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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___Y____ If yes, please list make and model of your microscope: Leica DM IL 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Step1, cell culture of EMT induction.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The most difficult aspect is the successful induction of EMT. However, we already have the induced mesenchymal cells, which can guarantee this procedure during filming.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to detect changes in alternative splicing during EMT. (Intro)
This is achieved by utilizing an inducible EMT model, in which expression of the fusion protein Twist-ER in the human mammary epithelial cells triggers cells to under go EMT upon tamoxifen treatment. (P1)
As a second step, the expression of splice isoforms is analyzed by quantitative RT-PCR using isoform-specific primer sets, which reveals alternative splicing changes at the RNA level. (P2)  

Next, the abundance of protein corresponding to each isoform is determined by immunoblotting in order to confirm the expression of splice isoforms at the protein level. (P3)
Results are obtained that show changes in alternative splicing in genes of interest during EMT based on quantitative RT-PCR and immunoblotting analyses. (P4)

P1: LAB MEDIA: overview.ai, Panel 1, highlight the Day 0 region, followed by Day 2 and then Day 14

P2: LAB MEDIA: overview.ai, Panel 2, start with the pre-mRNA on top and then bring in the exon-inclusion on the left and finally exon-skipping on the right

P3: LAB MEDIA: overview.ai, Panel 3, start with both isoforms on the top and then pan to the immunoblotting film below

P4: LAB MEDIA: overview.ai, Panel 4 (the three graphs in the lower left corner) Start with the left most graph and then pan over to the next two
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Chonghui Cheng: This method can help answer key questions in the field of RNA alternative splicing and EMT, such as how alternative splicing is regulated during EMT and how this regulation affects EMT and EMT-related pathological processes.
1.2. Huilin Huang: The implications of this technique extend toward cancer therapy, because EMT plays an important role in promoting tumor invasion and metastasis.

1.3. Yilin Xu: Though this method can provide insight into alternative splicing during EMT, the method for isoform-specific mRNA detection can also be applied to other systems, such as studying alternative splicing in neuronal differentiation and program cell death.

Protocol (read by voice talent at JoVE):
2. EMT (Epithelial-Mesenchymal Transition) Induction

