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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

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.) 3.4; 4.3; 4.4; 5.2; 5.4
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) _4.4, 5.2

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to study the diseases caused by epithelial barrier dysfunction by measuring intestinal epithelial cell permeability in vitro and in vivo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Wei-Qi He: This method can help answer key questions in the intestinal barrier function field, such as those related to inflammatory bowel disease. 

1.2. Wei-Qi He: The main advantage of this technique is that intestinal epithelial cell permeability can be assessed both in vitro and in vivo.   

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

1.1. Jia Wu : The implications of this technique extend toward therapy or diagnosis of gastrointestinal diseases, because intestinal epithelial barrier dysfunction contributes to those diseases.  
1.2. Ban-Ruo Li: Though this method can provide insight into intestinal barrier function, it can also be applied to other systems, such as drug toxicity studies and barrier integrity of other cell types.
1.3. Zhi-Hui Jiang : Visual demonstration of this method is critical as some steps are difficult to learn, and an accurate operation on the mouse cannot be understood by textual description.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of Cambridge-Suda Genomic Resource Center (CAM-SU), Soochow University
Protocol: (read by voice talent at JoVE)
2. Plating and Maintenance of Caco-2bbe on Porous Polycarbonate Membranes

2.1. To begin, grow Caco-2bbe cells in a T75 flask with medium [1-WIDE-TXT]. Feed the flasks regularly, depending on the cell density [2-MED/CU-TXT].
2.1.1. Talent places flask of cells with medium in incubator (TEXT: DMEM containing 10% FBS)
2.1.2. Talent replaces or adds medium to flask to feed cells (TEXT: Refer to text protocol for additional details)
2.2. When the cells are 80% confluent, remove the medium and use 1 – 2 mL of sterile PBS without calcium to rinse them [1-CU].  Add 1.5 mL of Trypsin-EDTA and gently rock the flask [2-CU].  Then, place it in the 37 °C incubator for 20 min without rocking [3-WIDE].
2.2.1. Talent finishes removing medium and adds PBS to rinse cells
2.2.2. Talent adds trypsin and rocks flask
2.2.3. Talent places cells into incubator
2.3. While the cells are trypsinizing, place inserts containing porous polycarbonate membranes into 24-well plates [1-MED/CU-TXT]. Then add 1 mL of culture medium into the basal chamber, which is the lower space of the membrane [2-CU].
2.3.1. Talent places inserts into 24-well plates (TEXT: Pore size, 0.4 µm; surface area, 0.33 cm2; see Table of Materials)
2.3.2. Talent adds culture medium to the lower spaces of the membrane
2.4. Add 5 mL of medium to the flask and vigorously pipet the cells against the inside of the flask 5 - 10 times to separate the culture into loose, individual cells or 2 - 3 cell clumps [1-CU].
2.4.1. Talent adds medium and then vigorously pipettes cells against inside of flask 

2.5. Plate 0.166 mL of the cells into the apical chamber, which is the upper space of the membrane [1-CU-TXT]. Then incubate the plates at 37 °C for up to 3 weeks [2-WIDE].
2.5.1. Talent plates cells in the apical chamber (TEXT: 1:8 dilution ratio)
2.5.2. Talent places plates into incubator
2.6. Feed the cells three times weekly by using a pressure pump to carefully aspirate the medium from the basal compartment of each well [1-CU]. Then gently drip 1 mL of medium into the apical chamber of each insert [2-ECU].
2.6.1. Talent uses pump to aspirate medium from basal compartment of wells
2.6.2. Talent gently drips medium into apical chamber of an insert then moves to next insert 
3. Use of Epithelial Meter for Measuring Transepithelial Electrical Resistance
3.1. For cytokine studies, one day before Transepithelial Electrical Resistance, or TER measurements [1-MED], replace the basal medium with medium containing 10 ng/mL of IFN( [2-MED/CU]. On the day of the experiment, replace the medium with HBSS containing 2.5 or 7.5 ng/mL of TNF [3-MED/CU].
3.1.1. Talent sitting at hood removing medium from flask
3.1.2. Talent adds medium with IFN(
3.1.3. Talent removes medium and replaces with HBSS/TNF 
3.2. To correct the meter, insert the correction electrode into the Input port, and choose “Ohm” mode [1-CU]. Then use a screwdriver to adjust the R Adj screw until the meter displays a reading of 1,000 Ω [2-CU].
3.2.1. Talent inserts correction electrode into input port and chooses Ohm mode
3.2.2. Talent adjusts R Adj screw with screwdriver and meter eventually reads 1,000 Ω
3.3. Sterilize the electrodes in 70% ethanol for 15 - 30 min, and allow them to air dry for 15 s [1-MED/CU]. Then rinse the electrodes in experimental cell culture medium [2-CU].
3.3.1. Talent removes electrodes from 70% ethanol then sets them down to air dry
3.3.2. Talent rinses electrodes with cell culture medium 
3.4. Next, turn on the power, and choose “Ohm” mode [1-CU]. While keeping the electrodes vertical, carefully place the long ends of the electrode bridges into the basal chamber ensuring that they touch the dish [2-CU]. Then place the short ends into the apical chamber, ensuring that they stay below the surface of the medium but above the tissue culture inserts [3-CU].
3.4.1. Talent turns on power and chooses ‘Ohm’ mode
3.4.2. Talent keeps electrodes vertical and places long ends of bridges into basal chamber with both touching the dish
3.4.3. Talent places short ends in apical chamber below surface of medium, not above inserts 
3.5. Measure the resistance of the sample and blank inserts at 0, 1, 2, 3, and 4 h after cytokine treatment [1-CU-TXT]. Then record the resistance [2-CU].
3.5.1. Talent measures resistance of sample and blank inserts (TEXT: i.e., the culture inserts without cells but with HBSS)
3.5.2. Talent records resistance for a time period (have earlier time periods already recorded and visible)
3.6. To achieve consistency across different plate formats [1-MED/CU], calculate the product of the resistance and the effective membrane area as shown here.  For 24-well inserts, the effective membrane area is 0.33 cm2 [2-TEXT ON WHITE BACKGROUND].
3.6.1. Talent points out a few different plate formats on bench
3.6.2. Text of the following calculation TEXT:([image: image1.emf]


