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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.5 - 2.6, 3.1 – 3.2, 3.4 –3.6, 4.1, 4.4 – 4.6 _________________________________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) _____3.6, 4.1______________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE) 
The overall goal of this 3D organotypic melanoma spheroid skin model is to recapitulate both the architecture and multicellular complexity of an organ or tumor in vivo, while accommodating systematic experimental intervention. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ines Müller: This method can help answer key questions in the field of melanoma research, such as tumor host interaction and therapeutic intervention [1-MED]. 
1.1.1. Ines speaking to camera, looking slightly off center. Interview style
1.2. Ines Müller: The main advantage of this technique is that we can mimic the 3D architecture of non-vascularized metastasis in vivo [1-MED]. 
1.2.1. Ines speaking to camera, looking slightly off center. Interview style  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ines Müller: The implications of this technique extend toward therapy of melanoma because it reflects tumor heterogeneity [1-MED].  
1.3.1. Ines speaking to camera, looking slightly off center. Interview style
1.4. Dagmar Kulms: Generally, individuals new to this method will struggle because the quality of the primary cells is decisive, and no antibiotics are used during culturing of cells [1-MED].
1.4.1. Dagmar speaking to camera, looking slightly off center. Interview style
1.5.  Ines Müller: We first had the idea for this method when we struggled with melanoma resistance against therapeutics [1-MED].
1.6.1 Ines speaking to camera, looking slightly off center. Interview style
1.6. Dagmar Kulms: Visual demonstration of this method is critical as the proper handling of the 3D melanoma skin model is important [1-MED].   
1.7.1. Dagmar speaking to camera, looking slightly off center. Interview style

*Note to the Authors: Goal and interview statements have been edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. The study was performed using commercially available primary cells, and spheroids were generated from the cell lines.
Protocol: (read by voice talent at JoVE)
2. Generation of 3D Melanoma Spheroids Via the Hanging Drop Method
2.1. To begin, culture melanoma cells, 451-LU (Pronunciation: 4-5-1-L-U), using RPMI medium (Pronunciation: R-P-M-I) containing 10% FCS (Pronunciation: F-C-S) according to general cell culture protocols [1-MED-TXT]. 
2.1.1. Talent adding RPMI medium to the cell culture flask containing melanoma cells inside the sterile hood; show RPMI medium container label visible in the frame and ensure that the label is readable, TEXT: RPMI: Roswell Park Memorial Institute 
2.1.2. Added shot: Talent aspirates medium
2.1.3. Added shot: Talent adds medium
2.2. To generate melanoma spheroids, wash the cultured melanoma cells in PBS [1-MED]. Then, add 5 milliliters of 1x trypsin-EDTA (Pronunciation: 1-times-trypsin - E-D-T-A) in PBS [2-MED]. Incubate for 3 to 5 minutes at room temperature [3-WIDE].  
2.2.1. Talent aspirates medium.
2.2.2. Talent adding PBS to the cell culture flask containing melanoma cells.
2.2.3. Talent adding 1x trypsin-EDTA to the flask; show 1x trypsin-EDTA container label visible in the frame and ensure that the label is readable   

2.2.4. Talent setting the flasks aside for incubation

2.3. Add 5 milliliters of RPMI containing 10% FCS to neutralize the trypsin [1-MED]. Then, transfer the cell suspension to a centrifuge tube [2-MED]. Centrifuge at 200 x g for 5 minutes to harvest the cells [3-MED-over the shoulder]. 

2.3.1. Talent adding RPMI medium to the flask. Talent transferring the cell suspension to a centrifuge tube.
2.3.2. Talent transferring the cell suspension to a centrifuge tube
2.3.3. Talent putting the tube in the centrifuge. Film centrifuge settings if possible.

