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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes
Can you record movies/images using your own microscope camera? No
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Nikon SMZ800
B.   Software Usage: Does your protocol include detailed descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)  2.4, 2.5, 2.12, 3.5, and 4.1
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 using the step numbers listed in this document. (Please do not list entire sections.) 2.4 and 2.12
E.  Will the filming need to take place in multiple locations? Yes, they are 30 minutes apart (~25 min drive). 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to generate a human liver chimeric mouse model of familial hypercholesterolemia using human induced pluripotent stem cell-derived hepatocytes (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jiayin Yang: This method can help answer key questions in the field, such as how to generate a human liver chimeric mouse model for studying familial hypercholesterolemia [1-INT]. 
1.1.1. Named Talent speaks the text looking slightly off-camera. Interview style. 
1.2. Jiayin Yang: The main advantage of this technique is that it allows performing drug testing in vivo [1-INT].
1.2.1. Named Talent speaks the text looking slightly off-camera. Interview style. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Wing-Hon Lai: This technique has implications for the treatment of familial hypercholesterolemia, as new therapies for this disease can be tested using such chimeric animal model [1-INT].
1.3.1. Named Talent speaks the text looking slightly off-camera. Interview style. 
1.4. Xiao-Yu Tian: Though this method can provide insight into familial hypercholesterolemia, it can also be applied to other inherited liver diseases [1-INT].
1.4.1. Named Talent speaks the text looking slightly off-camera. Interview style. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the Committee on the use of Live Animals in Teaching and Research (CULATR) at Li Ka Shing Faculty of Medicine, the University of Hong Kong.
Protocol: (read by voice talent at JoVE)
Multiple Talents: Wai-In Ho (WIH): 2.1-2.7; Jiayin Yang (JY): 2.8-2.12, Rui Wei (RW): section 3, Xiao-Yu Tian (XYT) section 4. 
2. Dissociation of iHeps for Injection 
2.1. Twenty-four hours prior to engraftment, thaw 40 microliters of extracellular matrix per mouse by placing in an ice box in a cold room [1-WIDE]. Chill an insulin syringe for each mouse to be injected, and a box of 200 microliter tips in a 4 °C refrigerator [2-MED-over the shoulder]. 
2.1.1. Shot from inside cold room. The ice box is already in the cold room. WIH enters with the ECM in an ice bucket and then transfers the tubes to the ice bucket. 
2.1.2. WIH crouched down in front of the open refrigerator places multiple syringes and a box of tips inside. 
2.2. One hour prior to engraftment, warm the cell dissociation enzyme supplemented with 50 micrograms per milliliter of DNase I (pronounced D.N. ‘ase’ one) to room temperature [1-MED] and place RPMI 1640 medium supplemented with 20% serum replacement on ice [2-MED-over the shoulder].
2.2.1. WIH places a labeled tube of enzyme into a water bath or into a tube rack on the bench (whichever is usual). 
2.2.2. WIH places a labeled tube of RPMI 1640 + 20% serum into an ice bucket. 
2.3. Take phase contrast images of iHeps to record their status [1-MED-over the shoulder/MED], including cell morphology, growth, and cell density [2-LM]. 
2.3.1. WIH places a dish of cells on the microscope stage and then looks through the oculars. Multiple takes, shot will also be used to cover 2.5.1. 
2.3.2. LAB MEDIA: 57556_Yang_Figure1_day17
2.4. Next, wash each well of iHeps with 2 milliliters of room temperature calcium and magnesium ion-free PBS twice [1-MED-over the shoulder], and then add 1 milliliter of the pre-warmed cell dissociation enzyme to each well [2-CU]. Return the cells to the incubator for 8 to 10 minutes [3-MED-over the shoulder].
2.4.1. WIH pipettes from a 50 mL Falcon bottle of PBS and dispenses volumes into multiple wells before aspirating those same volumes from the well. 
2.4.2. Shot of the wells as 1 mL of enzyme is added to each well. 
2.4.3. WIH places the plate into the incubator. 
2.5. Monitor the cell morphology under the microscope [1-MED]. When most of the cells become round, add an equal volume of cold medium a well, pipette the cells gently to detach from the plate, and transfer the cell suspension to a new 15 milliliter tube [2-MED-over the shoulder].
