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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__NO_  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_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.) This is difficult to answer as most highlighted aspects of the manuscript are novel to the technique. The ones that would particularly benefit from visual instruction are:  2.3) Gluing modules. 3.2. Set-up. 3.3. Sterilization. 3.4. Wash. 4.4) Transfer of cell suspension. 6.2 & 6.3) Excision of fibres.  
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
6.2 & 6.3) Excision of fibres. Care needs to be taken to preserve equipment.
E.  Will the filming need to take place in multiple locations? (Y/N) __) Yes __ If yes, how far apart are the locations? They are different labs a short distance away on the same corridor.


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 in vitro model is to observe liver cell function in vitro in a physically-relevant environment, that has separate sinusoid-like and bile canaliculi-like compartments. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kim Luetchford: This method can help culture cells in a physiologically relevant environment, for example in order to produce more realistic cell responses to drug dosing in vitro.
1.2. Kim Luetchford: The main advantage of this technique is that It can be set up by any competent cell biologist and it fits in a standard incubator.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Author Name (needs to be someone other than Kim): The implications of this technique extend toward in vitro to in vivo extrapolation, because the system replicates the liver physiology.  
1.4. Author Name (needs to be someone other than Kim): Generally, individuals new to this method will struggle because the hollow fibre bioreactor is not yet a standard cell culture device that is included in basic cell culture training.
1.5. Author Name (needs to be someone other than Kim): Visual demonstration of this method is critical as the set up and dis-assembly steps are difficult to learn, because it requires a high level of dexterity.   

Protocol (read by voice talent at JoVE):
2. Module Fabrication
2.1. [bookmark: _GoBack]The modules used in this study are made from 1mm thick borosilicate glass and have 2 side ports. Fibers in this module have an outer surface area of 4.95cm2, or roughly half of a well of a 6-well plate. [1-LM-TXT].
2.1.1.  LAB MEDIA: 53431_Ellis_Figure2A. 
2.2. Begin by siliconizing the modules before first use. Coat the inner surface with Sigmacote [1-CU], and allow to dry in a fume hood [2-MED]. Then autoclave the module to increase the life of the treatment [3-MED-over the shoulder-TXT].
2.2.1. The module is picked up by gloved hand and the inner surface coated with Sigmacote. 
2.2.2. Talent places the module down in the fume hood. 
2.2.3. Talent places the module in the autoclave. TEXT: 121 °C, 1atm, 20mins. 
2.3. Using a scalpel, cut 75mm-long fibers [1-MED], and insert three fibers into each module leaving approximately 7mm excess length at each end [2-CU]. 
2.3.1. The fibers are cut with a scalpel. 
2.3.2. *film as written. 
2.4. Next, add 0.5 milliliters of silicone glue to a weighing boat [1-MED]. Then use a P200 pipette tip to pick up a small amount of silicone [2-CU], and work the glue into the ends of the module around the fibers to form a 3 to 5mm plug [3-CU]. Allow to dry for a minimum of 3 hours [4-MED-TXT].
2.4.1. *film as written. 
2.4.2. *film as written. 
2.4.3. *film as written. 
2.4.4. Show the dried plug. TEXT: 3 hours. 
2.5. Once dry, use a scalpel to cut the silicone so that it is flush with the glass module ends [1-CU]. 
2.5.1. *film as written. 
2.6. Lastly, wrap about 4 layers of polytetrafluoroethylene tape around one side port [1-MED-TXT].
2.6.1. *film as written. TEXT: PTFE. 

