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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?  Yes  
If Yes, can you record movies/images using your own microscope camera?
Yes  

Authors: If you are able to record the SCOPE shots, kindly upload these to the project page as soon as possible: https://review.jove.com/files_upload.php?src=19670413.

If you are unable to record the videos/images with your microscope camera, JoVE will need to use our scope kit. Videographer: Please check with the authors if the scope shots need to be recorded with the scope kit. If yes, kindly record them.
Authors: If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye (image attached).

[image: ]

Microscope details: Moticam X5 Plus, attached to the additional ocular pair of the microscope	Comment by Breuer Eva: We did not manage to get this camera running. We have now used a better camera from Olympus to record the SCOPE-shots.

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?   Yes
If Yes, how far apart are the locations? Approximately 200m, walking distance


Current Protocol Length

Number of Steps: 28
Number of Shots: 55 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED:   
1.1. Eva Breuer: The overall goal of this protocol is to present an optimized method for hepatocyte isolation in mice after partial hepatectomy, without the need for density-gradient centrifugation. 
1.1.1. [bookmark: _Hlk108186978]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 6.2.1.

1.2. Eva Breuer: We usually see a large percentage of lipid-laden hepatocytes during early regeneration. Those steatotic hepatocytes, usually lost upon density-gradient centrifugation due to their low density, are retained with this protocol.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 9E and 9F.

Ethics Title Card
1.3. Procedures involving animal subjects have been approved by the Veterinary Office of Zurich.

Protocol
2. Preparation of Perfusion Equipment and Animal Surgery
2.1. To prepare the perfusion equipment [1], connect a 26-gauge IV (eye-we) cannula to the outlet end of the tubing using a Luer lock connector [2]. 
2.1.1. WIDE: Talent placing the equipment on the workbench.
2.1.2. Talent connecting the 26 G IV cannula to the outlet end of the tubing.

2.2. Then, flush the tubing  [1-TXT] and insert the inlet end of the tube into the prewarmed perfusion buffer tube in the water bath [2]. Prime it with warm perfusion buffer at a pump speed of 3 milliliters per minute [3].
2.2.1. Tubing being flushed. TXT: Flushing: 1) 70% ethanol; 2) 50 mL NaCl (0.9%)
2.2.2. Inlet end of the tube being inserted into the prewarmed perfusion buffer tube in the water bath.
2.2.3. Talent setting the pump speed to 3 mL/min.

2.3. Before proceeding with the surgery, ensure that the mouse is adequately anesthetized [1-TXT], then clean the abdomen with 70 percent ethanol [2]. 
2.3.1. Talent pinching the foot pad to confirm anesthesia depth. TXT: See text for anesthesia and analgesia regime 
2.3.2. Mouse's abdomen being cleaned with ethanol.

2.4. Then, cut the sutures to re-open the midline incision previously made for the partial hepatectomy [1-TXT], and gently pull the wound edges apart. If the hepatectomy is older than 24 to 48 hours, remove the suture and cut the skin with scissors [2]. 
2.4.1. Talent cutting the sutures and. TXT: See text for partial hepatectomy
2.4.2. Wound edges apart being pulled apart.

2.5. Fix a 5-0 polypropylene suture to the sternum, pull it cranially, and fix it in this position [1]. Use a retractor or simple clips to keep the abdomen open. The abdominal cavity should be exposed as much as possible to optimize access and visualization [2]. 
2.5.1. Sutures being pulled cranially.
2.5.2. Retractors being placed to expose the abdominal cavity.

2.6. Move the intestines to the right using sterile cotton swabs [1] to reveal the portal vein and the vena cava [2]. Use a wet cloth to retain the intestines [3]. 
2.6.1. SCOPE: Intestines being moved to the right. Videographer: Please check with the authors if the scope shots need to be recorded with the scope kit. If yes, kindly record them. 
2.6.2. SCOPE: Talent pointing at the portal vein and vena cava using the tip of the cotton swab.	Comment by Breuer Eva: In the shots, the tip of the forceps is used.
2.6.3. Wet cloth being used to retain the intestines.

