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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y 	
We can obtain images from the microscope camera, but not movies
2. Does your protocol include software usage? N
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.)
2.3, 2.4, 3.3, 3.4, 3.6, 4.3
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.)
4.3 – Be careful that the cell suspension does not overflow. It might be necessary to pipette cells in different places of the ECM to ensure the cells embed in the matrix
5. Will the filming need to take place in multiple locations? N
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. Carmen Flesher: Our protocol demonstrates that the ECM may promote adipogeneic differentiation in the absence of classic adipogenic mediators and is the first to demonstrate disease-specific regulation of cellular metabolism by the ECM.

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

1.2. Carmen Flesher: Our technique provides a tool for dissecting the roles of the ECM and adipocytes in adipose tissue metabolism and permits study of the role of the ECM in regulating adipose tissue homeostasis.

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


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

1.3. Carmen Flesher: Compared with standard 2D cell culture, our 3D model allows for more robust examination and dissection of crosstalk between adipocytes and adipose tissue ECM in the context of Type 2 diabetes.

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

1.4. Carmen Flesher: We recommend beginning with smaller samples to gauge how well they decellularize. Keep in mind there is inter-patient variability in how well the cells grow and how well the tissue decellularizes. 

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

1.5. Carmen Flesher: It is important to observe the tissue before and after each step to ensure the tissue is becoming decellularized and to understand potential differences between samples.

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




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

1.6. Adipose tissues are procured from human subjects undergoing elective bariatric surgery under institutional review board approval at University of Michigan Medical School.

Section - Protocol
2. Adipose Tissue Procurement and Preadipocyte Isolation 
2.1. After obtaining visceral adipose tissue, or VAT (pronounce ‘V-A-T’), from surgery [1], prepare it for storage by adding 5 to 10 grams of the tissue to 15 to 25 milliliters of Freezing Buffer Solution in a 50-milliliter conical tube [2]. Completely immerse the sample [3] and store it at -80 °C until decellularization [4-TXT]. 
2.1.1. WIDE: Establishing shot of talent walking to the flow hood with the tissue sample in hand. 
2.1.2. Talent adding tissue to the Freezing Buffer Solution.
2.1.3. Completely immersed tissue sample.
2.1.4. Talent putting the tube in the freezer. TEXT: Store tissue for up to 1 month Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.2. For preadipocyte isolation, place 2 grams of a fresh sample of intact VAT in 20 milliliters of collagenase type 2 solution [1], then insert sterile scissors into the tube and thoroughly mince the tissue [2]. Once minced to a fine slurry, incubate it in the collagenase solution at 37 °C on an orbital shaker for 60 minutes [3-TXT]. 
2.2.1. Talent placing VAT in the collagenase solution. 
2.2.2. Talent inserting scissors into the tube and mincing tissue. 
2.2.3. Talent putting the tube on an orbital shaker in the incubator, starting it, and closing the incubator door. TEXT: 130 rpm  
2.3. After the incubation, filter the resultant digestate through a 100-micrometer nylon mesh into a fresh 50-milliliter conical tube [1]. The digestate should be a yellow-orange liquid with moderate viscosity and a small amount of residual strands of undigested tissue [2]. Videographer: This step is important!
2.3.1. Talent filtering the digestate. 
2.3.2. Tube with filtered digestate. 

2.4. Centrifuge the sample at 270 x g for 10 minutes [1], remove the supernatant, and resuspend the cell pellet in 2 milliliters of 1 X RBC lysing solution with a pipette [2]. Incubate the solution for 1 minute at 25 °C, then add 10 milliliters of 15% FBS-DMEM-F12 [3] and centrifuge it at 270 x g for 10 minutes [4]. Videographer: This step is important!

2.4.1. Talent putting the tube in the centrifuge, closing the lid, and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.4.2. Talent aspirating supernatant and resuspending the cell pellet. 
2.4.3. Talent adding the FBS-DMEM-F12 to the cells. 
2.4.4. [bookmark: _GoBack]Use 2.4.1. 