2.5.1. Use 2.3.1. 
2.5.2. WIH at TC hood pipettes cold medium from the bottle/tube last seen in 2.2.2 and dispenses it into one of the wells of the plate. The volume is then pipetted up and down and finally transferred to a labeled 15 mL tube. 
2.6. This step is critical for harvested cells’ viability. If the cells are difficult to detach from the plate, some can be left on the plate. If the cells detach as large squares of monolayer, then pipette gently after centrifugation to obtain a single cell suspension [1-INT]. 
2.6.1. Wai-In Ho speaks the above text to camera. 
2.7. Repeat the cell detachment procedure for each well until nearly all attached cells are collected [1-MED]. Then centrifuge at 200 g for 3 minutes at 4 °C [2-MED-over the shoulder]. 
2.7.1. WIH at the TC hood. There are now more 15 mL tubes containing cell suspension in the tube holder. Talent pipettes the volume from the last well of the plate into the last empty tube and caps it. 
2.7.2. WIH loads the tubes into the centrifuge, closes the lid and starts the spin. 
2.8. Following centrifugation [1-MED], remove the supernatant [2-MED-over the shoulder] and resuspend the cells with 2 milliliters of cold PBS in the 15-milliliter tube. Pipette the cells gently to obtain a single-cell suspension [3-MED]. 
2.8.1. WIH removes the last of the tubes from the centrifuge and then hands the rack containing the tubes to JY. 
2.8.2. JY at TC hood aspirates the supernatant from one of the tubes. 
2.8.3. JY pipettes from a bottle/tube of PBS on ice, dispenses the volume into the tube and then gently pipettes up
2.9. Then pass the cells through a 40-micron cell strainer to remove aggregates [1-CU]. 
2.9.1. The cell suspension is pipetted onto a cell strainer rested upon a collection tube and the cell suspension begins dripping through. 
2.10. Normally 1-2 million cells per well can be harvested after filtering [1-INT].
2.10.1. Jiayin Yang speaks the above text to camera. 
2.11. Next, add 20 microliters of 0.4% trypan blue solution to 20 microliters of cell suspension [1-CU]. Count the cells and record the concentration of cell suspension as “C” [2-MED]. Calculate the required volume (TEXT: V1 = [106 * (n+1)]/C, where n is the number of mice to be engrafted) of cell suspension to inject 1 million cells per mouse [3-MED-over the shoulder]. 
2.11.1. Shot of a small centrifuge tube containing 20 ul of cell suspension as 20 ul of trypan blue is added. 

2.11.2. Talent at the automated cell counter performing a cell count (detail not required). 
2.12. Then aliquot the required volume of cell suspension into 15 milliliter tubes [1-MED-over the shoulder] and centrifuge at 200 g for 3 minutes at 4 °C [2-MED].
2.12.1. JY at the TC hood pipetting cell suspension into labeled 15 mL tubes. 
2.12.2. JY places the tubes into the centrifuge, closes the lid and starts the spin. 
2.13. After removing the supernatant, resuspend the cells in 27.5 microliters of cold PBS per mouse [1-CU], and then add an equal volume of extracellular matrix for a final volume of 55 microliters per mouse [2-MED]. 
2.13.1. 27.5 ul x 4 = 110 ul of cold PBS is added to pellet and the pellet is gently resuspended. 
2.13.2. JY pipettes from a bottle/tube of ECM and adds it to the small volume of cell suspension. 
2.14. Now, place one of the cold insulin syringes on ice [1-MED-over the shoulder], unplug the piston, transfer 55 microliters of cell suspension into the syringe and then put the piston back [2-MED]. Discharge bubbles carefully [3-CU] and put the syringe back on ice [4-MED-TXT]. 
2.14.1. JY reaches over and retrieves one of the syringes form the ice box. 
2.14.2. JY pulls out the piston, picks up a pipette loaded with cell suspension, pipettes the volume into the syringe and then replaces the piston. 