Authors: If you can record the SCOPE shots using your microscope camera, kindly upload these to the project page as soon as possible: https://review.jove.com/files_upload.php?src=19670413. If not, please ask the videographer to film them.

2.7. Place a heavy object of approximately 2-centimeter height, such as a metal weight ring, adjacent to the mouse's hind legs [1]. Then, place the tubing with the connected 26-gauge IV cannula on the object [2] and position the needle carefully on top of the vena cava. Adjust the length of the tubing as required [3].
2.7.1. Talent placing a heavy object adjacent to the mouse's hind legs.
2.7.2. Tubing being placed on the object.
2.7.3. Needle being positioned on top of the vena cava.

2.8. Transfer the collagenase stock solution into the prewarmed digestion buffer tube. Prepare 10 to 20 milliliters of digestion buffer per animal [1-TXT].
2.8.1. Talent transferring the collagenase stock solution into the prewarmed digestion buffer tube. TXT: 250 µL stock solution to 10 mL digestion buffer
3. Cannulation and Perfusion
3.1. Turn on the pump after adjusting the pump speed to 3 milliliters per minute [1]. Discard the first 2 to 3 milliliters of the prewarmed perfusion buffer once the buffer reaches the needle [2].
3.1.1. Talent switching on the pump.
3.1.2. Buffer reaching the needle and talent discarding the first 2-3mL of the perfusion buffer. Videographer: If possible, please include a close shot of the buffer reaching the needle.

3.2. To perform cannulation of the inferior vena cava, use a sterile cotton swab to gently pull the vena cava caudally below the puncture so that the provided tension facilitates the insertion of the cannula into the vein [1]. Videographer: this step is important!
3.2.1. SCOPE: Talent pulling the vena cava caudally. 	Comment by Breuer Eva: This step is mostly done in parallel with step 3.3.1.  the needle is inserted, while the vena cava is pulled caudally. In one of the two provided SCOPE videos it is easier visible.
3.3. Insert the 26-gauge IV cannula at a shallow angle into the inferior vena cava below the kidney while the buffer runs through the needle. Ensure that the needle bevel points upward [1]. Look for blood in the flash chamber of the catheter when the needle enters the lumen [2].
3.3.1. SCOPE: Talent inserting the 26-G IV cannula into the inferior vena cava.
3.3.2. Needle being moved into the lumen and blood flowing into the flash chamber of the catheter.

3.4. Advance the needle an additional 2 to 3 millimeters to ensure that the catheter's tip enters the vein [1]. Slide the plastic catheter over the needle and into the vena cava another 5 millimeters [2]. Remove the needle slowly and very carefully [3]. 
3.4.1. SCOPE: Catheter entering the tip of the vein.	Comment by Breuer Eva: This step is hardly visible, as most of the times, the cather is already at the right place, when the needle tip is inserted. Maybe remove this separate step?
3.4.2. SCOPE: Plastic catheter being slid into the vena cava.
3.4.3. SCOPE: Needle being removed slowly.

3.5. After 2 to 3 seconds, look for white spots forming in the liver or swelling of the portal vein, which indicates that the perfusion buffer is flowing through the liver and entering the liver lobules from the central vein [1]. Wait for the portal vein to visibly swell within 1 to 2 seconds of white spots forming on the liver surface [2]. Videographer: this step is important!
3.5.1. SCOPE: White spots being formed on the liver. 
3.5.2. SCOPE: Portal vein swelling being visualized.
	Comment by Breuer Eva: Maybe an arrow on the portal vein to indicate ist location? Otherwise it might be overseen.
3.6. Cut the portal vein with scissors as distally as possible from the liver hilus [1]. Increase the flow rate to 4 to 7 milliliters per minute depending on the animal's weight, liver size, and the extent of the initial hepatectomy [2].
3.6.1. SCOPE: Portal vein being cut.
3.6.2. Talent increasing the flow rate. 

