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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)      Yes     (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Keyence BZ 9000
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)     No     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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

1.)
Cannulation – Step 2.2

2.)
Optimization of tissue perfusion – Step 2.5

3.)
Digestion test – Step 2.6 (please include in the actual protocol!)

4.)
Opening the tissue and release of liver cells – Step 3.1

5.)
Percoll preparation and collection of gradient separated cells – Step 4.2, 4.3 & 4.4 

6.)
MACS Beads separation – Step 5.6
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 to be filmed by their protocol numbers. (Please do not list an entire section.) 

1.)
Digestion test – Step 2.6 (please include in the actual protocol)

2.)
preparation and performance of the NPC percoll – Step 4.2, 4.3 & 4.4
E.  Will the filming need to take place in multiple locations? (Y/N)       No      If yes, how far apart are the locations?
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 simplified liver cell isolation protocol is to isolate human hepatocytes and non-parenchymal liver cells from the same liver tissue sample in high yield and viability. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  .
1.1. Victoria Kegel: This method can help answer key questions in the field of toxicology and hepatology, as it offers the opportunity for the development of new in vitro co-culture and tissue engineered liver models.
1.2. Victoria Kegel: The main advantage of this technique is that all liver cell populations can be isolated from the same donor and from one relatively small piece of liver tissue sample.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Daniela Deharde: Generally, individuals new to this method will struggle because optimal cannulation and digestion as well as the microscopic identification of the different liver cell populations require a profound experience.
Protocol (read by voice talent at JoVE):

2. Perfusion and digestion of liver tissue sample
2.1. To begin this procedure, weigh the freshly dissected liver tissue under sterile conditions [2.1.1-MED-over the shoulder] and place the liver tissue sample in the laminar airflow hood [2.1.2- CU MED]. Then, clean the blood away from the surface of the tissue sample [2.1.3-CU].  
2.1.1. *Film as written

2.1.2. CU MED the liver tissue sample as it is placed in the laminar airflow hood in a petri dish

2.1.3. *Film as written

2.2. Next, flush the cannulas using 1 x Perfusion-Solution I [2.2.1-MED-over the shoulder].  Use the tissue glue to fix the olives of the cannulas in the larger blood vessels [2.2.2-CU/SCOPE].  Then, test the perfusion and check for leakages of the cannulas [2.2.3- MED-over the shoulder/SCOPE].  

2.2.1. *Film as written

2.2.2. CU/SCOPE- the cannulas as the olives are fixed in the larger blood vessels

2.2.3. *Film as written

2.3. Subsequently, close all the leaking smaller blood vessels with tissue glue [2.3.1-CU/SCOPE].  After that, place the cannulated liver tissue sample into the Büchner funnel on its perforated filter disc [2.3.2-MED-over the shoulder].

2.3.1. CU/SCOPE a smaller blood vessel as it is closed with tissue glue

2.3.2. *Film as written

2.4. Now, set the flow rate of the peristaltic pump between 7.5 and 14.6 ml/min depending on the number of cannulas used and the resistance of the liver tissue [2.4.1-MED-over the shoulder].  [2.4.2-CU] Perfuse the tissue until the whole blood is flushed out for at least 20 min and for a maximum of 30 min [2.4.2- CU].
2.4.1. *Film as written
2.4.2. CU the pump as the flow rate is adjusted

2.4.3. [now 2.4.2] CU the tissue as the blood is being flushed out

2.5. In some cases, it may be necessary to clamp one of the cannulas with plastic clamps or [2.5.1-MED-over the shoulder] to increase the inner pressure of an area by pressing softly against the liver capsule with a spatula in order to optimize the perfusion [2.5.1t2-MED-over the shoulder].  A complete color change from brownish red to light brown or light yellow indicates a good perfusion [2.5.2- CU].