2.1. The first step is to plate cells expressing the Twist-ER {pronounce “twist-E-R”} fusion protein. Seed the cells into a 10cm tissue culture dish in duplicate.
2.1.1. WIDE: Talent approaches tissue culture hood. 
2.1.2. MED: Talent seeds cells. Text Overlay (1.6 × 106 cells ,HMLE/Twist-ER)
2.2. Next, prepare and light-protect the tamoxifen solution.
2.2.1. MED: Talent prepares TAM solution. Text overlay (200 μM, TAM: 4-hydroxytamoxifen)
2.3. To induce the epithelial-mesenchymal transition, or EMT, treat cells with 20 nM tamoxifen-containing media.
2.3.1. MED: Talent treats cells with EMT
2.4. For a non-tamoxifen-treated control group, add 0.01% ethanol to an additional set of cells. 
2.4.1. MED: Talent prepares control group
2.5. Two days after incubation, take pictures under a light microscope at 10 x magnification to record any morphological changes. 
2.5.1. MED: Talent approaches microscope with cells {2.5.1/2 best take}
2.5.2. SCOPE: View of the cells two days after incubation
2.6. Next, wash the cells with cold PBS. Scrape the cells from one half of the plate into RNA lysis buffer for RNA isolation and the other half in 100 µls of ice-cold RIPA buffer for protein analysis.  
2.6.1. MED: Talent washes cells
2.6.2. MED: Talent scraps half the plate for RNA isolation
2.6.3. MED: Talent scraps other half for protein analysis
2.7. Passage the cells from both groups as shown earlier and continuously treat with 20 nM tamoxifen or vehicle.
2.7.1. MED: Talent passes cells
2.7.2. MED/CU: Shot of labeled plates 
2.8. Repeat these steps every other day until day 14, at which time, tamoxifen-treated Twist-ER cells should show a spindle-shaped mesenchymal morphology, whereas vehicle-treated control cells should maintain the cobblestone-like epithelial morphology.
2.8.1. WIDE: Talent approaches work area
2.8.2. SCOPE: Example of spindle shaped cells
2.8.3. SCOPE: Example of cobblestone like cells
3. Detection of Splice Isoforms using qRT-PCR 
3.1. Here, a four-exon pre-mRNA is used as an example (3.1.1). For detection of exon inclusion, design a forward primer inside the variable exon 3 (3.1.2), and a reverse primer inside the nearby constitutive exon 4, allowing for the specific amplification of the variable exon-included isoform (3.1.3).
3.1.1. LAB MEDIA: Figure 1.tif 
3.1.2. LAB MEDIA: Figure 1.tif, on the left hand side, circle or highlight the red arrow under the 3
3.1.3. LAB MEDIA: Figure 1.tif, on the left hand side, circle or highlight the red arrow under the 4
3.2. To specifically amplify exon skipping events, design primers spanning the junction of the constitutive exon 2 and exon 4 that would otherwise be destroyed when variable exon 3 is included. Design the other primer inside the constitutive exon 4.
3.2.1. LAB MEDIA: Figure 1.tif, on the right hand side, circle or highlight the blue arrow under the 2
3.2.2. LAB MEDIA: Figure 1.tif, on the right hand side, circle or highlight the blue arrow under the 4
3.3. To detect the total transcripts of the gene and avoid PCR products amplified from genomic DNA or pre-mRNA, design primers within two constitutive exons.
3.3.1. LAB MEDIA: Figure 1.tif circle or highlight the black arrows under 1 and 2 on both sides
3.4. When ready, follow standard RNA extraction procedures to isolate the RNA from the cell samples collected earlier. Determine the concentration and quality of RNA by UV absorption.
3.4.1. MED: Talent performs RNA extraction
3.4.2. MED: Talent determines RNA concentration
3.5. To synthesize the first-strand cDNA, set up reverse transcriptase reactions in a final volume of 20 μl.
3.5.1. MED: Talent sets up reactions. Text overlay (See text protocol for details)
3.6. Perform RT reactions at 42°C for 1 hour, followed by incubation at 70°C for 5 minutes to inactivate the RT enzyme.
3.6.1. MED: Talent places reactions at 42C
3.6.2. MED: Talent places reactions in incubator
3.7. For real-time PCR, set up 20 μl reactions that consist of 10 μl of SYBR green master mix, 0.1-1.0 μl of cDNA template, and 5 pmol forward and reverse primers. 
3.7.1. MED: Talent sets up reactions as described
3.8. Run real-time PCR with 40 cycles in triplicate.
3.8.1. MED: Talent places the reactions in thermalcycler and sets parameters. Text overlay (95°C denaturation for 10 sec, 58°C annealing for 10 sec, and 60°C extension for 30 sec)
3.9. Check the dissociation curves and make sure that a single peak is observed for each primer set.
3.9.1. MED: Talent checks dissociation curves
3.10. Obtain the quantification cycle values by calculating the second derivative values of the amplification curves.
3.10.1. MED/SCREEN: Talent calculates quantification cycle values {3.10.1/2 best take}
3.11. Calculate the relative quantity of target mRNAs in induced samples as compared to the uninduced sample using the ‘delta delta Cq (ΔΔCq)’ method as shown by this formula. 
3.11.1. MED/SCREEN: Talent calculates relative quantity of DNA
3.11.2. MED: Talent calculates delta delta Cq (ΔΔCq). Text overlay the formula below and/or LAB MEDIA 51845eq1.jpg
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4.  Examination of Splice Isoforms at the Protein Level
4.1. Leave the cells collected for protein analysis on ice for approximately 10 minutes before centrifuging and collecting the supernatant.