3. System Set-up and Sterilization
3.1. Prior to set up, autoclave all of the autoclavable components [1-MED-over the shoulder]. 
3.1.1. Show the autoclavable components (in an autoclave pouch) being placed in the autoclave. 
3.2. Then, while working in a laminar flow hood, add 10ml of 70% ethanol to the reservoir bottle and assemble the reservoir bottle [1-MED], Q-series cap [2-CU], feed tube [3-CU], pump [4-MED] and pump tubing [5-CU].  
3.2.1. Talent adds the ethanol to the bottle and then places it in the appropriate position. 
3.2.2. [combined with 3.2.2] The cap is placed
3.2.3. The feed tube is attached Use the version labeled 3.2.3* NOT the normally labeled one
3.2.4. The pump is prepped
3.2.5. The pump tubing is fitted. 
3.3. Now, loosely place an end cap over the PTFE-taped side port [1-CU]. Slide the ends of the L/S16 (pronounced L.S.16) module connectors over the module ends and free side port [2-MED], and connect a 40mm section of L/S13 tubing to the module connector nearest the capped side port [3-CU]. 
3.3.1. *film as written. 
3.3.2. *film as written. 
3.3.3. *film as written. 
3.4. Connect the module to the pump tubing, orientating the module so the capped side port is nearest the pump [1-MED].
3.4.1. *film as written. 
3.5. Connect the permeate line and retentate line to the module connectors [1-MED] and to the L/S14 of the Y-connector on the reservoir bottle [2-MED-over the shoulder]. 
3.5.1. *film as written. 
3.5.2. *film as written. 
3.6. To sterilize, pump ethanol through the module at 800 microliters per hour for a minimum of 30 minutes [1-MED-TXT]. 
3.6.1. Talent starts the pump and ethanol is seen to move through the tubing. (TEXT: 267μl/h per fiber. Adjust times if other sterilizing methods are used). 
3.7. To wash the ethanol out of the system, first turn off the pump [1-MED]. Then detach the pump tubing from the module adaptor tubing [2-CU]. Hold the module aloft to drain the ethanol out of the fibers and retentate line [3-MED].
3.7.1. Talent approaches the pump and switches it off. 
3.7.2. The pump and module adaptor tubes are detached and drained.  
3.7.3. *film as written.  There is a re-frame to try to show CU of tube and moving ethanol.  You can cut before reframe and then use CU if needed.  Still not very easy to see moving ethanol.
3.8. Remove the side port end cap from the module to drain the ethanol from the module itself and the permeate line [1-MED], then reattach the side port end cap [2-CU]. 
3.8.1. *film as written. Show ethanol draining out. 
3.8.2. *film as written. 
3.9. Reverse the flow of the pump to drain the pump tubing and feed line of ethanol [1-MED]. Once the lines are empty, turn off the pump, and reattach the pump tubing to the module adaptor [2-MED-over the shoulder].
3.9.1. Talent operates the pump to reverse the flow. The ethanol is seen moving along the pump tubing and/or feed line. 
3.9.2. *film as written. 
3.10. Next, unscrew the ethanol bottle from the lid and replace with a bottle containing 10 milliliters of cell growth medium without serum [1-MED]. 
3.10.1. *film as written. 
3.11. Pump the medium through the system at 800 microliters per hour until the retentate line is full of media [1-MED-TXT]. Clamp the retentate line to force the media to permeate through the fibers to wash the module [2-CU]. Then wash for approximately 2 hours [3-MED-over the shoulder].
3.11.1. Show the end of the retentate line almost full of media. TEXT: 800 l/h
3.11.2. The retentate line is clamped. If any change to the flow is visible please ensure that this is shown in the shot. 
3.11.3. Talent starts a countdown timer set for 2 hours. 
4. Seeding the Module 
4.1. Harvest the cell type of choice according to standard protocols [1-MED-TXT]. Re-suspend the cell pellet to 4x106 cells per milliliter in growth media supplemented as required for the desired cell type [2-CU]. 
4.1.1. Talent working at TC hood. Details not required. (TEXT: Detail is given in the written protocol)
4.1.2. The cell pellet is resuspended in a representative amount of media. 
4.2. Turn off the pump and drain the module and tubing as before [1-MED]. 
4.2.1. Talent turns off the pump and removes the cap to drain the medium from the feed module. 
4.3. Then detach the module from the connectors [1-MED-over the shoulder], and attach sterile module end caps while leaving one side port free [2-MED].
4.3.1. *film as written. Includes 4.3.2 as scientist moved onto this step by mistake.
4.3.2. *film as written. Show one side port left uncapped.  
4.4. Next, use an 18-gauge needle and a 1-milliliter syringe [1-MED] to transfer 500 microliters of the cell suspension to the module. Take care to avoid bubble formation and not to damage the fibers [2-CU-TXT]. 
