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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include software usage? (Y/N) 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.)

Steps 2.4; 2.8; 4.2; 4.3; 5.2; and 6.3
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.)
Step 6.3. To ensure success the droplets are added first, and near instantaneously warm media is added on top of droplets and the solution is directly stirred. When the droplets are removed from the conical tube ice can form within seconds if they are not rapidly rewarmed. If the droplets are added to warm media (instead of warm media on top of the droplets) the droplets float and to not warm fast enough to prevent ice formation. 
5. Will the filming need to take place in multiple locations? (Y/N) N


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. [bookmark: _GoBack]Reinier de Vries: Vitrification is typically hampered by Cryoprotective Agents-toxicity and restricted to small samples that can be cooled fast. This protocol enables vitrification of large cell quantities while using a low CPA concentration during pre-incubation [1]. 
1.1.1. Interview


1.2. [bookmark: _Hlk13476242]Reinier de Vries: Using rapid osmotic dehydration, the low intracellular CPA is concentrated in a fluidic devise directly ahead of vitrification. This eliminates the need of fully equilibrating toxic CPA concentrations [1]. 
1.2.1. Interview

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



1.3. Shannon Tessier: Bulk droplet vitrification may provide viable and metabolically active hepatocytes for use in hepatocyte transplantation and bioartificial liver devices which are currently hindered by inadequate outcomes after cryopreservation [1]. 
1.3.1. Interview


1.4. Shannon Tessier: This method may potentially be adapted for vitrification of other cell types that need to be cryopreserved in large quantities, such as blood products or stem cells among others [1].
1.4.1.  Interview












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

1.5. The primary hepatocyte isolations for this protocol were performed by the Cell Resource Core (CRC) at Massachusetts General Hospital, Boston, Massachusetts, USA. The animal protocol (#2011N000111) was approved by the Institutional Animal Care and Use Committee (IACUC) of Massachusetts General Hospital.


Section - Protocol
2. Vitrification Solutions and Apparatus Preparation
2.1. To begin, make vitrification solution 1 by adding 40 milligrams of BSA to 17.0 milliliters of University of Wisconsin solution [1-TXT]. Use a 0.22-micrometer filter to sterile filter the solution and store at 4 °C [2].
2.1.1. WIDE: Establishing shot: Talent adding solutions. TEXT: Vitrification solution 1:V1; University of Wisconsin solution: UW
2.1.2. Talent filtering the solution.
2.2. Make vitrification solution 2 as described in the protocol and sterile filter it through a 0.22-micrometer filter [1]. Load 3.5 milliliters of sterile filtered V2 solution in a 3 milliliters syringe and store at 4 °C [2].
2.2.1. Talent filtering the solution. TEXT: Vitrification solution 2: V2; For all solutions see protocol.
2.2.2. Talent loading V2 solution in a syringe.
2.3. To prepare the bulk droplet vitrification apparatus, first cut along one side of the mixing needle’s outer gray sleeve [1]. Bend the sleeve open to remove it from the mixing needle [2]. 
2.3.1. ECU/CU: Talent cutting along one side of the needle’s sleeve.
2.3.2. ECU/CU: Talent bending the sleeve open.
2.4. Then cut the mixing needle to a length of 20 millimeters [1] and insert its cutoff outlet into a 20-gauge injection needle [2]. Slide two 25-millimeter silicone tubing sections over the inlets of the mixing needle [3] and secure their position with glue [4]. Sterilize this assembly by autoclaving [5].
Videographer, video-editor – authors indicated these steps as important!
2.4.1. Talent cutting the mixing needle.
2.4.2. Talent inserting the cutoff outlet of the mixing needle into a 20 G injection needle.
2.4.3. Talent sliding two 25-mm silicone tubing sections over the inlets of the mixing needle.
2.4.4. Talent gluing the tubing.
2.4.5. Talent sterilizing the assembly.
2.5. Fill a sterile Dewar flask with liquid nitrogen and sterilize the outside with isopropanol [1], before placing it in a sterile laminar flow cell culture hood [2]. 
2.5.1. Talent filling a sterile Dewar flask with liquid nitrogen and wiping it with isopropanol.
2.5.2. Talent placing the flask in the hood.
2.6. Reinier de Vries: Make sure to wear appropriate personal protective equipment as liquid nitrogen can cause serious burns [1].
2.6.1. Interview
2.7. To create the droplet collection device, insert a funnel with the same outer diameter as the inner diameter of the Dewar into a 50 milliliters conical tube [1]. 
2.7.1. Talent insert a funnel into a 50 milliliters conical tube.
2.8. Using large forceps, slowly press the droplet collection device down in the liquid nitrogen in its final vertical position [1]. Make sure that the conical tube rests in a vertical position at the bottom of the Dewar [2].
Videographer, video-editor – authors indicated these steps as important!
2.8.1. Talent pressing the droplet collection device down in the liquid nitrogen with large forceps. 
2.8.2. Shot of the funnel inlet. Videographer: this will create lots of liquid nitrogen vapor which may obstruct the view!
2.9. To mount a syringe pump in a vertical position on the wall of the cell culture hood, tie a string from the syringe pump’s feet to screws protruding from the cell culture hood wall [1]. 
2.9.1. Talent tying a string from the syringe pump’s feet to screws protruding from the cell culture hood wall, mounting it on the wall.
2.10. Then place the liquid nitrogen Dewar with the droplet collection device under the vertically mounted syringe pump [1].
2.10.1. Talent placing the Dewar with the droplet collection device under the pump.
3. Hepatocyte Pre-incubation with Cryoprotective Agents (CPAs)
3.1. After obtaining freshly isolated rat hepatocytes, count the stock concentration by Trypan blue exclusion [1] and transfer 40 million viable hepatocytes into a 50-milliliter conical tube [2]. Centrifuge the hepatocytes at 50 x g for 5 minutes without brake [3]. 
3.1.1. Talent counting hepatocytes.
3.1.2. Talent transferring hepatocytes into 50 ml conical tube.
3.1.3. Talent placing the tube in the centrifuge.
3.2. Aspirate the supernatant [1], resuspend the hepatocytes in 3.4 milliliters of V1 solution and incubate on ice for 3 minutes [2]. Then add 150 microliters of DMSO and 150 microliters of EG, mix gently and incubate on ice again for 3 minutes [3].
3.2.1. Talent aspirating the supernatant
3.2.2. Talent adding V1 solution and resuspending
3.2.3. Talent taking the tube from the ice and starts adding DMSO, EG and mixing.
3.3. Add 150 microliters of DMSO and 150 microliters of EG to the hepatocytes again and mix gently [1]. Load 3.5 milliliters of this mixture in a 3 milliliters syringe [2].
3.3.1. Talent starts adding DMSO, EG and starts mixing.
3.3.2. Talent loading in a syringe.