3.7. Clamp the portal vein with tweezers or a vascular clamp for 7 to 10 seconds. Make sure no fluid is passing through [1]. Perform a second clamp after approximately 30 seconds and ensure that the liver swells and relaxes [2]. 
3.7.1. SCOPE: Portal vein being clamped.
3.7.2. SCOPE: Liver swelling and relaxing after the portal vein is clamped.
	Comment by Breuer Eva: This swelling and relaxing is very subtle and even in the SCOPE-shots not always clearly visible. The right anterior lobe (the liver lobe in front) moves slightly anteriorly and back upon release of the clamp.
3.8. Continue flushing the animal for 3 to 4 minutes and observe the clear buffer flowing out of the portal vein [1].
3.8.1. Color of the buffer clearing up. 
	Comment by Breuer Eva: In movie Nr. 39 a little trail of blood can be seen, coming directly out of the portal vein, where the vein is cut. Maybe indicate this with an arrow?
4. Digestion 
4.1. Clamp the portal vein for 3 to 4 seconds before the digestion buffer reaches the liver [1]. Ensure that the liver relaxes upon release of the clamp and that the perfusion fluid remains clear [2].
4.1.1. SCOPE: Portal vein clamped. 
4.1.2. Talent pointing at the liver with forceps to show relaxation. 
	Comment by Breuer Eva: In the actual SCOPE shots, I do not point at the liver, as the moving is really subtle. Maybe an arrow pointing to the right anterior lobe could be added?
4.2. Once the digestion buffer reaches the liver, clamp the portal vein once again. The liver should not relax after the release of the clamping [1]. 
4.2.1. Digestion buffer reaching the liver and clamp removed with no signs of liver relaxation. 

4.3. Digest for approximately 4 minutes at a flow rate of 5 milliliters per minute [1]. As digestion progresses, look for signs of the liver beginning to swell and small transparent sections on the surface of the liver [2]. 
4.3.1. Talent setting the flow rate to 5 mL/min.
4.3.2. SCOPE: Talent pointing at the transparent sections on the surface of the liver using a forcep.	Comment by Breuer Eva: In the shot I used a cotton swab.
4.4. Observe that the liver takes on the texture of a wet piece of cloth and appears almost soggy. Probe the consistency by carefully touching it with a damp, sterile cotton swab [1]. 
4.4.1. SCOPE: Talent probing the liver consistency with a damp cotton swab.

4.5. Continue with the perfusion until a marked difference in the surface texture of the liver can be observed. Observe that the liver assumes a very light color and a bubbly appearance, indicating the Glisson’s capsule separating from the parenchyma [1]. Videographer: this step is important!
4.5.1. SCOPE: Light-colored and bubbly liver. Authors: If you intend to provide photos for distinguishing a normal liver from a perfused liver in addition to the microscope video, please upload it to the project page and let us know so we can add it here.	Comment by Breuer Eva: I provided two stills from the SCOPE shot, where the difference (before vs. after digestion) can be seen.

4.6. Stop digestion as soon as the liver has acquired these properties [1-TXT]. Remove the needle before the air gets into the liver [2].
4.6.1. Digestion being stopped. TXT: Over-digestion damages the hepatocytes
4.6.2. Talent removing the needle. 

5. Preparation of the Liver

5.1. Grasp the central connective tissue between the lobes using forceps and slightly lift it upward, using it as an anchor point [1]. Cut all the connections of the liver to other organs and remove the gall bladder [2].  Videographer: this step is important!
5.1.1. Central connective tissue being grasped and lifted.
5.1.2. Talent cutting the attached tissues and gall bladder.
5.2. Remove the liver gently from the abdominal cavity. Be careful, as it will be flimsy and fragile at this stage [1]. Place the liver in the ice-cold preservation buffer [2]. Videographer: this step is important!
5.2.1. Liver being removed from the abdominal cavity.
5.2.2. Liver being placed in the ice-cold preservation buffer. 

6. Hepatocyte Extraction and Isolation
6.1. Transfer the liver to a 10-centimeter Petri dish and add 10 milliliters of ice-cold Williams' Medium E [1]. 
6.1.1. Talent adding ice-cold Williams' Medium E to the liver.

