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Title: Isolation of Human Hepatocytes by a Two-step Collagenase Perfusion Procedure
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to isolate human hepatocytes using a two-step collagenase perfusion procedure. (Intro)  This is accomplished by first cannulating the blood vessels in a piece of liver with irrigation cannulae. (P1)  This is followed by the perfusion and digestion of the liver piece using collagenase. (P2)  The third step is the removal of the Glisson’s capsule, which releases the dissociated liver cells. (P3)  The final step is a low speed centrifugation that isolates hepatocytes. (P4)  Ultimately, hepatocytes can be identified with phase contrast microscopy or by albumin staining using immunocytochemistry with viability and yield of hepatocytes determined using a trypan blue exclusion assay. (P5)
Video editor:

Using the provided graphic…

P1 – Begin with the meaty tissue and animate the bent wands fitting into the holes one at a time.

P2 – Just fade out the color of the tissue to the new tone.

P3 – animate the scalpel peeling off the piece as shown.  Next, introduce the conical tube, without the blue cap on, and have the chunklets of tissue ooze from the big tissue into the conical.  Then apply the cap.

P4 – remove the big meaty tissue and then animate the tube spinning around really quickly, like it would be in a centrifuge, use motion blur.  As is slows down it the graphic has changed to the one provided for P4.

P5- Here show a series of images from the results.  Begin with Fig3C (phase contrast) then fade to figsA (albumin staining) and the fig5A (viability) and finish with fig5B (yield).  5A and 5B could be shown together if thy fit well.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Wolfgang Thasler: Visual demonstration of this method is critical, as the cannulation and digestion steps are difficult to learn. This is because cannulation requires some finesse and the completion of digestion can be difficult to identify for persons new to the technique.   

1.2. Wolfgang Thasler: Demonstrating the procedure will be Natalja Löwen, a technician from my laboratory.  In this demonstration, we will use a piece of lamb liver in place of a piece from a human.

Protocol (read by voice talent at JoVE):

2. Preparation of Perfusion Equipment and Solutions 
2.1. Have the equipment for the perfusion of the liver piece set up as follows.

2.1.1. WID: talent arrives at bench to show the perfusion set up, pan over equipment

2.1.2. LAB MEDIA: Fig. 1. – this is backup, the video should show it better 

Video editor: all of figure 1 is hand drawn and nice to look at.  If time permits, show the figure here and make small graphics from the different parts (remove the white background) and be overlay them in a corner at the appropriate times, as indicated.
2.2. Set the water bath to an appropriate temperature, such that the solutions are 37 °C when they reach the liver piece.  41 °C is good for Solutions 1, 2 and 3 and for the jacketed glass condenser.  
2.2.1. MED: adjusting the water bath temperature

2.2.2. ECU>CU: thermometer on water bath showing the lab’s temperature (41 C), zoom out to show bottles 1 2 and 3 (labelled)

2.2.3. CU: water flowing through the jacketed glass condenser

2.3. Solution 4, however, should be at 37 °C to reduce the loss of collagenase activity.
2.3.1. CU: second water bath with solution 4 (labelled), talent turns bottle label to camera for action
2.4. Shortly before the perfusion, turn on the gas regulator (TEXT: 95% O2 / 5% CO2) for the oxygenation apparatus.

2.4.1. CU: talent opens the gas tank regulator

2.4.2. LAB MEDIA: Fig. 1E - backup
3. Perfusion of the Liver

3.1. From a pathologist, obtain a liver piece that, ideally, has a mostly or fully intact Glisson’s capsule and only one cut surface.
3.1.1. WID: talent arrives to bench carrying piece of liver in tray
3.1.2. CU: liver, talent points out Glisson’s capsule
3.2. Place this liver piece on the Büchner (pronounce: BEUSCH-ner) funnel that contains a perforated filter disc. 
3.2.1. MED: setting liver into funnel, show the disc inside as the liver is added (top view)
3.2.2. LAB MEDIA: Figure 1B – backup
3.3. The perfusion system must now be primed with Solution 1.
3.3.1. MED: talent hooks up solution 1 to the perfusion system then starts the pump and adjusts the pump speed
3.4. Using a low flow rate, insert curved irrigation cannulae with olive tips into the larger blood vessels on the cut surface of the liver piece.  As blood flushes out from the liver piece, in the liver tissue becomes lighter in areas with good perfusion.
3.4.1. CU: the first cannulae is positioned above a blood vessel 
3.4.2. ECU: inserting the cannulae into the blood vessel and liver getting lighter on the top surface.   