2.14.3. The syringe is adjusted to remove any bubbles. 
2.14.4. JY returns the syringe to the ice bucket. TEXT: Repeat to load all syringes.  
3. Intrasplenic Injection of iHeps 

3.1. Ensure that LRG mice are properly anesthetized before beginning the injection procedure [1-MED]. Apply veterinary ointment over the eyes to prevent dryness during the anesthesia procedure [2-CU]. 
3.1.1. RW picks up an anesthetized mouse and administers a paw pinch. No reaction is seen. 
3.1.2. Vet ointment is applied to both eyes of the mouse. 
3.2. Once the mouse has lost muscle reflex to stimulation, place it in the right lateral decubitus position [1-MED-over the shoulder]. Apply a thick layer of depilatory cream to the incision area in the left flank and leave for 5 to 8 minutes [2-CU]. 
3.2.1. Talent again checks the depth of anesthesia and as no reaction is seen places the mouse on its right side in the surgical prep area. 
3.2.2. Depilatory cream is applied as described. 
3.3. Remove the depilatory cream and hair by wiping the area with a water-moistened gauze pad [1-CU]. Then, scrub the left flank with 70% ethanol three times [2-MED] followed by a final soaking with betadine for disinfection [3-CU].
3.3.1. *film as written. Author note: We used a different mouse from now on. Because we shot this part separately to save time.
3.3.2. RW drenches a sterile swab (or similar) in 70% ethanol from a labeled tube and wipes the hair-free area of the mouse. 
3.3.3. A swab soaked with betadine is placed over the hair-free area and then removed after a second or so. 
3.4. Then, locate the spleen, which can be seen in the left flank [2-ECU]. 
3.4.1. The mouse is placed on a sterile drape or similar under the dissection microscope. 
3.4.2. The mouse is palpated if necessary and the spleen is seen through the skin. 
3.5. After using scissors to make a 0.5 to 1-centimeter incision in the skin and abdominal wall [1-MED], use forceps to exteriorize the spleen by gently pulling the surrounding adipose tissue [2-ECU]. Gently stabilize the spleen using a swab [3-MED-over the shoulder]. 
3.5.1. RW puts down the scissors after making the incision and picks up forceps. 
3.5.2. The forceps pull the adipose tissue and the spleen comes out through the incision. 
3.5.3. RW picks up a swab and uses it to stabilize the spleen. 
3.6. Insert the needle of the insulin syringe 3 to 4 millimeters into the parenchyma of the spleen and gently inject approximately 50 microliters of cell suspension [1-SCOPE]. 
3.6.1. The spleen and stabilizing swab are seen. The injection needle comes in and is inserted into the spleen as described. The injection is made and the volume in the syringe is seen to decrease. 
3.7. Retract the needle and place a cotton swab over the injection site for 1 minute to prevent bleeding and spillage of material [1-MED].
3.7.1. *film as written. 
3.8. Return the spleen to the peritoneum [1-SCOPE] and close the wound with 5-0 nylon sutures [2-MED-over the shoulder]. 
3.8.1. The spleen is gently pushed through the incision back into the body. 
3.8.2. RW suturing the incision (detail not required). 
3.9. After suturing, place the mouse in a clean cage with easy access to food and water [1-MED-TXT].  
3.9.1. The mouse is placed in a clean cage with food visible. A water bottle is placed. TEXT: Give meloxicam and buprenorphine. Mice should be kept in a warmer for at least 3 h post-surgery.  
4. Endothelial Function Test 
4.1. Begin by removing the internal organs from the freshly euthanized mouse [1-MED] so that the descending aorta parallel to the spine is visible [2-ECU]. Then dissect away the adjacent tissue and remove the heart [3-CU]. 
4.1.1. Talent (XYT) is at the dissection bench with the mouse removing the internal organs to expose the descending aorta (detail not required here. Shot is more to establish Talent and procedure change). 
4.1.2. The last of the internal organs is removed and the descending aorta is visible to camera. 
4.1.3. The tissue around the aorta is cleared with forceps and then the heart is removed. 
Author note: CUHK recommended us not to show animal procedures which will show a dead mouse. They told us a piece of tissue (for example aorta) is fine, but the image of a mouse is not.
4.2. Use fine scissors [1-MED-over the shoulder] to dissect the aortae [2-CU]. Placing each one into cold oxygenated Krebs solution [3-CU]. 