3. Adipose Tissue ECM Preparation 
3.1. To prepare the ECM, freeze-thaw the previously frozen VAT sample to 37 °C by incubating it in a preheated water bath for 20 minutes [1] with periodic gentle manual agitation [2]. Once thawed, transfer the tissue back to -80 °C for 20 minutes [3] and repeat the freeze-thaw process 3 times, ending with the thawing [4]. 
3.1.1. Talent putting the tube with the tissue in a water bath. 
3.1.2. Talent picking the tube up and agitating it. 
3.1.3. Use 2.1.4.
3.1.4. Tube in the water bath.
3.2. Use sterile forceps to transfer the VAT sample to a fresh 50-milliliter conical tube containing 15 to 25 milliliters of Enzymatic Solution number 1, making sure that the sample is fully immersed [1]. Then, incubate it overnight at 37 °C while shaking at 130 rpm [2]. 
3.2.1. Talent transferring the sample into enzymatic solution. 
3.2.2. Sample tube in the incubator while rotating. 
3.3. On the next day, wash the sample 3 times with 15 to 25 milliliters of Rinsing Buffer Solution [1-TXT], pouring off the solution after each wash [2]. Transfer the sample to a fresh, 50-milliliter tube with 15 to 25 milliliters of Enzymatic Solution Number 2 [3] and incubate it overnight [4]. Videographer: This step is important!
3.3.1. Talent putting the sample tube on a rotor in the incubator and closing the door. TEXT: 130 rpm; 37 °C; 20 minutes per wash 
3.3.2. Talent pouring off the rinsing solution. 
3.3.3. Talent transferring the sample
3.3.4. Talent putting the sample in the incubator.

3.4. Repeat the washes with the Rinsing Buffer Solution [1] and transfer the sample to a fresh tube containing 15 to 25 milliliters of Polar Solvent Extraction Solution [2-TXT]. Incubate the sample overnight while shaking [3]. Videographer: This step is important! 

3.4.1. Talent adding sample to the rinsing buffer. 
3.4.2. TEXT: CAUTION: Store and use polar solvent extraction solution at 25 °C 
3.4.3. Talent putting the sample in the incubator.
 
3.5. Carmen Flesher:  After incubation with Polar Solvent Solution, it is important to examine the sample for lipid removal. If most of the lipid is not removed, it may be necessary to repeat this step; shorter incubation time may be used.

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

3.6. After the incubation, transfer the sample to a fresh tube containing 15 to 25 milliliters of Rinsing Buffer Solution [1] and wash the sample 3 times on the shaker [2]. Then, wash the sample 3 times with 70% ethanol solution [3-TXT], pouring off the ethanol after each wash [4]. 

3.6.1. Talent transferring the sample to the Rinsing Buffer Solution. Videographer: Make sure to get a clear shot of the sample prior to the transfer into Rinsing Buffer. It is important to demonstrate what the sample looks like before and after it goes in the rinsing buffer. 
3.6.2. Sample tube in the incubator while rotating. Videographer: Make sure to get a clear shot of the sample here. 
3.6.3. Talent adding ethanol to sample, with the ethanol label visible in the shot. TEXT: Wash at 130 rpm; 37 °C; 20 minutes per wash
3.6.4. Talent pouring off the ethanol. 

3.7. Wash the sample once with storage solution [1], then use sterile forceps to transfer it to a fresh tube containing 15 to 25 milliliters of Storage Solution, making sure to fully immerse it [2]. The sample can then be stored at 4 °C for up to 1 month [3]. Videographer: This step is important!

3.7.1. Talent adding storage solution to sample. 
3.7.2. Talent transferring the sample to a fresh tube and fully immersing it. 
3.7.3. Talent putting the tube in the fridge. 
3.8. Carmen Flesher: The isopropanol and ethanol are flammable and must be at room temperature and disposed of in flammable waste. Any human waste must be disposed of separately from the usual biohazard waste.

3.8.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have talent look more directly at the camera because this is a warning statement. 

4. ECM-Adipocyte Preparation 
4.1. Transfer the stored ECM fragments to individual wells of a 24-well plate with sterile forceps, adding as many fragments as required for the planned downstream assays [1]. Wash them 3 times with 500 microliters of 70% ethanol on an orbital shaker [2-TXT], then rehydrate them by washing 3 times with PBS [4]. 
4.1.1. Talent putting a few ECM fragments into a few wells. 
4.1.2. Plate on a shaker in the incubator. TEXT: 130 rpm; 37 °C; 20 minutes per wash
4.1.3. Talent adding PBS to the wells. 
4.2. Use sterile scissors to cut the ECM into 100-milligram fragments [1]. Place each fragment into one well of a 24-well plate [2] and incubate the plate at 25 °C for 15 minutes to allow excess PBS to extrude from the fragments [3]. Then, carefully remove any leftover PBS from the wells with a pipette [4]. 
4.2.1. Talent cutting the ECM. 
4.2.2. Talent placing a few fragments into a few wells, 1 fragment per well. 
4.2.3. Plate incubating. 
4.2.4. Talent pipetting excess PBS. 
4.3. Seed each fragment with 20 microliters of preadipocyte cell suspension by pipetting the cells directly into the ECM. Place the pipette tip in the ECM and gently expel it into the center of the matrix, making sure that the cell suspension does not overflow and end up at the bottom of the well [1]. Videographer: This step is difficult and important!
4.3.1. Talent seeding the cells. 