4. Bulk Droplet Vitrification 
4.1. Insert the syringe with pre-incubated hepatocytes and the syringe with V2 solution onto the syringe pump adapter [1]. 
4.1.1. Talent inserting 2 syringes onto the adapter.
4.2. Attach two female Luer lock hose barb adaptors to the syringes [1] and slide the silicone tubing of the mixing needle assembly over the barb fittings [2]. Place this entire assembly in the syringe pump [3]. 
Videographer, video-editor – authors indicated these steps as important!
4.2.1. Talent attaching two female Luer lock hose barb adaptors to the syringes.
4.2.2. Talent sliding the silicone tubing of the mixing needle assembly over the barb fittings.
4.2.3. Then talent placing this entire assembly in the syringe pump.
4.3. Three min after the last addition of DMSO and EG to the hepatocytes, start the pump [1] at 2 milliliters per minute [2]. After all hepatocytes have been added to the liquid nitrogen [3] stop the pump [4].
Videographer, video-editor – authors indicated these steps as important!
4.3.1. Talent starting the pump 
4.3.2. Shot of hepatocytes dripping from the mixing needle assembly needle into the liquid nitrogen. 
4.3.3. Shot of the liquid nitrogen after all hepatocytes have been added.
4.3.4. Talent stopping the pump.

