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A.  Will you require JoVE to record video microscopy? Y: Axiovert 40 C microscope (Zeiss) and AxioObserver Z1 microscope (Zeiss) 
B.   Does your protocol include descriptions of software usage? N 

C.  Which steps of your protocol will viewers benefit most from having filmed?

2.1., 2.3., 2.15. and 3.6.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3., 2.15.

E.  Will the filming need to take place in multiple locations? N 
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 method is to generate a choroid plexus epithelial cell-based model of the human blood-cerebrospinal fluid barrier, enabling the study of bacterial infections from the basolateral side. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Stefanie Dinner: This method can help answer key questions about infectious diseases of the central nervous system, such as which processes are involved during bacterial interactions with the choroid plexus epithelium? 
1.2. Christian Schwerk: The main advantage of this technique is that it allows analysis of the interactions of pathogens with the basolateral blood-side of epithelial cells.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Tobias Tenenbaum: This method can also be applied to other studies, such as to the investigation of the transmigration of immune or tumor cells across the choroid plexus epithelium.

1.4. Horst Schroten: I first had the idea for using human choroid plexus papilloma, or HIBCPP, cells for this method when I read the 2005 manuscript by Ishiwata et al. describing this cell line.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol (read by voice talent at JoVE):

2. Human choroid plexus papilloma (HIBCPP) cell culture filter insert seeding
2.1. Begin by using sterile forceps to place 0.33 cm² growth area cell culture filter inserts [2.1.1.-WIDE] with 3 micron-sized pores upside down into individual wells of a 12-well plate [2.1.2.-CU].
2.1.1. Talent picking up insert, putting insert into well (Video Editor: Only as much action as necessary; can skip putting insert into well)
2.1.2. Insert being placed upside down into one well
MOVE 2.3 ABOVE 2.2
2.2. Next, add 100 microliters of 37° cell culture medium supplemented with 10% FCS on top of the filter [2.2.1.-CU-TXT].
2.2.1. Few seconds medium being added to top compartment  on top of the (inverted) filter. (TEXT: See text for all media/reagent preparation details)
2.3. Then with a serological pipette, flood the well with about 3 ml of the pre-warmed medium [2.3.1.-CU], aspirating any extra solution until the lower compartment is just filled [2.3.2.-CU].
2.3.1. Few seconds well being filled, with medium container label visible in frame if possible
2.3.2. [combined with 2.3.1] Last few seconds extra medium being aspirated until compartment is just filled
2.4. Stefanie Dinner “When adding the medium, it is very important to avoid the generation of air bubbles under the membrane, since bubbles will prevent the cells from being fed sufficiently.” [2.4.1.-MED-interview style]
2.4.1. Stefanie Dinner, speaking the above, interview style (looking just off-camera)
2.5. When medium has been added to all of the inserts, cover the plate [2.5.1.-CU] and transfer the inserts to a 37°C, 5% CO2 incubator [2.5.2.-MED].

2.5.1. Shot of medium-covered inserts, then plate being covered

2.5.2. Talent placing plate into incubator

2.6. Now wash a flask of HIBCPP cells with 10 ml of PBS two times with swirling [2.6.1.-MED].
2.6.1. Few seconds Talent adding PBS to cells, with swirling, with PBS container visible in frame 
2.7. After the second wash, add 3 ml of 0.25% trypsin-EDTA to the cells [2.7.1.-CU] and swirl the flask [2.7.2.-CU]. Then incubate the cells for about 20 minutes [2.7.3.-CU].

2.7.1. Few seconds trypsin being added to cells, with trypsin container label visible in frame

2.7.2. [combined with 2.7.1] Few seconds flask being swirled

2.7.3. Flask being placed into incubator

2.8. At the end of the incubation, confirm that the cells have lifted from the bottom of the flask and display a round shape [2.8.1.-MED].  The cells do not detach completely from each other and are often found in agglomerates [2.8.2.-SCOPE]. 