4.2.1. Talent puts down larger scissors and picks up small scissors. 
4.2.2. The first aorta (left or right) is dissected out. Author note: See author notes for section 4.1.
4.2.3. Shot of the beaker of oxygenated Krebs solution as the aorta is placed into the liquid. 
4.3. After collection, transfer the aortae in Krebs solution to a silicone-coated petri dish [1-CU]. Pin the connective tissue to fix the aorta position without stretching it [2-ECU].
4.3.1. The aortae are poured out of the beaker of Krebs solution and into a silicone-coated petri dish. 
4.3.2. One of the aortae is pinned to the dish. 
4.4. Under a stereomicroscope [1-MED], use fine forceps and spring scissors [2-MED-over the shoulder] to dissect the aorta free from the surrounding fat and adventitial tissue without damaging the vessel wall. Then cut each aorta into 1.5 to 2-millimeter length segments [3-SCOPE].
4.4.1. XYT places the dish with both aortae pinned onto the stage of the stereomicroscope. 
4.4.2. XYT situates themselves at the stereomicroscope and picks up the fine forceps and scissors. 
4.4.3. *film as written. 
4.5. Next, cut a 2-centimeter long piece of 40-micron thick stainless wire [1-MED] and gently insert into the aorta lumen [2-SCOPE]. Hold the wire to transfer the segment to the wire myograph chamber filled with oxygenated Krebs solution [3-MED-over the shoulder].
4.5.1. XYT measures and cuts the wire. (Author note: did not measure, just roughly cut at 2-cm length)
4.5.2. The wire is inserted into the lumen. 

4.5.3. XYT grasps the wire, lifts the aorta out of the petri dish and moves it to the myograph chamber. 
4.6. To measure the length of the aortae segments when studying contractility, place each segment perpendicularly in between the jaws [1-CU] [SCOPE] and record the D1 reading on the micrometer [2-MED-over the shoulder]. 
4.6.1. The aorta is situated in the jaws of the wire myograph chamber filled with oxygenated Krebs solution. 
4.6.2. XYT looks at the display and then writes the value in a lab notebook. 
4.7. Then remove the segment and move the jaws together [1-CU] [SCOPE]. Record the D0 reading and calculate the length of the segment [2-MED-TXT]. 
4.7.1. *film as written. 
4.7.2. XYT looks at the display the micrometer on one side of the myograph chamber, writes the value in a lab notebook and then performs a simple calculation. TEXT: Length = D1-D0.
4.8. Next, clamp the wire and secure it with the screwdriver whilst placing the unstretched segment in between the jaws [1-CU] [SCOPE]. 
4.8.1. The wire is clamped and secured and the aorta is maneuvered into position. 
4.9. For normalization before the experiment, set the myograph to zero in the unstretched position [1-MED-over the shoulder]. Then, slowly move the jaws apart and observe the aorta tension change until reaching 3 millinewton [2-CU].
4.9.1. Talent reaches over and sets the myograph to zero. 
4.9.2. The jaws slowly move apart and the aorta is stretched. (Author note: XYT operate on the micrometer to move the jaws apart, tension is shown on the small screen when the aorta is stretched) 
4.10. After 15 minutes, drain the solution from the myograph chamber and replace with fresh Krebs solution [1-MED-over the shoulder]. 
4.10.1. XYT drains the solution from the chamber and then pours in fresh Krebs solution from a labeled bottle. 
4.11. After waiting for another 15 minutes, again adjust the tension to 3-millinewton [1-CU]. Then change the standard Krebs solution to Krebs solution supplemented with 60 millimolar potassium chloride [2-MED] to induce contraction for at least 15 minutes [3-CU]. 
4.11.1. The jaws slowly move apart and the aorta is stretched. (Author note: similar to 4.9.2, XYT operate on the micrometer to move the jaws) 
4.11.2. Talent finishes draining the chamber and then pours in 60 mM KCl Krebs solution from an appropriately labeled bottle/tube. 
4.11.3. Footage of the aorta contracting in the set up. 
4.12. Rinse with fresh Krebs solution 3 times [1-MED-over the shoulder]. Then add increasing concentrations of phenylephrine, for example 10 nanomolar to 100 micromolar [2-MED]. 