6.2. Rupture the Glisson's capsule with fine-tip tweezers in a few locations along the liver surface. Grasp a central part with two pairs of tweezers, slowly pull them apart, allowing the capsule to tear without damaging the hepatocytes [1], and release the cells by gently shaking the capsule [2]. Videographer: this step is important!
6.2.1. Talent grasping the central part of the Glisson's capsule and pulling it apart.
6.2.2. Talent shaking the capsule to release the cells.

6.3. Filter 5 milliliters of liver pulp through a 100-micrometer cell strainer into a 50-milliliter tube [1]. Rinse the filter with 10 milliliters of fresh ice-cold medium and filter the remaining 5 milliliters of pulp through the cell strainer [2]. 
6.3.1. Talent adding the liver pulp to the cell strainer.
6.3.2. Fresh ice-cold medium being added to the pulp. 

6.4. Spin the extract at 50 g for 5 minutes at 4 degrees Celsius [1]. Aspirate most of the supernatant [2], leaving 1 milliliter to resuspend the cells by gently swirling the tube. [3]. Add 40 milliliters of cold Williams’ E medium and repeat this step 3 times. Proceed with the isolation of hepatocytes as described in the text manuscript [4]. 
6.4.1. Talent placing the samples in the centrifuge.
6.4.2. Supernatant being aspirated.
6.4.3. Cells being resuspended by gentle swirling.
6.4.4. Williams’ E medium being added to the cell suspension. 




Results
7. Results: A Reliable and Straightforward Method for Isolating High Yield Normal and Steatotic Murine Hepatocytes 
7.1. After 70 percent hepatectomy in mice, the final hepatocyte yield was approximately 10 to 15 × 106 with 78 percent mean final viability [1]. While after extended 86 percent hepatectomy, the hepatocyte yield was 4 to 9 × 106 with 65 percent mean viability [2]. 
7.1.1. LAB MEDIA: Figures 6A and 6C. Video editor: Emphasize the columns corresponding to "70% sHX".
7.1.2. LAB MEDIA: Figures 6A and 6C. Video editor: Emphasize the columns corresponding to "86% eHX".
7.2. After partial hepatectomies, hepatocytes show an increased cell size compared to normal livers, corresponding to increased lipid content [1].
7.2.1. LAB MEDIA: Figure 6B. Video editor: Emphasize the columns corresponding to "70% sHX" and "86% eHX.
7.3. Increased lipid content was observed in murine hepatocytes 24 hours after partial hepatectomy, seen as an increase in granularity [1] or directly observed by the presence of lipid vesicles inside enlarged hepatocytes [2].
7.3.1. LAB MEDIA: Figure 7. Video editor: Emphasize the plots corresponding to "70% sHX" and "86% eHX in A and C.
7.3.2. LAB MEDIA: Figures 8B, 8C and 8D. Video editor: Emphasize C and D.
7.4. While using the classic density-gradient purification method, large fatty hepatocytes were lost in the supernatant [1], and only smaller, lean hepatocytes are collected in the cell pellet [2]. With the improved protocol, the lipid-filled hepatocytes were not lost and all hepatocytes were pelleted [3].
7.4.1. LAB MEDIA: Figure 9B and 9C. Video editor: Emphasize B.	Comment by Shalini Vasan: Authors: Schematics and protocol images are not recommended in the results section. Hence, we have excluded images 9A and 9D. However, we have added notes for the video editor to emphasize which image is the supernatant and pellet, respectively. Also, the viewers will have access to the manuscript. Hence, they can refer to figure 9 as a whole.
7.4.2. LAB MEDIA: Figure 9B and 9C. Video editor: Emphasize C.
7.4.3. LAB MEDIA: Figure 9E and 9F. Video editor: Emphasize F.


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Eva Breuer: The repetitive clamping facilitates the flushing process. With that, the liver is optimally cleared from remaining blood components, that could inhibit the digestion enzymes.
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.7.1. or 3.8.1.
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