3.4.3 Use 3.14.1 MED: Blood draining out of the liver piece.  (Comment: there is an ECU take later showing blood draining out of the liver piece, but in my opinion, the MED shot is better).
3.5. The number of cannulae used varies for differently sized livers.  
3.5.1. MED: talent inserts the last required cannula into other blood vessels 
3.6. In general, 4 to 8 cannulae should be used for livers ranging from below 20 g to over 80 g.
3.6.1. LAB MEDIA: Figure 2a
3.7. Select the gauge of the cannulae to have a snug and secure fit. 

3.7.1. ECU: talent checks the fit of a cannulae in the vessel opening, should be snug 
3.8. Leave the smaller blood vessels open for the buffer to drain out from the tissue.
3.8.1. ECU: smaller blood vessels that have not been plugged with cannulae.  Can see solution draining from the cut face of the liver.
3.9. Now, increase the flow rate on the peristaltic pump to between 110 to 460 ml per minute.    It is a good perfusion if the liver piece is a lighter colour throughout.
3.9.1. CU: talent increasing the rate of the pump
3.9.2.  (shot deleted)
3.9.3. CU: liver, Indicate that colour of liver getting lighter
3.10. The flow rate used depends on the size of the liver with higher perfusion rates used for larger livers.   
3.10.1. LAB MEDIA: Figure 2B  
3.11. Generally speaking, an average perfusion speed of 44 ml per minute per cannula is ideal across a range of different liver weights. 
3.11.1. LAB MEDIA: Figure 2C
3.12. The chosen flow rate should result in a slight plumping up of the liver piece.
3.12.1. CU: liver getting/gotten larger (Use footage from 3.8.1.  Liver can be seen to get larger and start to “pump” in that step.
3.13. Keep the liver piece moist during the perfusion by covering it with a piece of gauze soaked in saline.
3.13.1. MED: soaking gauze in saline
3.13.2. CU: draping wet gauze over liver (above two shots could be reversed)
3.14. Perfuse the tissue with 1 L of Solution 1 to flush out any remaining blood in the liver piece.
3.15. After perfusing the tissue with 1 L of Solution 1 to flush out any remaining blood in the liver piece, change the perfusion fluid to Solution 2 and perfuse for 10 minutes.
3.15.1. MED: changing the perfusion solution from bottle 1 to bottle 2
3.15.2. CU: liver, with solution flowing out, not blood any longer
3.16. Thirdly, switch the perfusion fluid to Solution 3 and perfuse with a half-Litre.
3.16.1. CU: switching the line from solution 2 to solution 3, labels are all visible
3.17. Now, change the perfusion fluid to Solution 4, which contains collagenase.

3.17.1. MED: switching the line to solution 4, which is in the other water bath
3.18. Carry out this perfusion in a recirculating manner for 9 to 12 minutes or until the liver is sufficiently digested; the liver tissue should appear to break apart slightly under the Glissons’s capsule.
3.18.1. .  Attach flask to retort stand under the Büchner funnel for recirculation.
3.18.2. CU: lift gauze to show liver as solution 4 is pumped through it
3.18.3. ECU: zoomed in on liver to show tissue under Glisson’s capsule beginning to break up.  Indicated using forceps.
3.19. The liver should also feel softened when probed with the blunt side of a scalpel.
3.19.1. ECU: blunt end of scalpel probes the liver, show the softness of the liver
3.20. Wolfgang Thasler: It is important to digest the liver piece for the correct amount of time as over-digestion can lead to low viability of hepatocytes and under-digestion can lead to low yield of hepatocytes.
3.20.1. MED/WID: interview style shot of Wolfgang with perfusion of liver in background if location is not too noisy, pump may need to be off, otherwise move elsewhere to get the shot
4. Isolation of Hepatocytes

