plate [1]. Then, plate 1 milliliter of cell suspension into each well [2]. Gently swirl the plate to ensure even cell distribution [3].Incubate the plate overnight at 37 degrees Celsius with 5 percent carbon dioxide [4].
5.5.1. CU: Talent aspirating the coating solution from the wells of a 24-well plate.
5.5.2. CU: Talent plating the prepared cell suspension into each well of the plate.
5.5.3. WIDE: Talent gently swirling the plate to distribute the cells evenly.
5.5.4. WIDE: Talent placing the 24-well plate in the 37 degrees Celsius incubator overnight.

6. Days 12-15: IWP-2/FGF18 Transition Treatment
Demonstrator: Hyebin Koh 

6.1. From Days 12 through 15, replace the medium daily with 1 milliliter of fresh transition medium per well [2].
6.1.1. CU: Talent aspirating the spent medium and adding fresh transition medium to the plate.

7. Day 16: Subsequent Culture Workflow
Demonstrator: Click here to enter name of demonstrator(s) 
Authors: After the shoot, please let us know who demonstrated the procedure for this section.
7.1. After the transition treatment, harvest the Day 16 progenitors for quality control [1] and either cryopreserve them [2] or re-plate them for further neuronal maturation [3]. 
7.1.1. Talent harvesting Day 16 cells from the plate. (Representative shot)
7.1.2. Talent adding differentiated cell suspension to a cryo-preservation vial. (Representative shot)
7.1.3. Talent re-plating the differentiated cells in a 24-well plate for further neuronal maturation. (Representative shot)



Results

8. Results 

8.1. On Day 16, differentiated cells showed robust co-expression of the floorplate and midbrain dopaminergic progenitor markers FOXA2 (fox a-two) and LMX1A (l-m-x-one-a) [1] as well as OTX2 (oh-tee-x-two) and EN1 (e-n-one), confirming successful ventral midbrain identity [2]. 
8.1.1. LAB MEDIA: Figure 3A. Video Editor: In Panel A, please highlight with an arrow the red FOXA2 and green LMX1A signals and their yellow overlap in the upper-right merged image. 
8.1.2. LAB MEDIA: Figure 3A. Video Editor: In Panel A, please highlight with an arrow the red OTX2 and green EN1 signals and their yellow overlap in the lower-right merged image.

8.2. By Day 40, the cells had developed extensive MAP2 (map- two)-positive neuronal networks [1] and expressed the mature dopaminergic neuron marker TH (tee-h) together with FOXA2, demonstrating successful maturation of hPSC-derived midbrain dopaminergic neurons [2].
8.2.1. LAB MEDIA: Figure 3B. Video Editor: In Panel B, please highlight the extensive white MAP2-positive neuronal network.
8.2.2. LAB MEDIA: Figure 3B. In Panel B, highlight with an arrow the green TH-positive neurons, and the red FOXA2-positive cells. 

8.3. Day 16 midbrain dopaminergic progenitors were successfully recovered following long-term cryopreservation and thawing [1]. Automated cell counting showed consistently high post-thaw viability across independent experiments [2]. 
8.3.1. LAB MEDIA: Figure 4A. Video Editor: In Panel A, please highlight the “Freeze & Thaw” step at Day 16 on the differentiation timeline.
8.3.2. LAB MEDIA: Figure 4C. Video Editor: In Panel C, please highlight the large red live-cell portions of the bar graph across all three trials.

8.4. One day after replating, the thawed cells attached efficiently and showed morphological recovery [1]. The recovered cells retained robust co-expression of FOXA2 and LMX1A, confirming preservation of their ventral midbrain progenitor identity [2].
8.4.1. LAB MEDIA: Figure 4D. Video Editor :In Panel D, please highlight the densely attached cells showing morphological recovery one day after thawing and re-plating.
8.4.2. LAB MEDIA: Figure 4E. Video Editor: In Panel E, please highlight the red orange FOXA2 signal, green LMX1A signal, and blue DAPI-stained nuclei. Then, use arrows in the merged image to indicate yellow regions of co-expressing cells.
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