2.5.1. Talent clamps one of the cannulas with plastic clamps 

2.5.1. Take2: Talent presses softly against the liver capsule with a spatula in order to optimize the perfusion

2.5.2. CU the liver as it turns light brown or light yellow

2.6. Afterward, change the perfusion fluid to Digestion-Solution containing collagenase P [2.6.1-MED-over the shoulder-TXT].  Then, rearrange the setup for the digestion step [2.6.2-MED-over the shoulder]. Subsequently, perform a circular flow of Digestion-Solution for up to 15 minutes [2.6.3-CU]. Periodically stop the perfusion and check the degree of digestion. It is essential that the perfusion with Digestion-Solution is stopped immediately when the liver tissue sample is digested sufficiently. Take the liver out of the device when ready and put it in a glass dish [2.6.4-MED]. Rinse the outside of the tissue sample with ice cold Stop-Solution [2.6.5-MED].
2.6.1. *Film as written. Text: See Table 1 in the accompanying manuscript for Digestion-Solution’s composition

2.6.2. *Film as written

2.6.3. CU the circular flow of Digestion-Solution for 30 seconds 

2.6.4. [added] MED: Talent puts liver into glass dish 
2.6.5. Talent stops the perfusion with Digestion-Solution rinses the outside of the liver tissue sample with ice cold Stop Solution 
3. Isolation of Hepatocytes 
3.1. [3.1.1-MED-over the shoulder]. Remove the cannulas from the liver tissue sample [3.1.1-CU/SCOPE].  Then, use a scalpel to open the liver tissue sample by incising the middle of the area where the cannulas were attached, and be sure the Glisson´s capsule stays intact [3.1.2-SCOPE/CU]. 
3.1.1. *Film as written

3.1.2. *Film as written

3.1.3. SCOPE movie to show the incision in the liver tissue sample


3.2. Rinse the inside of the tissue sample and then cover the whole tissue sample with Stop-Solution [3.2.1-CU/SCOPE-TXT]. Next, shake the tissue gently in order to release the cells out of it [3.2.2-CU/SCOPE]. Then, collect the cell suspension and filter it through a gauze funnel into ten 50 ml plastic tubes [3.2.3-MED-over the shoulder].  Add more Stop Solution to the liver tissue sample until a final volume of 500 ml is consumed [3.2.4-MED-over the shoulder].

3.2.1. *Film as written.  Text: See Table 1 in the accompanying manuscript for Stop-Solution’s composition

3.2.2. *Film as written

3.2.3. Talent filters the cell suspension through a gaze funnel into ten 50 ml plastic tubes

3.2.4. *Film as written

3.3. Afterward, centrifuge the cell suspension [3.3.1-MED WIDE-TXT].  Collect the supernatant for NPC isolation later [3.3.2-MED-TXT] and pool the cell pellets into two 50 ml plastic tubes [3.3.3-CU].  Subsequently, wash the cell pellets with PBS [3.3.4-CU].

3.3.1. Talent places cell suspension in the centrifuge. Text: Centrifugation: 50 x g, 5 min, 4°C

3.3.2. *Film as written.  Text: NPC: non-parenchymal cell (accidently slated as 3.3.1. as well)
3.3.3. CU the cell pellets as they are pooled into two 50 ml plastic tubes

3.3.4. CU the cell pellets as they are washed with PBS (please use take 2)
3.4. For that, centrifuge the cell suspension [3.4.1-MED-over the shoulder-TXT].  Collect the supernatant, pool the pellets and re-suspend the pellet in Hepatocyte Incubation medium [3.4.2-MED-over the shoulder BROLL-TXT].  Then, determine the cell number and viability in the resulting cell suspension using trypan blue staining [3.4.3-CU].

