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Title: Coculture system with an organotypic brain slice and 3D spheroid of carcinoma cells 

Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No, we needn’t video microscopy. I could provide some representative images from the microscope then we needn’t the video microscopy. (Only 3.4 and 4.1 might need that.)

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No, we didn’t include the detailed of software we used because this method could be applied with all kind of fluorescent microscopy. The software you need depends on the different microscope you use. All of our images were exported to the TIF format already and needn’t the software. If there is any, I would say: Step 3.5 might need the software named “Zeiss LSM Image Browser”_and Step 4.1 might need “Leica Application Suite Advanced Fluorescence ( LAS AF )”. 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Step 2.3, 2.4, 2.9 Step 3.2 and 3.3. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  Step 2.9 and 2.10 would be the most difficult part for the beginner and the most important for this step is to keep the membrane insert dry when you place the MCF7-gel matrix mix and remove the spacer. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:

Video Editor: Adria has asked Ron to generate some brain slices to replace the rectangular representation of a brain slice in the authors’ graphic. She says the brain slices will match his 4285 whole brain illustrations.  He will upload his work to the project folder, so you can look for them there. Please consult Adria if you have questions about how to use them.
The overall goal of this procedure is to visualize glial interactions directly during cerebral metastasis formation (Intro).

This is accomplished by first preparing organotypic brain slices from mice (P1, Editor, begin with zoomed in mouse, remove the brain slice from the head, and place it in the dish (between two brown columns and blue base.  Zoom in on plate with brain slice as you zoom out on mouse as shown).

Next, the organotypic brain slices are cocultured with carcinoma cells (P2, Editor, place the yellow matrigel plug into the bottom of the plate, then add the green tumor cells).

Then, stromal cells are fluorescently stained with specific markers (P3, Editor, bring in the red microglia and astrocyte staining symbols and attach them to the cells/brain slice as shown ).

Finally, the level of tumor invasion is evaluated with a fluorescent microscope (P4, Editor, bring in the microscope in P4 and shrink the image in P3 as you move it towards the scope.  Then show only the scope).

Ultimately, results can be obtained that show glia-cancer cell interaction and co-localization through immunofluorescence labeling and time-lapse, confocal microscopy (P5, Editor, show C1 through C3 from Figure 1).

Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.  
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   

1.1) Author name Tobias Pukrop: The main advantage of this technique over existing methods, like intracerebral injection of carcinoma cells, is that this model is an easy alternative and offers a good platform to observe the cellular interactions during tumor progression. 

1.2) Author name Eugenia Han-Ning Chuang: The implications of this technique extend toward the discovery of novel and selective therapies for tumor treatment, because resident stromal cells play important roles in metastasis and seem to be potential targets for cancer therapy.  

1.3) **Author name Tobias Pukrop: Demonstrating the procedure will be Eugenia Han-Ning Chuang a Post doc from my laboratory.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Organotypic Brain Slice Coculturing

2.1. TEXT on White Background: The study was reviewed and approved by the local ethics committee. Animals were treated carefully according to the guidelines for animal care at the University Medicine Göttingen.

2.1.1. Text of the above statement

2.2. Prior to the surgical procedure, prepare the dissection medium consisting of minimal essential medium supplemented with 0.2 mM glutamine, 100 U/ml penicillin, 100mg/ml streptomycin, and 4.5 mg/ml of glucose.

2.2.1. WIDE Talent at hood prepares medium 

2.2.2. CU Talent adds glutamine, penicillin, streptomycin, and glucose to MEM - have the solutions visible in background as they’re added

2.3. After decapitating mice from any mouse strain between postnatal day six and eight, using aseptic conditions, rapidly remove the brain from the skull and transfer it to dissection medium. 

2.3.1. CU Talent holds mouse skull and rapidly removes brain 

2.3.2. (added shot) CU Talent places in dissection medium

2.4. Remove the frontal pole and the cerebellum from the brain.  Then use cryo glue and 5% agarose to fix and stabilize the remaining brain tissue, composed of the cerebrum, on a stage.

2.4.1. CU Talent uses cryo glue to fix cerebrum on stage 

2.5. Using a vibratome, horizontally slice 350 um-thick sections. Depending on the species and age of the mouse, collect four to six whole brain slices from a single brain.

2.5.1. CU Talent uses vibratome to slice sections

2.6. After preparing the culture medium according to the text protocol, add 1 ml to each lower well of a 6-well transwell plate.  Then place each organotypic brain slice on a 0.4 um polycarbonate transwell membrane and insert them into the wells of the plate.

2.6.1. MED OS Talent adds culture medium to wells of 6-well plate

2.6.2. ECU Talent places a brain slice on a membrane and places it in a well

2.7. Incubate the slices overnight in a humidified atmosphere with 5% CO2 and 37ºC.

2.7.1. WIDE Talent places plate in incubator; 

2.8. The next day, embed 105 GFP-transfected tumor or other cells in 20 μl of gel matrix, consisting of 15% RPMI medium and 85% ECM gel.