5. Cryogenic Storage
5.1. Using a 20 G needle, puncture 10 small holes in the lid of a 50 milliliters conical tube [1] and wrap the outside of the lid with a flexible film, creating a valve that will enable the escape of evaporating leftover liquid nitrogen [2].
5.1.1. Talent puncturing holes in the lid.
5.1.2. Talent wrapping the outside of the lid with a flexible film.
5.2. To collect the vitrified hepatocyte droplets, first remove the funnel from the Dewar with liquid nitrogen [1]. Next, with long forceps, take out the conical tube that contains the droplets from the liquid nitrogen [2] and slowly pour out the excess liquid nitrogen from the conical tube [3] [4].
Videographer, video-editor – authors indicated these steps as important!
5.2.1. Talent removing the funnel from the Dewar.
5.2.2. Talent using long forceps to take out the conical tube that contains the droplets from the liquid nitrogen.
5.2.3. Talent pouring out the excess liquid nitrogen from the conical tube
5.2.4. ECU of the vitrified droplets. Video-editor use this shot as best suitable, after 5.2.3, or as an inset during 5.2.3.
5.3. Close the conical tube with the punctured lid and then directly place the closed conical tube with vitrified hepatocyte droplets back in the Dewar with liquid nitrogen [1]. Finally, transfer the conical tube from the liquid nitrogen into a liquid nitrogen cryotank [2].
5.3.1. Talent closing the tube and placing it back in the Dewar.
5.3.2. Talent transferring the conical tube from the liquid nitrogen into a liquid nitrogen cryotank.
6. Rewarming of the Vitrified Hepatocyte Droplets
6.1. After making the rewarming solution with sucrose in DMEM hepatocyte culture media, use a 0.22 micrometer filter to sterile filter it, then warm it to 37 °C [1].
6.1.1. Talent passing the solution through the filter and placing it in a warm water bath for warming.
6.2. To rewarm the hepatocytes, remove the conical tube with vitrified hepatocytes from the cryo-tank and transport it in a liquid nitrogen Dewar to the cell culture hood [1]. Lightly loosen the cap and place the conical tube back in the liquid nitrogen [2].
6.2.1. Talent taking the tube out of Dewar.
6.2.2. Talent loosening the cap and placing the conical tube back in the liquid nitrogen.
6.3. Working quickly, add all the vitrified hepatocyte droplets to an empty beaker, then quickly add 100 milliliters 37 °C-warm rewarming solution while stirring for 10 seconds [1]. 
6.3.1. CU/ECU: Talent adding the vitrified hepatocyte droplets and then 37 °C-warm rewarming solution, stirring. Videographer please pay attention here, because the step is critical and can only be shot once and it happens quickly! Thanks! Video-editor, this is a critical step!
6.4. Reinier de Vries: When the droplets are removed from the liquid nitrogen injurious freezing occurs within seconds if the droplets are not rapidly rewarmed. Therefore, it is critical to directly add the rewarming-media to the droplets while stirring [1].
6.4.1. Interview
6.5. Divide the rewarming solution with hepatocytes into two 50 milliliters conical tubes [1] and centrifuge the tubes for 2 min at 100 x g at 4 °C without brake [2].
6.5.1. Talent dividing rewarming solution with hepatocytes into two tubes.
6.5.2. Talent placing the tubes in the centrifuge.
6.6. Aspirate the supernatant to leave a total volume of 12.5 milliliters using the tube’s graduation mark as a reference [1]. To dilute the rewarming solution to 50%, add 12.5 milliliters of ice cold DMEM per conical tube [2]. Resuspend and incubate on ice for 3 min [3].
6.6.1. Talent aspirating the supernatant.
6.6.2. Talent adding DMEM.
6.6.3. Talent resuspending and placing the tubes on ice.
6.7. To dilute the rewarming solution to 25%, add 25 milliliters of ice cold DMEM per conical tube [1]. After centrifuging for 5 min at 50 x g at 4 °C without brake, aspirate the supernatant [2] and resuspend the hepatocytes [3] in 2 milliliters of the desired culture medium [4].
6.7.1. Talent adding DMEM.
6.7.2. Talent aspirating the supernatant. 
6.7.3. ECU of the cell pellet.
6.7.4. Talent adding medium and resuspending.






Section – Results
7. Results: Comparison of Bulk Droplet Vitrification to Classic Cryopreservation
7.1. When measured by Trypan blue exclusion testing, which determines membrane integrity [1], bulk droplet vitrification resulted in a direct post preservation hepatocyte viability of 79% [2]. This was significantly higher than the 68% viability after classic optimized cryopreservation [2].
7.1.1. Figure 2A 
7.1.2. Figure 2A Video editor emphasize the purple rectangle in the graph.
7.1.3. Figure 2A Video editor emphasize the blue rectangle in the graph.
7.2. The yield of bulk droplet vitrification was 56% [1], which was 10% higher and more consistent than classic cryopreservation [2]. 
7.2.1. Figure 2B Video editor emphasize the purple rectangle in the graph.
7.2.2. Figure 2B Video editor emphasize the blue rectangle in the graph.
7.3. Using a Presto Blue metabolization essay in long-term collagen sandwich cultures metabolic activity of hepatocytes was measured [1] to be significantly higher after bulk droplet vitrification [2] than after classical cryopreservation [3]. 
7.3.1. Figure 3A 
7.3.2. Figure 3A Video editor emphasize the purple rectangles in the graph.
7.3.3. Figure 3A Video editor emphasize the blue rectangles in the graph.
7.4. Albumin synthesis, as the most widely used parameter of synthetic function of hepatocytes [1], was greater by nearly two-fold after bulk droplet vitrification [2] than after classic cryopreservation [3].
7.4.1. Figure 3A 
7.4.2. Figure 3A Video editor emphasize the purple rectangles in the graph.
7.4.3. Figure 3A Video editor emphasize the blue rectangles in the graph.
7.5. Urea production was used to measure hepatocyte detoxification function in a one-week culture [1]. In bulk droplet vitrified hepatocytes, the urea production of was significantly higher [2] than that in classic cryopreserved hepatocytes [3].
7.5.1. Figure 3B
7.5.2. Figure 3B Video editor emphasize the purple rectangles in the graph.
7.5.3. Figure 3B Video editor emphasize the blue rectangles in the graph.



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Reinier de Vries: For consistent results after bulk droplet vitrification, it is important to exactly follow the timing [1] during CPA incubation and rewarming, as detailed in this protocol [2]. 
8.1.1. Interview.
8.1.2. Use 3.6.1.
8.2. Reinier de Vries: After rewarming the vitrified hepatocyte droplets, you will end up with hepatocytes in suspension which therefore can be used in all the same ways as if they were freshly isolated [1]. 
8.2.1. Interview
8.3. Reinier de Vries: As an improved preservation method, bulk droplet vitrification may increase the availability of primary hepatocytes for research and clinical applications [1].
8.3.1. Interview


Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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