2.4. Re-suspend the cell pellet in RPMI containing 10% FCS [1-CU]. Next, count the cells… [2-MED-over the shoulder-TXT] and dilute the cell suspension to a final concentration of 10,000 cells per milliliter [3-MED]. 
2.4.1. Talent adding RPMI medium to the cell pellet and starts mixing; show the pellet if visible.  
2.4.2. Talent placing a hemocytometer under the microscope and checking it, TEXT: Cell concentration is determined with a hemocytometer

2.4.3. Talent adding RPMI to the cell suspension
2.5. Use an electronic multi-pipette to make 40 25-microliter spots of cell suspension on the inner surface of the lid of a sterile, non-adhesive 10-centimeter cell culture dish [1-CU]. 
2.5.1. Talent making spots of cell suspension on the inner surface of the lid using an electronic multi-pipette; Film it for only 2-3 spots  
2.5.2. Added shot: CU
2.5.3. Added shot: Turning the lid over and put it onto the dish. 
2.6. Next, turn the lid over with a fast, smooth movement and place it on the cell culture dish containing 5 milliliters of PBS [1-CU]. Culture the hanging drop dishes at 37 °C in 5% CO2 for 10 to 14 days [2-MED-over the shoulder].   
2.6.1. Talent turning the lid over and placing it on the cell culture dish containing PBS; If possible, show the spots after placing the lid on the cell culture dish. Videographer note: Use 2.5.3. instead
2.6.2. Talent putting the culture dish inside the incubator. 
2.7. 5 days after the initial drop spotting, use an electronic dispenser to add 10 microliters of RPMI containing 10% FCS to each drop [1-CU-TXT]. 
2.7.1. Talent adding RPMI to few of the drops using an electronic dispenser, TEXT: Replace medium every other day
2.8. After 10 to 15 days, harvest the spheroids by gently rinsing them of the lid with PBS [1-ECU]. Collect the spheroids in a fresh non-adhesive cell culture dish [2-CU].  
2.8.1. Talent harvesting the spheroids with PBS; Talent collecting the spheroids in a fresh cell culture dish.
2.8.2. Talent collecting the spheroids in a fresh cell culture dish; Get multiple useable takes, shots will be repeated later     
3. Generation of the Dermal and Epidermal Counterparts of Organotypic Full Skin Reconstructs
3.1. To generate the dermal counterpart of the skin reconstructs, place 8-micrometer pore size membrane inserts in a 24 well cell culture plate [1-MED]. For each insert, resuspend 100,000 fibroblasts in gel neutralization solution [2-CU-TXT]. 
3.1.1. Talent placing the membrane inserts in a 24 well plate; Film it for only 2-3 inserts
3.1.2. Talent resuspending fibroblast pellet in gel neutralization solution; show the fibroblast pellet if visible; show the labeled gel neutralization solution container visible in the frame, TEXT: Refer to the text for fibroblast isolation 
3.2. Next, quickly mix the fibroblast suspension with collagen type I, at a ratio of 1:3, in a final volume of 500 microliters without forming bubble [1-CU]. Then, use a pipette to add the suspension to each insert [2-MED].  
3.2.1. Talent mixing the fibroblast suspension with collagen without forming bubble; show the collagen container label visible in the frame and ensure that the label is readable
3.2.2. Talent adding the suspension to the insert
3.3. Inside a sterile hood, place the inserts at room temperature without medium for 30 minutes to allow the dermal gels to settle [1-MED-over the shoulder]. Next, cover the gels with DMEM (Pronunciation: D-M-E-M)... [2-CU] and incubate overnight at 37 °C [3-WIDE].
3.3.1. Talent placing the 24 well plate containing inserts inside the sterile hood into incubator.
3.3.2. Talent adding DMEM to the insert to cover it
3.3.3. Talent placing the plate at 37 °C for incubation 
3.4. After the overnight incubation, remove DMEM from the dermal gels… [1-MED] and equilibrate them with EGM (Pronunciation: E-G-M) for 2 hours at 37 °C to generate the epidermal counterpart of the skin reconstructs [2-MED-TXT]. 
3.4.1. Talent removing DMEM from the insert
3.4.2. Added shot: Talent adding EGM to the insert