3.4.1. Talent places cell suspension in the centrifuge.  Text: Centrifugation: 50 x g, 5 min, 4°C

3.4.2. BROLL: Talent re-suspends the pellet in Hepatocyte Incubation medium.  Text: See Table 2 in the accompanying manuscript for Hepatocyte Incubation medium’s composition

3.4.3. CU the cells as trypan blue is added

4. Isolation of Non-Parenchymal Liver cells
4.1. To isolate the non-parenchymal liver cells, centrifuge the collected supernatant to eliminate the remaining erythrocytes and hepatocytes [4.1.1-MED-TXT].  Collect the supernatants [4.1.2-MED-over the shoulder] and centrifuge them twice to gain the cell pellets for the sedimentation of HCS, LEC, partly KC and the remaining KC [4.1.3-MED WIDE-TXT]
4.1.1. Talent takes the cells out of the centrifuge.   Text: Centrifugation: 72 x g, 5 min, 4°C

4.1.2. *Film as written

4.1.3. Talent places the sample in the centrifuge.  Text: HSC: hepatic stellate cells, LEC:  liver endothelial cells, KC: Kupffer cells; see the accompanying manuscript for centrifuge settings

4.2. Next, re-suspend the pellets in HBSS [4.2.1-MED-over the shoulder].  Then, prepare a 25% and a 50% density gradient by mixing the density gradient solution and PBS for density gradient centrifugation [4.2.2-MED-over the shoulder]. Place the 25% density gradient solution carefully on top of the 50% density gradient solution layer [4.2.3-CU].

4.2.1. *Film as written (accidently slated as 4.1.2. Take2)
4.2.2. Talent mixes the density gradient solution and PBS

4.2.3. *Film as written

4.3. Subsequently, put the NPC suspension carefully and slowly on top of the 25% density gradient solution layer to achieve a clear separation of both layers [4.3.1-CU-TXT].  Centrifuge the cell suspension on the density gradient without brake [4.3.2-MED-TXT].

4.3.1. *Film as written.  Text: NPC: non-parenchymal cells

4.3.2. Talent places the cell suspension in the centrifuge.  Text: Centrifugation: 1800 x g, 20 min., 4°C

4.4. The NPC are located in the interphase between the 25% and 50% density gradient layer [4.4.1-CU]. Aspirate the dead cells and cell debris from the uppermost layer [4.4.2-MED-over the shoulder] and collect the interphase carefully [4.4.3-CU].

4.4.1. CU the NPC and show that it is between the 25% and 50% density gradient layer

4.4.2. *Film as written

4.4.3. added CU: Talent collects interphase
5. Separation of Kupffer Cells, Endothelial Cells and Stellate Cells 
5.1. After dual centrifugation, perform a cell count for the KC in the NPC fraction [5.1.1-MED].  Then, centrifuge the NPC fraction with the previously described dual centrifugation step and re-suspend the NPC in Kupffer Cell seeding medium [5.1.2-MED].

5.1.1. Talent places cells in the Neubauer counting chamber 

5.1.2. Talent resuspends the NPC in Kupffer Cell seeding medium.  Text: See Table 2 in the accompanying manuscript for Kupffer Cell seeding medium’s composition

5.2. Seed the KC containing fraction on the plastic cell culture vessels at a density of 5 x 105 KC /cm2 [5.2.1-MED-over the shoulder]. Incubate the KC cultures for 20 min in a humidified incubator at 37°C, 5% CO2 [5.2.2.-MED]. Primary KC should adhere on the cell culture plastics within a short period of time [5.2.3-SCOPE/CU]. 

5.2.1. *Film as written

5.2.2. Talent places the KC cultures in the incubator

5.2.3. SCOPE movie to show that primary KC adheres on the cell culture plastics

5.3. Then, collect the non-adhered NPC, consisting mainly of HSC and LEC, in the supernatant [5.3.1- MED-over the shoulder]. [5.3.2- MED-over the shoulder].
5.3.1. *Film as written
5.3.2. *Film as written

5.4. To separate the endothelial cells, centrifuge the collected supernatant [5.4.1-MED-TXT].  Then, wash the pellet with PBS [5.4.2-MED-over the shoulder].  After the second centrifugation, re-suspend the cells in Stellate Cell/Endothelial Cell separation medium and perform a cell count for all remaining cells [5.4.3-MED-over the shoulder-TXT].

