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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 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. NO

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.) _________1.4, 2.4, 2.4.1, 3.1, 3.1.1, 3.4__________________________________

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, 3.7_____________________

E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? __________________________________NO_________________
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 procedure is to generate genetically modified organotypic skin cultures using devitalized human dermis to determine the impact of altered gene expression on epidermal growth and differentiation.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. George Sen: This method can help answer key questions in the dermatology field, such as determining which genes are responsible for epidermal growth, differentiation, and progression to disease. 

1.2. George Sen: The main advantage of this technique is that genetically altered human skin is generated within a few days which allows the study of human samples that are potentially clinically relevant.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** George Sen: Demonstrating the procedure will be Jingting Li, from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4.1 Procedures involving skin from human subjects have been approved by the University of California, San Diego’s Research Ethics Committee.
Protocol (read by voice talent at JoVE):
2. Preparation of Devitalized Human Dermis
2.1. If receiving frozen human skin, place the tissue in the tissue culture hood for 3 to 5 minutes to thaw [2.1.1-WIDE-TXT]. Once thawed, transfer the tissue into a sterile 50 milliliter conical tube or 125 milliliter bottle depending on size [2.1.2-MED]. 

2.1.1. Talent turns on the TC hood and places the container of tissue inside. TEXT: 3-5 minutes. 

2.1.2. *film as written. 

2.2. Next, add 4X penicillin and streptomycin in 1X PBS until the container is 75% full [2.2.1-MED]. Cap the container and shake vigorously for 5 minutes [2.2.2-MED – over the shoulder -TXT]. Remove the antibiotic solution and repeat this step 3 more times [2.2.3-MED]. 
2.2.1. *film as written. 

2.2.2. *film as written. TEXT: 5 minutes. 

2.2.3. Talent pours off/aspirates the solution and then adds fresh solution. 
2.3. After the last wash, transfer the tissue to a new container [2.3.1-CU] and add fresh antibiotic solution [2.3.2-MED]. Incubate this mixture in a tissue culture incubator at 37(C for 2 weeks to allow the separation of the dermis from the epidermis [2.3.3-MED-over the shoulder-TXT]. 
2.3.1. *film as written. 

2.3.2. *film as written. 

2.3.3. Talent places the container with the tissue in the TC incubator. TEXT: 14 days. 
2.4. When two weeks have elapsed, use forceps to peel away the epidermis from the dermis [2.4.1-CU]. Discard the epidermis according to the institution’s protocol for dealing with human tissue [2.4.2-MED].
2.4.1. The epidermis is peeled from the dermis. This is performed in the TC hood. Talent should be wearing something different to the previous shot to indicate that time has elapsed. 

2.4.2. Talent disposes of the epidermis into the appropriate waste receptacle.  
2.5. Place the dermis in a container of antibiotic solution and wash with vigorous shaking as before [2.5.1-MED-TXT]. 
2.5.1. *film as written. TEXT: 4 x 5 minute washes. 
2.6. After the last wash, transfer the dermis to a new container of antibiotic solution [2.6.1-MED] and store at 4(C until ready to use [2.6.2-WIDE-TXT].
2.6.1. *film as written. 
2.6.2. Talent places container with tissue in the refrigerator. TEXT: Dermis can be stored at 4(C for up to a year.
3. Genetic Modification of Primary Human Keratinocytes

3.1. The day before transfection, seed phoenix cells in complete media into a 6-well plate at a density of 800,000 cells per well [3.1.1-MED-TXT]. 

3.2. Talent pipettes cell suspension into a 6-well plate. TEXT: See written protocol for media composition. 

3.3. On the day of transfection, mix 6 microliters of transfection reagent with 100 μL of DMEM for each well to be transfected [3.2.1-CU], and incubate at room temperature for 5 minutes [3.2.2-MED – TXT]. 
3.3.1. Transfection agent is pipetted into a 1.5 milliliter Eppendorf tube containing DMEM. 
3.3.2. Talent caps the tube. TEXT: 5 minutes. 
3.4. Add the mixture to a tube containing 3 micrograms of retroviral vector for each well to be transfected [3.3.1-CU], and incubate at room temperature for 30 minutes [3.3.2-MED-over the shoulder-TXT]. 
3.4.1. The transfection mix is pipetted into the tube containing the retroviral vector. 