2.8.1. Talent placing flask on microscope stage

2.8.2. Shot/Video of agglomerates (Videographer: Best representative imaging of agglomerates) (TEXT: Use cells up to passage 38)

2.9. Resuspend the culture with 17 ml of medium to stop the reaction [2.9.1.-MED] and transfer the suspension to a 50 ml tube [2.9.2.-MED].

2.9.1. Few seconds Talent adding medium to cells, with medium container visible in frame

2.9.2. Few seconds Talent adding cells to 50 ml tube

2.10. Then spin down the cells [2.10.1.-MED-TXT] and resuspend the pellet in an appropriate volume of medium for counting [2.10.2.-CU].

2.10.1. Talent placing tube(s) into centrifuge

2.10.2. Shot of pellet if visible, then few seconds cells being resuspended

2.11. Next, dilute the cells to a 1 x 106 cells/ml concentration [2.11.1.-MED] and invert the tube to evenly distribute the cells [2.11.2.-MED].

2.11.1. Few seconds Talent adding medium to cells

2.11.2. Few seconds Talent inverting tube

2.12. Then add 80 microliters of cells to the top of each filter insert [2.12.1.-CU-TXT].
2.12.1. Cells being added to at least one insert top (TEXT: i.e. 8 x 104 cells/insert)

2.13. When all of the inserts have been seeded, cover the plate [2.13.1.-MED] and return it to the incubator for overnight culture [2.13.2.-MED].

2.13.1. Talent covering plate

2.13.2. Talent placing plate into incubator

2.14. The next day, add 1 ml of medium to each well of a 24-well plate [2.14.1.-MED-over the shoulder].

2.14.1. Few seconds Talent adding medium to at least one well

2.15. Then, using forceps, lift each insert [2.15.1.-CU] and discard the medium inside [2.15.2.-CU], placing the inserts right side up in individual wells of the 24 well plate [2.15.3.-CU].

2.15.1. [2.15.1 to 2.15.3 combined] One insert being lifted 

2.15.2. Medium being discarded

2.15.3. Insert being placed right side up

2.16. Stefanie Dinner “When the filter inserts are flipped from the 12- well plate into the 24-well plate, be careful not to touch the filter membrane with the cells growing on top.” [2.16.1.-MED-interview style]
2.16.1. Stefanie Dinner, speaking the above, interview style (looking just off-camera)
2.17. Fill the inserts with 0.5 ml of fresh medium [2.17.1.-CU] and return the plate to the incubator [2.17.2.-CU], transferring the inserts into a new 24 well plate with fresh medium every 2 days, thereby replacing the medium in the upper compartment [2.17.3.-MED].

2.17.1. Few seconds medium being added to at least one insert, with medium container label visible in frame if possible

2.17.2. Plate being placed into incubator

2.17.3. Talent placing at least one insert into new plate, with old plate visible in frame 

3. Transepithelial electrical resistance (TEER) measurement
3.1. To measure the transepithelial electrical resistance, or TEER (Pronounce: tier [rhymes with “fear”), of the cells, first immerse the electrode tips of an epithelial tissue voltohmmeter into 80% ethanol [3.1.1.-WIDE].
3.1.1. Talent placing tips into ethanol

3.2. After 15 minutes, remove the electrode from the ethanol to allow the electrode to dry [3.2.1.-MED]. Then place the tips into an aliquot of cell culture medium for another 15 minutes [3.2.2.-MED].

3.2.1. Talent placing instrument into hood removes electrode from ethanol
3.2.2. Talent placing tips into medium

3.3. When the electrode has equilibrated, position the longer arm so that it touches the bottom of the lower compartment of one well of the cell culture plate [3.3.1.-CU] and the shorter arm so that it reaches into the filter insert compartment [3.3.2.-CU].

3.3.1. Few seconds longer arm being positioned

3.3.2. [combined with 3.3.1] Few seconds shorter arm being positioned

3.4. Measure the resistance values of the cell culture filter inserts in medium without cells to obtain the blank values [3.4.1.-CU-TXT]. Then measure the TEER of each of the seeded inserts [3.4.2.-CU].