Unit	Area	Resistance	 Ω ∙ cm0 = Resistance	 Ω ×Effective	Membrane	Area	(cm0) 










);  Editor, as an alternative, show a freeze frame from the end of 3.6.1 and have the text note with a white background at the bottom of the screen.
4. Murine Model of Dextran Sulfate Sodium (DSS)-induced Colitis
4.1. To induce colitis, add DSS to autoclaved water to a final concentration of 3.5% wt/vol [1-CU]. Then use the DSS solution to replace the drinking water in the cages of 8-week-old male C57BL/6 mice for a total of 7 days [2-MED/CU]. Give regular drinking water without DSS to control mice [3-MED/CU].
4.1.1. Talent adds DSS to water
4.1.2. Talent replaces drinking water in cages with DSS water
4.1.3. Talent gives a control cage plain water 
4.2. After day 7, switch the DSS water to regular drinking water [1-CU].   Each day, weigh the mice and assess the clinical scores [2-MED/CU] as defined according to the disease severity by four parameters: rectal prolapse, stool consistency, bleeding, and activity. Sum the scores from these parameters for a final clinical score [3-TEXT ON WHITE BACKGROUND].
4.2.1. Talent replaces DSS water with regular drinking water in cage
4.2.2. Talent weighs a mouse with other mice in cage in frame and continues to weigh animals; Videographer, get enough footage here for the 4.2.3 for the possibility of placing 4.2.3 as a split screen with this shot.
4.2.3. TEXT: Rectal prolapse (0 - 2), stool consistency (0 - 2), bleeding (0 - 2), and activity (0 - 2)); Editor, add in each entry one under the other as it is mentioned in the VO.  Then for the last sentence, add a line under the list of potential values and type in ‘Clinical Score’ under the line.  This can either be the entire screen, or, if it will fit, make it a split screen with 4.2.2
4.3. To analyze the histopathological condition of colon tissue 7 days post DSS treatment, after euthanizing mice according to the text protocol, isolate the colon and cecum, and measure the length of the colon [1-CU].
4.3.1. Talent places colon and cecum into dish or on surface for measuring, points out the colon, then the cecum, then measures the length of the colon
4.4. Cut 0.5 cm segments from the distal colon and fix the tissue in a 15 mL falcon tube containing 10 mL of 10% formalin overnight [1-CU]. Wash the fixed tissues with graded ethanol and xylene [2-CU-TXT]. Then embed the tissues in paraffin and cut 6 mm sections for the hematoxylin & eosin staining [3-CU].
4.4.1. Talent places cut sections into falcon tube of formalin
4.4.2. Talent moves sections from one percent of ethanol to the next with each grade visible and with xylene labeled and visible (TEXT: 75, 95, and 100%)
4.4.3. Talent cuts paraffin embedded tissue sections
5. Measuring the Epithelial Barrier Permeability in DSS-induced Colitis Mice
5.1. To measure epithelial barrier permeability in DSS-induced mice, 7 days after the start of DSS administration, fast the mice for 3 h [1-MED/CU].
5.1.1. Talent removes food from mouse cage