3.4.2. Talent presses start on a countdown timer set to 30 minutes. The capped tube is visible in the hood. TEXT: 30 minutes. 
3.5. Add this entire mixture drop-wise to each well of the phoenix cells [3.4.1-CU] and incubate the cells overnight [3.4.2-MED – over the shoulder]. 
3.5.1. *film as written. 
3.5.2. The plate is placed in the TC incubator. 
3.6. The day after transfection, remove the media from the phoenix cells [3.5.1-CU] and add 2 milliliters of fresh complete media [3.5.2-MED]. 
3.6.1. *film as written 
3.6.2. *film as written
3.7. On the same day, resuspend primary human keratinocytes in keratinocyte serum free medium with antibiotics [3.6.1-MED–TXT], and seed into 6-well plates at a density of 75,000 cells per well [3.6.2-MED-over the shoulder]. 
3.7.1. Talent pipettes from a media bottle labeled KCSFM, adds media to a tube containing cells and pipettes up and down. TEXT: See written protocol for KCSFM composition. 
3.7.2. Talent pipettes the resuspended cells into a 6-well plate. 
3.8. The following day, harvest the media, which now contains viral particles, from the transfected phoenix cells [3.7.1-MED]. Pass the media through a 0.45 micron filter using a syringe to remove any contaminating cells [3.7.2-CU]. 
3.8.1. Talent pipettes the media from a dish of phoenix cells. 
3.8.2. *film as written
3.9. Add 5 micrograms per milliliter of hexadimethrine bromide to the filtered virus-containing media to help mediate the infection process [3.8.1-MED]. Then pipette 2 milliliter of the virus onto the keratinocytes plated the previous day [3.8.2-CU]. 
3.9.1. *film as written. Show label. 
3.9.2. *film as written. 
3.10. Next, spin the 6-well plates in a centrifuge at 200 x g for 1 hour at room temperature [3.9.1-MED – over the shoulder]. After the spin, remove and discard the media-containing virus [3.9.2-MED].  
3.10.1. *film as written
3.10.2. *film as written
3.11. Wash the cells once with 1X PBS [3.10.1-MED] and then add fresh KCSFM [3.10.2-MED]. 
3.11.1. Talent swirls the plate, which already contains PBS in all wells and then aspirates the PBS from the wells.  

3.11.2. KCSFM is added to the empty wells. 
3.12. The following day, infect the same batch of keratinocytes with virus using the procedure just shown [3.10.1-CU]. 
3.12.1. Use 3.8.2-CU. 
4. Building an Organotypic Cassette
4.1. To make organotypic cassettes, use a cautery to remove a one centimeter by one centimeter square from the center of the lid of a 3.5 centimeter tissue culture dish [4.1.1-MED]. 
4.1.1. *film as written. All steps performed in TC hood. 
4.2. Attach square pegs to the bottom of the cassette using clear nail polish and allow five minutes for the nail polish to dry [4.2.2-CU-TXT]. 
4.2.1. Clear nail polish is painted onto the last peg/area of cassette. The last peg is attached. TEXT: 5 minutes. 
4.3. Finally, flip the cassette over and place the cassette into a six centimeter dish with the cassette resting on the pegs [4.3.1-MED]. 
4.3.1. *film as written. 
5. Organotypic Skin Cultures

5.1. Retrieve the dermis from 4(C storage [5.1.1-WIDE], and transfer it to a container of keratinocyte growth medium to wash [5.1.2-MED – TXT]. 
5.1.1. *film as written. 
5.1.2. *film as written. Performed in TC hood. TEXT: KGM: see written protocol for media preparation. 
5.2. After repeating the wash, place the dermis in fresh KGM [5.2.1-MED] and incubate at 37(C for two days [5.2.2-MED]. 
5.2.1. The dermis is transferred to a fresh container of medium. 
5.2.2. Talent places the container in the TC incubator. 
5.3. Following the incubation, use a scalpel to cut the dermis into 1.5 centimeter by 1.5 centimeter sized pieces [5.3.1-CU]. Then place onto the square hole of the organotypic cassette with the top of the dermis facing up [5.3.1-ECU].
5.3.1. *film as written. 

5.3.2.  One piece of dermis is placed into the square hole. Ensure that the detail of the top of the dermis is shown. 
5.4. Use forceps to flip the entire organotypic cassette containing the dermis [5.4.1-MED]. Add five drops of freshly thawed extracellular matrix to the bottom of the dermis and shake slightly to ensure even distribution across the dermis [5.4.2-CU]. 

5.4.1. *film as written
5.4.2. *film as written. 