3.4.1. Shot of readout of “blank” value [TEXT: TEER = (Measured value (Ω) – Blank value (Ω)) x Filter surface (i.e. 0.33 cm²)]
3.4.2. [combined with 3.4.1] Electrode being placed into seeded insert well OR shot of readout of “seeded insert” value The readout for the blank value is ca. 150, the readout for the “seeded insert” is ca. 450.
3.5. After measuring, place the electrode back into 80% ethanol for 15 minutes [3.5.1.-MED] followed by storage in a dry tube [3.5.2.-MED].
3.5.1. Few seconds Talent placing tips into ethanol

3.5.2. Few seconds Talent placing voltohmmeter into tube

3.6. When the TEER values of the HIBCPP-seeded inserts exceeds 70 ohms x cm² [3.6.1.-CU-TXT], renew the medium using fresh culture medium supplemented with 5 micrograms/ml of insulin and 1% FCS [3.6.2.-MED-TXT] and return the plate to the cell culture incubator overnight [3.6.3.-MED].
3.6.1. Shot of TEER value > 70 Use last TEER measurement of 3.4.1. (readout = 480). A readout of 480 will lead to a TEER of ca. 108. (TEXT: Approximately 4 d after seeding Also show again the formula for calculation of the TEER (TEER = (Measured value (Ω) – Blank value (Ω)) x Filter surface (i.e. 0.33 cm²)).)
3.6.2. Few seconds Talent adding medium to at least one well, with medium container label visible in frame (TEXT: Serum withdrawal after confluency = higher membrane potential formation)

3.6.3. Talent placing plate into incubator


4. Paracellular permeability determination
4.1. To determine the paracellular permeability of the insert cultures, add 50 micrograms/ml of freshly prepared FITC-Inulin in fresh serum-low culture medium to the upper filter compartment of each insert [4.1.1.-WIDE] and return the cells to the incubator [4.1.2.-MED].

4.1.1. ~10-12 s of Talent adding medium to a few wells (Video Editor: only as much action as needed for narrative)

4.1.2. Talent adding plate to incubator

4.2. When the cultures have reached a TEER of around 500 ohms x cm² [4.2.1.-CU], infect the cells with the bacterial suspension of interest at a multiplicity of infection of 10 [4.2.2.-CU-TXT] and return the cells to the incubator for the appropriate culture period [4.2.3.-CU]. 

4.2.1. Shot of TEER around 500 Suggestion: Show again the formula for calculation of the TEER (TEER = (Measured value (Ω) – Blank value (Ω)) x Filter surface (i.e. 0.33 cm²)).
4.2.2. Few seconds bacteria being added to at least one well, with bacteria container label visible in frame (TEXT: See text for bacterial culture preparation details)

4.2.3. Plate being placed into incubator

4.3.  [4.3.1.-CU] [4.3.2.-CU]. Then wash the cells three times by transferring the filter into a new well with 1 ml of serum free medium. Each time replace the medium in the filter compartment with 500 microliters of the same medium.
4.3.1. Few seconds filter compartment being washed, with medium container label visible in frame

4.3.2. [combined with 4.3.1] Few seconds lower compartment being washed
4.4. Finally, determine the concentration of Inulin that passed from the filter compartment through the cell layer after the bacterial infection by collecting medium samples from the lower well of each cell culture filter insert [4.4.1.-MED] and measuring all of the samples in a microplate reader against ten 1:2 FITC-Inulin standard dilutions [4.4.2.-MED-TXT].

4.4.1. 10-12 s of Talent collecting a few samples (Video Editor: only as much action as needed for narrative)

4.4.2. Talent placing plate in reader (TEXT: e.g. 100%, 50%, 25%, 12.5%, 6.25%, 3.13%, 1.56%, 0.78%, 0.39%, 0.2% and 0%).
5. Results: Representative HIBCPP barrier function analysis
5.1. HIBCPP cells exhibit specific barrier functions that enable them to restrict their molecular exchanges to a modest degree. For example, immunofluorescent analyses of the tight junction-associated proteins ZO-1 (Pronounce: zee-oh-one) [5.1.1.-LM], Occludin [5.1.2.-LM] and Claudin [5.1.3.-LM] reveal an uninterrupted signal at the sites of cell-to-cell contact, illustrating the interconnectedness of the cells by continuous strands of tight junctions [5.1.4.-LM].