4.4. If the cell suspension overflows from the ECM, remove the pipette tip from that location and insert it elsewhere in the ECM [1]. After cell seeding, incubate the ECM for 40 minutes at 37 °C [2]. 

4.4.1. ECU: Talent moving the pipette tip from one location in the ECM to another. 
4.4.2. Talent putting the plate in the incubator. 

4.5. Fill each well with 500 microliters of growth media to cover the seeded ECM fragments [1]. Culture the cells at 37 °C and 5% carbon dioxide for 72 hours [2]. 

4.5.1. Talent filling a few wells with growth media. 
4.5.2. Talent putting the plate in the incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

4.6. After 72 hours, carefully aspirate the growth media without disturbing the ECM fragment [1]. Add 500 microliters of differentiation media [2] and culture the cells for 14 days, changing the media every 2 to 3 days [3]. 

4.6.1. Talent aspirating the media. 
4.6.2. Talent adding differentiation media. 
4.6.3. Use 4.5.2.

4.7. Check for differentiation using light microscopy [1]. Cells will accumulate lipids, turn brown-yellow in color, and become more spherical as they differentiate [2]. 

4.7.1. Talent bringing the plate to the microscope. 
4.7.2. LAB MEDIA: Differentiated cells. Authors: Please upload a picture of the differentiated cells to your project page. NOTE: Doesn’t seem to be uploaded yet. 





Section – Results
5. Results: Genotypic and Phenotypic Characterization of In vitro Differentiated Adipocytes 
5.1. Preparation of adipose tissue ECM, seeding with preadipocytes, and in vitro differentiation into mature adipocytes was monitored with scanning electron microscopy [1], which revealed decellularization of ECM [2] and subsequent recapitulation of lipid-containing adipocytes upon reseeding and differentiation [3]. 
5.1.1. Figure 3. 
5.1.2. Figure 3. Video Editor: Emphasize the ‘decellularized adipose tissue’ images in the middle. 
5.1.3. Figure 3. Video Editor: Emphasize the ‘repopulated decellularized adipose tissue’ images on the right.  
5.2. Collagen 1-specific immunohistochemistry of decellularized ECM showed maintenance of collagen microarchitecture [1], while Oil Red-O staining of live and fixed 3D ECM-adipocyte constructs showed lipid-containing adipocytes [2].
5.2.1. Figure 4 A. Video Editor: Emphasize or only show the immunohistochemistry images. 
5.2.2. Figure 4 A. Video Editor: Emphasize or only show the Oil Red-O images.
5.3. The adipocytes differentiated in ECM were screened for adipogenic genes using quantitative real-time PCR, which demonstrated that these genes are upregulated in the differentiated cells relative to undifferentiated preadipocytes cultured in ECM. The fold difference in transcript levels is shown [1-TXT]. 
5.3.1. Figure 4 B. Video Editor: Add a text overlay to clarify the gene abbreviations. TEXT: ACLY = ATP citrate lyase; ATGL = adipose triglyceride lipase; FASN = fatty acid synthase; PPARg = peroxisome proliferative activated receptor‎ gamma

5.4. Four combinations of ECM and adipocytes from diabetic and non-diabetic subjects were subjected to metabolic phenotyping [1-TXT]. Impaired glucose uptake and lipolytic function was discovered in constructs from diabetic tissues [2]. 

5.4.1. Figure 4 C. TEXT: DM = diabetic; NDM = non-diabetic 
5.4.2. Figure 4 C. Video Editor: Emphasize the DM/DM and DM/NDM bars on both graphs. 

5.5. Importantly, it was found that non-diabetic ECM rescues insulin-stimulated glucose uptake and lipolytic capacity in diabetic adipocytes [1], while diabetic ECM impairs lipolytic capacity in non-diabetic adipocytes [2]. 

5.5.1. Figure 4 C. Video Editor: Emphasize the DM/DM and NDM/DM bars in both graphs. 
5.5.2. Figure 4 C. Video Editor: Emphasize the NDM/NDM and DM/NDM bars in both graphs. 





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

6.1. Carmen Flesher: Contamination of the isolated preadipocytes, the decellularized tissue, and the reseeded ECM is not uncommon. Sterility must be diligently maintained throughout the protocol.

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