5.4.1. Talent places the supernatant in the centrifuge. Text: Centrifugation: 300 x g, 5 min, 4°C.

5.4.2. *Film as written

5.4.3. Talent performs a cell count for all remaining cells in the Neubauer counting chamber.  Text: Centrifugation: 300 x g, 5 min, 4°C.
5.5. Next, re-suspend 10 million cells in 1 ml of Stellate Cell/Endothelial Cell separation medium [5.5.1-MED-over the shoulder CU].  Then, add 20 µl of Blocking Solution from the MACS-KIT and 20 µl of the CD31 Micro Beads for immunolabeling [5.5.2-CU], and incubate the resulting suspension for 15 min at 4°C temperature [5.5.3-CU].

5.5.1. *Film as written

5.5.2. CU the suspension as Blocking Solution and CD31 Micro Beads are added

5.5.3. CU the suspension as it is placed in the refrigerator

5.6. Subsequently, separate LEC from HSC as described in the manufacturer´s protocol for the magnetically activated cell sorting system MACS and collect the HSC fraction [5.6.1-MED-over the shoulder BROLL]. Elute the magnetically retained CD31-positive LEC [5.6.2-MED-over the shoulder] and suspend them in Stellate Cell/Endothelial Cell culture medium [5.6.3-CU].

5.6.1. BROLL: Talent separates LEC from HSC  or shows the separated LEC and collects HSC (CU)
5.6.2. *Film as written

5.6.3. CU the cells as they are suspended in Stellate Cell/Endothelial Cell culture medium
5.7. To separate the stellate cells, pass the unlabeled HSC through the separation column during the MACS procedure [5.7.1-MED-over the shoulder].  Then, collect the HSC fraction [5.7.2-CU].

5.7.1. *Film as written

5.7.2. CU the HSC fraction as it is collected

6. Results: Morphology of human parenchymal and non-parenchymal liver cells in suspension and after adherence 
6.1. Here, these images show the different isolated liver cell populations directly after the isolation process in phase contrast microscopy view [6.1.1-LM].  This set of images presents the isolated and cultivated cells after 24 h of cultivation [6.1.2-LM]. 

6.1.1. Fig. 3 Morphological appearance of adherent liver cells, cells in suspension and immunofluorescence staining of cell type-specific antigens.tif: Show A – D  (Add “PHH” in A, “KC” in B, “LEC” in C, and “HSC” in D.)

6.1.2. Fig. 3 Morphological appearance of adherent liver cells, cells in suspension and immunofluorescence staining of cell type-specific antigens.tif: Add E – H

6.2. The immunofluorescence-based characterization of different cell fractions is shown here: PHH showed positive signals for the hepatocyte marker CK18 24 hours after isolation [6.2.1-LM], KC were positive for the marker CD68 24 hours after isolation [6.2.2-LM], LEC showed positive signals for vimentin 72 hours after isolation [6.2.3-LM] and HSC were positive for GFAP 72 hours after isolation [6.2.4-LM]. 

6.2.1. Fig. 3 Morphological appearance of adherent liver cells, cells in suspension and immunofluorescence staining of cell type-specific antigens.tif: Show I

6.2.2. Fig. 3 Morphological appearance of adherent liver cells, cells in suspension and immunofluorescence staining of cell type-specific antigens.tif: Add J

6.2.3. Fig. 3 Morphological appearance of adherent liver cells, cells in suspension and immunofluorescence staining of cell type-specific antigens.tif: Add K

6.2.4. Fig. 3 Morphological appearance of adherent liver cells, cells in suspension and immunofluorescence staining of cell type-specific antigens.tif: Add L
7. Conclusion (said by authors on camera)
7.1. Georg Damm: While attempting this procedure, it’s important to remember that a successful isolation depends on an optimal digestion of the liver tissue sample.
7.2. Georg Damm: After watching this video, you should have a good understanding of how to control the digestion of the liver tissue and how to perform the Percoll density gradient separation which are the critical steps.
7.3. Georg Damm: After its development, this technique paved the way for researchers in the field of medical research to explore hepatic functions and disease in the newly created in vitro cell cultures and tissue engineered liver models.

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.

 2013, Journal of Visualized Experiments