5.1.1. 54061_Schwerk_Figure2ABC.tif: please highlight/indicate left image
5.1.2. 54061_Schwerk_Figure2ABC.tif: please highlight/indicate middle image
5.1.3. 54061_Schwerk_Figure2ABC.tif: please highlight/indicate right image
5.1.4. 54061_Schwerk_Figure2ABC.tif: in highlighted/indicated right image, please trace at least one red outline of at least one cell/between two cells to demonstrate uninterrupted tight injunction strand(2)
5.2. When cultured under the appropriate conditions, HIBCPP cells display a high membrane potential that reaches up to about 500 ohms x cm² without treatment [5.2.1.-LM], maintaining the typical barrier functions of the blood-cerebrospinal fluid barrier, like the formation of a membrane potential as well as a low permeability for macromolecules [5.2.2.-LM]. 
5.2.1. 54061_Schwerk_Figure4A.tif: please add/indicate blue control data bar
5.2.2. 54061_Schwerk_Figure4A.tif: please add/indicate red control data bar
5.3. As increasing concentrations of DMSO are applied, however, the TEER values decrease in a dose-dependent manner [5.3.1.-LM], with a similar significant drop in the TEER value observed after Cytocholasin D treatment [5.3.2.-LM].

5.3.1. 54061_Schwerk_Figure4A.tif: please add/indicate red DMSO data bars from 0.1 to 2 (right to left)
5.3.2. 54061_Schwerk_Figure4A.tif: please indicate red Cytochalasin D data bar
5.4. More, the addition of 2 vol% DMSO [5.4.1.-LM] or Cytocholasin D results in a corresponding significant permeability increase for FITC-Inulin flux [5.4.2.-LM]. 

5.4.1. 54061_Schwerk_Figure4B.tif: please add/indicate 2vol% DMSO data bar
5.4.2. 54061_Schwerk_Figure4B.tif: please add/indicate Cytochalasin D data bar
5.5. Further, the bacterial infection of the HIBCPP cells results in a significant invasion of the cell layer by two pathogenic bacterial strains, MC58 [5.5.1.-LM] and its capsule-deficient mutant [5.5.2.-LM], whereas only a minor invasion is observed for the apathogenic alpha14 strain [5.5.3.-LM].

5.5.1. 54061_Schwerk_Figure5.tif: please highlight/indicate top right images and MC58 data bar
5.5.2. 54061_Schwerk_Figure5.tif: please highlight/indicate bottom left images and MC58 siaD- data bar
5.5.3. 54061_Schwerk_Figure5.tif: please highlight/indicate top left images and alpha14 data bar
6. Conclusion (said by authors on camera)
6.1. Stefanie Dinner: While attempting this procedure, it’s important to remember not to touch the filter membrane after seeding the cells, as the intact HIBCPP cell layer will be disrupted by the contact.

6.2. Stefanie Dinner: Following this procedure, other methods, like in vitro transmigration assays, can be performed to answer additional questions about the mechanisms of immune and tumor cell migration across choroid plexus epithelial cells.

6.3. Stefanie Dinner: After its development, this technique paved the way for researchers in the field of pharmacology to explore the transport of substrates across the choroid plexus epithelium in vitro.

6.4. Stefanie Dinner: After watching this video, you should have a good understanding of how to prepare a HIBCPP cell-based model of the blood-cerebrospinal fluid barrier for basolateral infection with pathogens.

6.5. Stefanie Dinner: Don't forget that working with human pathogens can be extremely hazardous and that precautions, such as working under an appropriate safety hood, should always be taken while performing this procedure.   
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.  

5.1.1. – 54061_Schwerk_Figure2ABC.tif

5.2.1. – 54061_Schwerk_Figure4A.tif
5.4.2. – 54061_Schwerk_Figure4B.tif
5.5.1. – 54061_Schwerk_Figure5.tif
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.
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