3.4.3. Talent adding EGM to the insert, then placing the plate at 37 °C for incubation, TEXT: EGM: Endothelial growth medium
3.5. Next, use a pipette to remove EGM from the gels [1-MED]. Then, carefully seed 100,000 keratinocytes resuspended in 100 microliters of EGM on top of each gel [2-CU-TXT].   
3.5.1. Talent removing EGM from the insert 
3.5.2. Talent adding keratinocyte suspension on top of the gel; show keratinocyte suspension container label visible in the frame and ensure that the label is readable, TEXT: Refer to the text for keratinocyte isolation 
3.6. Incubate the reconstructs for 1.5 hours at 37 °C to allow the keratinocytes to adhere to the dermal gel [1-MED-over the shoulder]. Using a pipette tip, carefully remove the residual gel from the insert wall [2-CU]. Next, cover each reconstruct with 800 microliters of EGM and culture for 7 days at 37 °C in 5% CO2 [3-MED-TXT]. 
3.6.1. Talent placing the inserts at 37 °C for incubation 
3.6.2. Talent removing the residual gel from the insert wall with a pipette tip

3.6.3. Added shot: Talent adding EGM to the insert

3.6.4. Talent adding EGM to the insert, then placing the 24 well plate inside the incubator, TEXT: Change medium every other day 

3.7. Ines Müller: Carefully remove residual gel from the insert wall with a small, white pipette tip [1-MED].
3.7.1. Ines speaking to camera, looking slightly off center. Interview style.
4. Air-liquid Cultivation of Organotypic Full Skin Reconstructs and Generation of Organotypic Melanoma Spheroid Skin Reconstructs
4.1. On day 8, place the inserts into separate wells of a 6 well plate [1-MED]. Next, add 1.2 to 1.4 milliliters of metastatic melanoma medium to each well to cover only the base of the skin reconstruct [2-CU/ECU-TXT]. Then, incubate for 10 to 17 days at 37°C in 5% CO2 [3-MED-over the shoulder-TXT].  
4.1.1. Talent taking the inserts from the 24 well plate and placing them in separate wells of a 6 well plate; Film it only for 2-3 inserts
4.1.2. Talent adding metastatic melanoma medium to the well; Show ECU detail if possible; Show the labeled metastatic melanoma medium container visible in the frame, TEXT: Reconstructs shouldn’t be covered entirely with medium 

4.1.3. Added shot: ECU

4.1.4. Talent placing the plate inside an incubator, TEXT: Change the medium every other day

4.2. Ines Müller: Only add 1.2-1.4 mL of MM medium to each well, so that the skin reconstruct is supplied with medium from the bottom of the well but is not covered with medium [1-MED].
4.2.1. Ines speaking to camera, looking slightly off center. Interview style.
4.3. Then, use curved tweezers to carefully remove the full skin reconstructs from the inserts [1-CU]. 

4.3.1. Talent removing the full skin reconstruct from the insert using a curved tweezer

4.4. To integrate melanoma spheroids to the dermal counterpart of the full skin reconstructs, use PBS to carefully rinse the spheroids of the lid of a hanging drop cell culture dish [1]. 
4.4.1. *Use shot 2.8.1

4.5. For each full skin reconstruct, collect 10 to 20 spheroids in a sterile, non-adhesive cell culture dish [1]. Use a pasture pipette to carefully remove excess PBS [2-MED].
4.5.1. *Use shot 2.8.2

4.5.2. Talent removing excess PBS using a pasture pipette 

4.6. Next, aspirate the spheroids in a minimal volume of EGM [1-CU]. Then, transfer them to the required volume of gel neutralization solution containing 100,000 fibroblasts [2-CU]. 
4.6.1. Talent aspirating the spheroids in EGM. Talent transferring the spheroids to gel neutralization solution containing fibroblast; show the fibroblast suspension container level visible in the frame and ensure that the label is readable
4.6.2. Talent transferring the spheroids to gel neutralization solution containing fibroblast; show the fibroblast suspension container level visible in the frame and ensure that the label is readable 