4.1.1. MED: Talent places samples in centrifuge. Text overlay (14,000x g for 10 minutes at 4°C)
4.1.2. MED: Talent collects supernatant
4.2. After determining the protein concentration, dilute the samples in SDS loading buffer and load 20-40 μg of proteins into 10% SDS-PAGE gels.
4.2.1. MED: Talent loads gel
4.3. Run SDS-PAGE gels at 20 mA for 1.5 hours. 
4.3.1. MED: Talent runs loaded gel
4.4. After this time, transfer proteins to PVDF membranes in a wet transfer system at 4°C for 3 hours at 85 V. Adjust the transfer time according to the molecular weight of the target proteins.
4.4.1. MED: Talent sets up transfer system
4.4.2. MED: Talent starts the transfer
4.5. Next, block the membrane in 5% non-fat milk for 30 minutes to 1 hour at room temperature.
4.5.1. MED: Talent sets up membrane blocking
4.5.2. [added] Talent places membrane on shaker.
4.6. Incubate the membrane with a primary antibody at 4°C overnight.
4.6.1. MED: Talent adds primary antibody. Text overlay (See text protocol for details) { Steps 4.6 and 4.7 needs to be one whole process. Correct order for shots would be Talent adds antibody then walks to cooler, and then places on shaker inside of cooler to incubate. }
4.7. The primary antibody recognizes the epitope in the constitutive exon coding region and detects splice isoforms simultaneously based on their different protein sizes.
4.7.1. MED: Talent approaches lab bench
4.7.2. MED: Talent adds antibody
4.8. At the same time, monitor EMT by immunoblotting for EMT markers. Use E-cadherin, γ-catenin, and occludin as epithelial markers, and fibronectin, N-cadherin and vimentin as mesenchymal markers.
4.8.1. MED: Talent sets up immunoblotting for EMT markers
4.8.2. MED/CU: Shot of labeled tubes containing the names of the markers described or Talent holds one up as an example
4.9. The next day, wash the membrane three times with TBS-T in 5-minute intervals.
4.9.1. MED: Talent washes membrane
4.10. Next, incubate the membrane with an HRP-conjugated secondary antibody in a 1:10,000 dilution for 1 hour at room temperature.
4.10.1. MED: Talent applies secondary antibody
4.11. After this time, wash the membrane three times with TBS-T at 5-minute intervals.
4.11.1. MED: Talent washes membrane
4.12. Finally, visualize the proteins with a chemiluminescence detection system and expose the membrane to an autoradiography film.
4.12.1. MED: Talent sets up detection system
4.12.2. MED: Talent holds up completed film or walks into the processing room
5. RESULTS: Alternative Splicing during Epithelial-Mesenchymal Transition
5.1. Twist-induced EMT was characterized by a transition from a cobble-stone like epithelial phenotype (5.1.1) to an elongated fibroblastic phenotype (5.1.2), displaying the absence of epithelial markers E-cadherin, γ-catenin and occludin and the upregulation of mesenchymal markers fibronectin, N-cadherin, and vimentin (5.1.3). Furthermore, EMT was assessed by the loss of E-cadherin localization at cell-cell junctions (5.1.4).
5.1.1. LAB MEDIA: 51845_Cheng_Figure1.tif 
5.1.2. LAB MEDIA: 51845_Cheng_Figure2.tif
5.1.3. LAB MEDIA: 51845_Cheng_Figure3.tif 
5.1.4. LAB MEDIA: 51845_Cheng_Figure4.tif
5.2. Depicted here are the primer designs for the detection of CD44 splice isoforms. The primer locations are indicated by the different colored arrows (5.2.1). The results from qRT-PCR analyses indicate a significant decrease in CD44v mRNA (5.2.2) and increase in CD44s mRNA after 14 days of TAM treatment (5.2.3). By contrast, the total transcript of CD44 remained unchanged during EMT (5.2.4). Consistent with the results of qRT-PCR, the protein level of CD44v declined remarkably, whereas expression of the CD44s protein was greatly upregulated (5.2.5).

5.2.1. LAB MEDIA: 51845_Cheng_Figure5.tif
5.2.2. LAB MEDIA: 51845_Cheng_Figure6.tif
5.2.3. LAB MEDIA: 51845_Cheng_Figure7.tif
5.2.4. LAB MEDIA: 51845_Cheng_Figure8.tif
5.2.5. LAB MEDIA: 51845_Cheng_Figure9.tif
6. Conclusion (said by authors on camera)

6.1. Huilin Huang: While attempting this procedure, it’s important to remember that successful induction of EMT is very crucial. Thus, EMT must be carefully confirmed with various methods such as detection of changes in cell morphology, expression of EMT markers, and localization of E-cadherin on cell surface.

6.2. Yilin Xu: Following this procedure, other methods like splicing reporter minigene assay can be performed in order to answer additional questions like how do cis-acting elements and trans-acting factors affect alternative splicing regulation.

6.3. Chonghui Cheng: After its development, this technique paved the way for researchers in the field of RNA biology, developmental biology, and cancer biology to explore alternative splicing regulation during normal development and cancer metastasis.
Provided Media

Authors, please list all additional* 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, 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.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

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, as well as an introduction to your videographer, closer to your filming date.

( 2011, Journal of Visualized Experiments