5.5. After allowing the extracellular matrix to solidify for five minutes [5.5.1-CU-TEXT], use forceps to flip the cassette back over [5.5.2-CU], and then add four milliliters of KGM to the six-centimeter dish [5.5.3-MED]. 
5.5.1. Show the solidified ECM. TEXT: 5 minutes. 
5.5.2. *film as written. 
5.5.3. *film as written. 
5.6. Next, after harvesting and counting the genetically modified keratinocytes [5.6.1-MED], re-suspend 0.5 to 1 million cells in 90 (microliters of KGM [5.6.2-MED-over the shoulder], and dispense the cells onto the dermis [5.6.3-CU]. Incubate the co-culture at 37(C [5.6.4-WIDE]. 

5.6.1. Talent finishing the cell count and writing down the cell number on a piece of paper.  adding 10 microliter of the cell suspension onto the hemocytometer.
5.6.2.  Talent glances at the paper with the cell count and then adds pipettes 90ul of media into the tube of cells and pipettes up and down a few times. 

5.6.3. *film as written. 

5.6.4. Talent places the co-culture into the incubator. 
5.7. Change the media on the cultures every other day. Full stratification and differentiation of the epidermis usually occurs after day five. Tissue can be harvested up to fourteen days after plating [5.7.1-MED]. 
5.7.1. Film the whole of the media change (removal of media and addition of fresh media) to cover the narration. 
6. Results: Morphology and Gene Expression Analysis of Genetically Modified Human Epidermis
6.1. This image shows hematoxylin and eosin staining of organotypic skin cultures. Regenerated human skin contains both the epidermis and dermis [6.1.1-LM]. The epidermis is fully stratified and differentiated with 4 distinct layers including the undifferentiated basal layer [6.1.2-LM] and the 3 differentiated layers including the stratum spinosum, granulosum and corneum [6.1.3-LM]. 
6.1.1. 53280_Sen_Figure4. Show whole figure. 
6.1.2. 53280_Sen_Figure4. Show whole figure. Highlight ‘Stratum basale’ label.  
6.1.3. 53280_Sen_Figure4. Show whole figure. Highlight the ‘stratum spinosum’, ‘stratum granulosum’ and ‘stratum corneum’ labels in time with the narration. 
6.2. These immunofluorescence images demonstrate that overexpression of SNAI2 (pronounced as letters ‘S.N.A.I-two’), as shown on the right, inhibits epidermal differentiation compared to control tissue, shown on the left [6.2.1-LM]. Staining for the differentiation protein keratin 1, or K1, is shown in green and nuclei is marked in blue [6.2.2-LM]. 
6.2.1. 53280_Sen_Figure5A. Show whole figure. 

6.2.2. 53280_Sen_Figure5A. Show whole figure. Highlight ‘K1 + Hoescht’ legend. 
6.3. RT-qPCR analysis to measure mRNA levels of SNAI2 in control LACZ [6.3.1-LM] and SNAI2 overexpressing tissue [6.3.2-LM] demonstrates greater than 50-fold expression of SNAI2 relative to control [6.3.3-LM]. 
6.3.1. 53280_Sen_Figure5B. Show whole figure. Highlight ‘LZRS-LACZ’ figure legend. 
6.3.2. 53280_Sen_Figure5B. Show whole figure. Highlight ‘LZRS-SNAI2’ figure legend. 
6.3.3. 53280_Sen_Figure5B. Show whole figure. Highlight ‘50’ on the y-axis. 
6.4. Finally, this RT-qPCR analysis demonstrates that overexpression of SNAI2 [6.4.1-LM] results in loss of expression of differentiation-induced structural genes such as TGM1 and SPRR1A (pronounced as letters) [6.4.2-LM]. 
6.4.1. 53280_Sen_Figure5C. Highlight ‘LZRS-SNAI2’ figure legend. 
6.4.2. 53280_Sen_Figure5C. Highlight ‘TGM1’ and ‘SPRR1A’ on the x-axis in time with narration. 
7. Conclusion (said by authors on camera)
7.1. Jingting Li: Following this procedure, other methods like ChIP-Seq, immunofluorescence, RNA-Seq, or western blotting can be performed in order to determine the mechanisms of epidermal growth and differentiation.

7.2. George Sen: This technique paved the way for researchers in the field of dermatology to explore how altered gene function impacts skin homeostasis. 
7.3. George Sen: After watching this video, you should have a good understanding of how to generate genetically modified organotypic human skin cultures using keratinocytes and devitalized human dermis.
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.
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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