4.7. For each insert, mix the spheroid suspension with collagen type I at a ratio of 1:3, in a final volume of 500 microliters [1-CU]. Finally, generate organotypic full skin reconstructs as outlined in the previously described protocol [2-MED].      
4.7.1. Talent mixing the spheroid suspension with collagen; show the collagen container label visible in the frame and ensure that the label is readable
4.7.2. Talent starts adding the spheroid suspension to the inserts placed in a 24 well plate     
5. Results: Validation of Organotypic Full Skin Reconstruct and Melanoma Spheroid Skin Reconstruct 
5.1. Normal human skin is compared to the skin reconstruct to validate the 3D organotypic skin reconstruct. Hematoxylin-Eosin (Pronunciation: hima-tak-se-len - ee-oh-sin) staining of the paraffin sections shows that the dermis and epidermis of the skin reconstruct are comparable to those in normal skin [1-LM]
5.1.1. 57500_ Müller_figure_4: Video editor: Use top row of Figure 4 (A and B) for this narration. Highlight the labels (epidermis and dermis) with color.  
5.2. Normal human skin and skin reconstruct are immunohistochemically analyzed to compare the epidermal differentiation. Immunostaining against epidermal stratification markers, namely keratin 14…, keratin 10 and involucrin…, and filaggrin… indicates similar level of keratinocyte differentiation between the skin reconstruct and normal skin [1-LM]
5.2.1. 57500_ Müller_figure_4: Video editor: Use 2nd, 3rd, 4th, and 5th rows of Figure 4 (A and B) for this narration and incorporate the labels (full skin equivalent and normal human skin) similarly as the original figure. Emphasize the 2nd row and highlight the red portion with an arrow labeled as “undifferentiated cells” when VO says “keratin 14”. Emphasize the 3rd and 4th rows and highlight the green portions with arrows labeled as “highly proliferative cells” when VO says “keratin 10 and involucrin”. Emphasize the 5th row and highlight the green portion with an arrow labeled as “highly differentiated cells” when VO says “filaggrin”. 
5.3. Immunostaining against laminin 5 indicates that the basal lamina is formed to physiologically connect the epidermal and dermal counterparts of the skin reconstruct, similar to normal skin [1-LM]. 
5.3.1. 57500_ Müller_figure_4: Video editor: Use 6th row of Figure 4 (A and B) for this narration and incorporate the labels (full skin equivalent and normal human skin) similarly as the original figure. Highlight the label (basal lamina) with color. 
5.4. Hematoxylin-Eosin staining of the paraffin section of melanoma spheroid skin reconstruct indicates that the cellular distribution of melanoma spheroids is similar to that of the non-vascularized human melanoma skin metastases in vivo. Histological examination reveals the presence of a peripheral proliferating subpopulation and central necrotic subpopulation of the melanoma cells [1-LM]. 
5.4.1. 57500_ Müller_figure_6: Video editor: Use Figure 6 for this narration. Emphasize the right side image (100 μm) and highlight the peripheral portion of the circular structure with an arrow when VO says “peripheral proliferating subpopulation”. Highlight the center part of the circular structure with an arrow when VO says “central necrotic subpopulation of the melanoma cells”.   
6. Conclusion (said by authors on camera)

6.1. Ines Müller: Once mastered, this technique can be done in about 40 days if it is performed properly [1-MED].
6.1.1. Ines speaking to camera, looking slightly off center. Interview style
6.2. Dagmar Kulms: While attempting this procedure, it’s important to remember to use primary cells of best quality [1-MED].
6.2.1. Dagmar speaking to camera, looking slightly off center. Interview style
6.3. Dagmar Kulms: After its development, this technique paved the way for researchers in the field of melanoma therapy to explore the therapeutic responsiveness in vitro in an in vivo mimicking environment in humans [1-MED].
6.3.1. Dagmar speaking to camera, looking slightly off center. Interview style
6.4. Ines Müller: After watching this video, you should have a good understanding of how to generate a human 3D organotypic melanoma skin model [1-MED].
6.4.1. Ines speaking to camera, looking slightly off center. Interview style
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

6.2- h.d.ppt- tumor spheroids formed in hanging drop
10.1/2-spingel.ppt – spheroids visible after insertion into dermal gel matrix
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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