4.12.1. Talent adding fresh Krebs solution and then removing it and replacing with fresh Krebs solution. 
4.12.2. Talent pipettes from a labeled bottle of phenylephrine and adds it to the chamber of Krebs solution. (Author note: XYT pipettes from a labelled small vial of phenylephrine)
4.13. Then, after washing out with standard Krebs solution add a single concentration of phenylephrine [1-MED-over the shoulder] at ~70% of maximal contraction [2-CU].
4.13.1. XYT pours Krebs solution supplemented with phenylephrine into the chamber from an appropriately-labeled bottle. (Author note: Instead, after 5mL fresh Krebs solution is added and tension is stable, XYT pipette 5 uL from a labelled small vial of phenylephrine (labelled as Phe 10 mM), and add into the chamber)
4.13.2. Show the 70% of max. contraction if possible. 
4.14. When the contraction is stable [1-CU], add increasing concentrations of acetylcholine at 2-minute intervals, for example 1 to 3 nanomolar to 10 to 30 micromolar, to induce vasodilation [2-MED]. 
4.14.1. Show the contraction now stabilized if possible. 
4.14.2. XYT pipettes from a labeled tube of acetylcholine and dispenses a volume into the chamber containing Krebs buffer. 
4.14.3. Show increasing concentrations of acetylcholine induce vasodilation.

5. Results: iHep Mediated Repopulation of LRG Mice Liver
5.1. This image shows a representative whole section-scanned image of human albumin staining in a mouse liver repopulated with low-density lipoprotein receptor deficient iHeps [1-LM]. Arrows indicate clusters of human iHeps engrafted into the mouse liver [2-LM]. 
5.1.1. LAB MEDIA: 57556_Yang_Figure4a_hALB. Video Editor please show image without the black lines and inset and without the arrows. 
5.1.2. LAB MEDIA: 57556_Yang_Figure4a_hALB. Video Editor please add arrows. 
5.2. The clusters of engrafted human iHeps are seen in more detail here [1-LM].  
5.2.1. LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4a_zoom. Video Editor this could be faded in or a fancy zoom effect could be used to zoom in on the black box from 57556_Yang_Figure4a_hALB. 
5.3. This scatter plot graph shows the percentage of repopulated human albumin positive cells corresponding to iHep-containing areas in a mouse liver from different donor iPSCs [1-LM]. 
5.3.1. LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4b. Show figure. 
5.4. This is a representative image of immunohistochemical staining for human nuclei in a mouse liver with engrafted familial hypercholesterolemia iHeps [1-LM]. 
5.4.1. LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4c. Show image. 
5.5. The bar graph shows the percentage of repopulated human nuclei-positive iHeps from different donor iPSCs in LRG mouse livers [1-LM]. 
5.5.1. LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4d. Show figure. 
5.6. These are representative images of human albumin and human nuclei staining on two consecutive sections of a mouse liver repopulated with wild type iHeps [1-LM]. 
5.6.1. LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4e. Video Editor – one image can replace the other if this fits better on screen compared to showing both images at once. 
5.7. Finally, this image shows endothelium-dependent vasodilation of the aorta in familial hypercholesterolemia human liver chimeric mice in response to increasing concentrations of acetylcholine [1-LM]. 
5.7.1. LAB MEDIA: LAB MEDIA: 57556_Yang_Figure5d. Show image. 
6. Conclusion (said by authors on camera)

6.1. Rui Wei: After watching this video, you should have a good understanding of how to generate human liver chimeric mice using human iPSC-derived hepatocytes.

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.

2.3.1.
LAB MEDIA: 57556_Yang_Figure1_day17.tif
5.1.1.
LAB MEDIA: 57556_Yang_Figure4a_hALB.tif
5.2.1
LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4a_zoom.tif
5.3.1
LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4b.png
5.4.1
LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4c.png
5.5.1
LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4d.png
5.6.1
LAB MEDIA: LAB MEDIA: 57556_Yang_Figure4e.png
5.7.1
LAB MEDIA: LAB MEDIA: 57556_Yang_Figure5d.png
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.

( 2018, Journal of Visualized Experiments