4.1. Begin by turning off the peristaltic pump and removing cannulae from the liver piece.
4.1.1. WID: talent at pump/perfusion system.  Turns off pump 
4.1.2. MED: removes cannulae from liver
4.2. Then, place the tissue in a crystallising dish containing 100 to 200 ml of Solution 5.
4.2.1. MED: moving liver into dish of solution
4.3. Remove the Glisson’s capsule carefully and gently shake out the cells.
4.3.1. CU: peeling/removing the Glisson’s capsule and shaking out the cells from the liver
4.4. If there are regions that are not well perfused, a scalpel can be used to cut through these regions to release cells contained within.
4.4.1. CU: scalpel applied to liver to release more cells
4.4.2. ECU: cells floating around in the solution in the tray
4.5. Add more solution 5 as needed during the process and ultimately bring the volume of Solution 5 to 500 ml.
4.5.1. MED: adding more solution 5 to the tray, sets bottle down, label clearly visible
4.5.2. CU: level of solution 5 in tray and tissue in tray
4.6. Now, filter the cell suspension twice.  First filter the cells through a 210 micron nylon mesh into a 1 L conical flask.
4.6.1. MED: talent transfers cell/solution onto a funnel/mesh that drips the cells down into a flask
4.6.2. CU: flask, showing solution as it drips down into the flask
4.7. Then, filter the cells through a 70 micron nylon mesh into a 1 L conical flask.
4.7.1. MED: transferring from 1L flask to second filter, collecting in new flask

4.8. Pour out two equal volumes of the cell suspension into 200 ml centrifuge tubes.
4.8.1. MED: pours the solution from flask into two tubes
4.9. Then, centrifuge the filtered, cell suspension at 72 G for 5 minutes at 4 °C.  (TEXT: 72 G, 5 min., 4 ºC)
4.9.1. MED: unloading the two tubes from a centrifuge
4.10. Aspirate the supernatant and gently resuspend the cell pellet in about 200 ml of Solution 5.  
4.10.1. ECU: side view of one tube as solution above cells pellet is removed.  Tube is gently shaken to loosen cell pellet, then a new solution is added and the cells are mixed into the new solution
4.11. Repeat the centrifugation and re-suspension three times. (TEXT: 3 washes)
4.11.1. WID: loading the centrifuge and starting it up
4.12. After the final centrifugation, resuspend the cells in cold storage solution for a final concentration of two to five million hepatocytes per millilitre.  A trypan blue assay can be used to accurately measure the cell count using a hemocytometer. Shown here are trypan blue-stained hepatocytes.  (TEXT: See the text protocol for details.)
4.12.1. CU: Aspirate media, swirl pellet to loosen cell pellet, then add cold solution to the cell pellet and bringing them into solution
4.12.2. MED: talent performing an easily recognized representative step from the trypan blue assay, such as apply the dye.  The representative step shown is loading a trypan blue cell suspension into a hemocytometer.
4.12.3. Put hemocytometer on microscope stage and view through eyepiece
4.12.4.   View of monitor showing hepatocytes stained by trypan blue hooked up to microscope.
5. Isolated Hepatocyte Viability, Yield and Purity
5.1. From 648 isolations, the average viability of isolated human hepatocytes was 77 plus or minus 10%.  
5.1.1. LAB MEDIA: Figure 5A
5.2. The average yield of hepatocytes was 13 plus or minus 11 million hepatocytes per gram of liver. 
5.2.1. LAB MEDIA: Figure 5B
5.3. By means of immunofluorescence, isolated hepatocytes that stained positively for albumin in green had a purity of 94 plus or minus one percent.  
5.3.1. LAB MEDIA: Figure 3A
5.4. To determine hepatocyte purity, immunofluorescence staining was conducted four times with 5 replicates per trial.

5.4.1. LAB MEDIA: Figure 3B  

5.5. Phase contrast microscopy shows the morphological characteristics of hepatocytes such as their large cell size and polygonal shape. 
5.5.1. LAB MEDIA: Figure 3C
6. Conclusion (said by authors on camera)
6.1. Wolfgang Thasler: After watching this video, you should have a good understanding of how to isolate human hepatocytes using a two-step collagenase perfusion procedure. 

Provided Media
Introduction – Graphic overview.ppt - Schematic overview

2.1 – Figure 1 for script – Perfusion set-up

2.5 – Figure 1EF for script – Gas tank and oxygenation apparatus

3.2 – Figure 1B for script – Liver piece on Büchner funnel

3.5 – Figure 2A for script – Number of cannulae used

3.9 – Figure 2B for script – Perfusion speed used for livers of various weights

3.10 – Figure 2C for script – Average perfusion speed per cannula  

3.18 – Table 2 for script – Collagenase concentrations for livers of various weights

5.1 – Figure 5A for script Viability and Figure 5B Yield for script – Average viability and yield

5.2 – Figure 3A for script – Immunofluorescence image showing positive albumin staining (green, 200X)

5.3 – Figure 3B for script – Negative control for immunofluorescence (200X)

5.4 – Figure 3C for script – Phase contrast image of isolated hepatocytes (100X)

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.
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