4.4.1. Talent using an 18G needle and 1 ml syringe to take up 500ul of cell suspension. 
4.4.2. Show the cell suspension being injected into the module. No bubbles are seen. TEXT: 2x106 cells. 
4.5. Now cap the side port with an end cap [1-CU]. Then incubate the cells at 37 °C and 5% CO2 for 2 to 4 hours with manual turning of the module by 180° every 5 minutes [2-MED]. 
4.5.1. *film as written. 
4.5.2. Talent places the module in the incubator and then demonstrates the 180° turn. TEXT:  Alternatively a tube rotator may be used. 
4.6. After the incubation, attach a sterilized injection port with cap to one side port of the module [1-MED-over the shoulder]. Remove the other side port end cap [2-MED], and slowly drain the cells by injecting air into the attached injection port using a 27-gauge needle and 1 milliliter syringe [3-MED]. 
4.6.1. *film as written. 
4.6.2. *film as written. 
4.6.3. Show Talent injecting air, and the media draining out of the module. 
4.7. Replace the injection port with an end cap [1-MED]. Slowly fill the module with media using the free side port and an 18-gauge needle with a 1 milliliter syringe [2-CU]. Then remove the module end caps and attach the module to the tubing using the module connectors [3-MED].
4.7.1. *film as written. 
4.7.2. *film as written. Show media filling the module. 
4.7.3. *film as written. 
4.8. Lastly, replace the wash media bottle with one containing 50 milliliters of growth media with supplements [1-MED-over the shoulder]. Pump the growth media through the system at 800 microliters per hour [2-MED]. 
4.8.1. Talent replaces the media bottle as described. 
4.8.2. Talent turns on the pump. 
5. Excision of Fibers 
5.1. To excise fibers from the module for analysis at the end of an experiment, first unplug and drain the hollow factor bioreactor [1-MED].  
5.1.1. *film as written. Re-frame at tend to show CU of draining
B shot to show unplugging.
5.2. Then carefully insert a small blade between the glass and silicone without damaging the blade. Turn the module so as to cut away the silicone from the glass [1-MED]. Rotate the module over the blade to cut the silicone glue from the glass [2-CU-TXT]. 
5.2.1. *film as written. 
5.2.2. Show the glue being cut from the glass in detail. TEXT: Repeat at the other end of the module. 
5.3. Using the blade, hook out the silicone plug from one end [1-CU], then grasp with forceps and gently pull. Ensure that the fibers come cleanly with the plug [2-CU].
5.3.1. *film as written. 
5.3.2. The plug is pulled and the fibers come cleanly with the plug.  
5.4. Kim Luetchford: Pull the fibers out smoothly, avoiding scraping the fibers against the edge of the module [1-INT].
5.4.1. Talent speaks the above to camera. 
6. Results: Seeding, Proliferation, Viability and Biochemical Analysis
6.1. Cells were grown for 48 hours before fibers were excised, fixed, and nuclei stained with DAPI. Each of the following images is a composite of 12 ‘focus stacked’ images to increase the depth of field of the resulting image [1-LM]. 
6.1.1. LAB MEDIA: 53431_Storm_Figure6A. Show image. TEXT: 10x Objective
6.2. Areas of higher and lower cell density are found along the fiber at this time point. Where present, fiber boundaries are denoted with a red dashed line. The scale bar represents 200 microns [1-LM].
6.2.1. LAB MEDIA: 53431_Storm_Figure6B and 6C. Show side-by-side. 
6.3. This histogram shows cell densities at seeding and after a 7-day proliferation period. 2D cell numbers were determined using a hemocytometer [1-LM]. Hollow fiber bioreactor cell numbers were determined using the picogreen assay and a standard curve produced from C3A cells [2-LM]. 
6.3.1. LAB MEDIA: 53431_Storm_Figure5B* Highlight the text ‘Tissue culture plastic’
6.3.2. LAB MEDIA: 53431_Storm_Figure5B* Highlight the text ‘HFB’. 
6.4. Here, population doubling times are shown [1-LM]. 
6.4.1. LAB MEDIA: 53431_Storm_Figure5C*
6.5. Cell viability as determined by trypan blue exclusion at the end of a 7-day proliferation is shown here. ‘Inlet’, ‘central’ and ‘outlet’ represent regions within the hollow fiber bioreactor [1-LM]. 
6.5.1. LAB MEDIA: 53431_Storm_Figure5D*
6.6. This image shows glucose consumption and lactic acid production. Levels were monitored at the reservoir bottle as well as the retentate and permeate outlets and compared to routine culture on tissue culture plastic [1-LM]. 
6.6.1. LAB MEDIA: 53431_Storm_Figure5E*

7. Conclusion (said by authors on camera)
7.1. Kim Luechford: After watching this video, you should have a good understanding of how to set up and run this hollow fibre bioreactor culture system. 

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