5.2. Autoclave a gavage needle to ensure sterility [1-MED/U], then use 150 μL of 80 mg/mL 4 kDa FITC-dextran in sterile water to gavage the mice [2-MED/CU], and keep the unused FITC-dextran to measure the standard curve after serum collection [3-CU].
5.2.1. Talent removes gavage needle from autoclave
5.2.2. Talent inserts gavage into animal
5.2.3. Remaining FITC-dextran in labeled container on bench
5.3. Next, weigh the mice for the permeability calculation [1-MED/CU].  Four h later, after anesthetizing the mice by i.p. injection, confirm proper anesthetization by the lack of reflexes and whisker movement [2-CU-TXT].  Then place the mice on a heat block for 5 min [3-MED/CU].
5.3.1. Talent weighs mice
5.3.2. Talent checks reflexes and whiskers for anesthetization (TEXT: 1.2% (vol/vol) Avertin; 0.3 mL/10 g body weight)
5.3.3. Talent places a mouse on a heat block
5.4. Using a razor blade, clip a 1 cm piece of the tail [1-CU], and collect 100 μL of blood from the tail into a serum collection tube [2-CU]. Spin the collected blood at 10,000 x g and room temperature for 10 min [3-MED].
5.4.1. Talent clips tail with razor blade
5.4.2. Talent collects blood from tail into serum collection tube
5.4.3. Talent places tubes into centrifuge and sets speed and time and starts spin
5.5. With water, dilute the serum 1:4 [1-CU]. Then to make a standard curve, use water to prepare dilutions of the unused FITC-dextran [2-CU-TXT].  Add 100 μL/well of the serum and the standard curve samples into 96-well plates [3-CU].
5.5.1. Talent dilutes the serum with water
5.5.2. Talent prepares dilutions of FITC-dextran (TEXT; Refer to the text protocol for dilutions)
5.5.3. Talent adds serum and standard curve samples to a 96-well plate
5.6. Using a plate reader, read the fluorescence at an excitation of 485 and an emission of 528 [1-MED/CU]. Calculate the permeability values based on the standard curve, and multiply by 4 to correct for the dilution [2-LM].
5.6.1. Talent inserts a plate into the plate reader and reads fluorescence at 485/528
5.6.2. LAB MEDIA:  Authors to provide: Worksheet showing standard curve values and dilution correction 
5.7. Divide the concentration of FITC-dextran by the weight to normalize the values.  This helps to normalize the difference in FITC-dextran delivery if mice are sick and have lost weight [1-LM].

5.7.1.  LAB MEDIA Authors to provide: Worksheet from above now with FITC-dextran divided by weight
6. Results: Measure of Permeability of Intestinal Epithelial Cells
6.1. The Caco-2BBe cells shown here were labeled with nuclei and F-actin stains to show the differences between undifferentiated and differentiated cells. Stress fibers are clearly seen in undifferentiated cells.  Differentiated cells have a smaller volume, larger nuclei, and fewer stress fibers than undifferentiated cells [1-LM].
6.1.1. LAB MEDIA Figure 1, Editor, add in the top ‘Nuclei’ and ‘F-actin’ labels when each is mentioned.  Then add in ‘Undifferentiated’ and ‘Differentiated’ when they are mentioned.  For the second sentence, point out some of the fiber-like lines in the ‘F-actin/undifferentiated’ panel (the bottom left cell has many).  For the last sentence, use a few arrows to point out the large blue nuclei in the ‘differentiated/merge’ panel.
6.2. TNF is central to intestinal barrier loss through MLCK-dependent tight junction regulation. As seen in this figure, TNF significantly decreases the TER of the Caco-2BBe monolayer in a dose-dependent manner, suggesting that TNF increases epithelial permeability [1-LM]. 
6.2.1. LAB MEDIA Figure 2, Editor, for the first sentence, add in the X-axis label.  For the figure legend, add in the black line, then the red line, then the blue line, one at a time during the second sentence and add in the Y-axis label when TER is mentioned.
6.3. Compared to their initial body weight, mice treated with DSS lose a significant amount of weight [1-LM].  The severity of colitis is scored by rectal prolapse, stool consistency, bleeding, and activity [2-LM].
6.3.1. LAB MEDIA Figure 3A, Editor, add in the blue line then the red line in the figure legend one at a time here.
6.3.2. LAB MEDIA Figure 3B, Editor, add in the Y-axis label and then the X axis labels with this sentence.
6.4. Cross sections of colonic tissues stained with hematoxylin & eosin show colonic mucosal damage in DSS treated mice [1-LM].  In addition, the length of colon crypt as well as the colon itself is decreased in DSS treated mice [2-LM].
6.4.1. LAB MEDIA Figure 3C, Editor, for the left panel add in ‘Water’ at the top or underneath and for the right panel, add in ‘DSS Treated’
6.4.2. LAB MEDIA Figure 3D and E, Editor, for the length of the colon crypt, add in panel D, then add in panel E next to it for the colon length (you may have to remove panel C here).
6.5. Finally, there is an approximately 2-fold increase in the levels of FITC-dextran staining in DSS treated mice compared to control mice [1-LM]. 

6.5.1. LAB MEDIA Figure 3F, Editor, add an arrow coming from below to point up at the red bar for the DSS treated mice.
7. Conclusion (said by authors on camera)

7.1. Hua-Shan Li : While attempting this procedure, it’s important to remember to minimize error by standardizing operation procedures and utilizing statistical methods.

7.2. Zhi-Hui Jiang : After its development, this technique paved the way for researchers in the field of intestinal barrier function to explore gastrointestinal diseases in both model organisms and cell lines.

7.3. Hua-Shan Li : After watching this video, you should have a good understanding of how to determine intestinal epithelial permeability by measuring the TER, gavaging FITC-dextran, and observing morphological and histochemical changes.
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.
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