2.8.1. ECU Talent embeds tumor cells in gel matrix

2.9. Place the MCF-7- gel matrix mix into sterile metallic spacers (TEXT: 3.8 mm diameter) directly adjacent to the cortical regions of the organotypic brain slices and incubate for 2 h (TEXT: 37ºC, 5% CO2).

2.9.1. ECU Talent places gel matrix with cells in spacer next to brain slice (incubate

2.10. After the incubation, remove the spacers and allow the 3D tumor spheroids to incubate with the brain slices for 24 to 96 hours.  Replace the culture medium every other day.

2.10.1. MED Talent removes spacers 

2.10.2. /CU Talent replaces culture medium

2.11. If desired, carry out live, time-lapse imaging using 10x magnification and an inverted confocal microscope.

2.11.1.  LAB MEDIA Schematic Overview and Supplementary figure.ppt - Slide 8, Editor, begin with the top image of the microscope and then transition to and zoom in on the bottom left and then bottom right images to show the moist chambers

3. Immunofluorescence and Imaging of Astrocytes and Microglia 

3.1. To stain the brain slice cocultures, fix them with 4% paraformaldehyde for 8 hours at 4ºC before washing the samples in PBST for 5 minutes. Then to block the samples, use normal goat serum in PBST at room temperature for 1h.

3.1.1. MED Talent adds 4% formaldehyde to samples

3.1.2. WIDE Talent places samples in fridge; B need another version for 3.2.2 below

3.1.3. MED/CU Talent adds PBST to wash samples

3.1.4. MED/CU Talent removes PBST wash and adds block solution

3.2. Next, stain the astrocytes by incubating the cocultures with anti-glial fibrillary acidic protein, or GFAP monoclonal antibody for 36 hours at 4ºC followed by goat anti-mouse-TRITC staining for 1 h at room temperature. 

3.2.1. CU Talent adds GFAP antibody to samples 

3.2.2. WIDE Use 3.1.2B here

3.2.3. MED/CU Talent adds TRITC and covers samples

3.2.4. added shot: CU: Wells on shaker

3.3. After washing the samples with PBST three times for 5 minutes each, stain the microglial cells with ILB4-Alexa Fluor 647 for 1 h at room temperature before counterstaining with DAPI for three minutes at room temperature.

3.3.1. MED/CU Talent adds PBST to samples for washing

3.3.2. CU Talent adds ILB4-647 antibody to samples and covers

3.3.3. added shot: CU: Wells on shaker

3.4. After using a fluorescent mounting medium to mount the coculture samples, image the samples using a fluorescent microscope with 25X magnification.

3.4.1. CU Talent adds mounting medium and a coverslip to a sample

3.4.2. MED/MED OVER SHOULDER Talent at scope imaging a sample with computer screen in view

3.5. Finally, evaluate the grade of tumor invasion based on the following scoring system (TEXT: “0” = none of the cells; “+” = < 1/3; “++” = 1/3 - 2/3; “+++” ≥ 2/3 of the invaded cells) that first measures the length of the contact section between the tumor plug and slice and then the fraction of contact detectable by the invading cells.

3.5.1. LAB MEDIA Schematic Overview and Supplementary figure.ppt - Slide 7 - Editor, show the image on one side and use bulleted text on the other side for the scoring system

4. Representative Coculturing Results-(second to last section) 

4.1. As shown here, all tested carcinoma cell lines invaded organotypic mouse brain slices, suggesting that the invasion process was species-independent.  

4.1.1. LAB MEDIA Figure 1A

4.2. This movie shows a time-lapse recording of direct glia-tumor cell interactions.  Stromal cells were observed invading the tumor-containing cell plug and interacting with the cancer cells, and cancer cells, in turn, invaded the brain slice.

4.2.1. LAB MEDIA Overview of brain slice and 3D spheroid cells coculture (24-144 h).mp4, Editor, cut out the first 4-5 seconds with the text on white background.  Begin with the brain slice/3D cell spheroids labels

4.3. Time lapse imaging over an extended period of time confirmed the viability of the brain slices and allowed the visualization of microglial cells entering the 3 dimensional sphere as well as cancer cells invading the brain slices. 

4.3.1. LAB MEDIA Figure 1 (B1-B2)

4.4. Moreover, as we have previously shown, microglia transport carcinoma cells by a still enigmatic mechanism and assist in the carcinoma invasion. Using immunofluorescence labeling, we demonstrated the co-localizations of tumor and stromal cells, both in brain tissue and in tumor cell plugs, suggesting a tight interaction between these cells during the invasion process. As can be seen here, comparable results were obtained when mouse brain slices were cocultured with either human (Figure 1C1-C3) or murine (Figure 1D1-D3) carcinoma cells—supporting the wide range of applications for studying cells from different species, genotypes and strains. 

4.4.1. LAB MEDIA Figure 1C1-C3 and 1D1-D3 Editor, point out the top row of panels (C1-C3) for human and the bottom row of panels (D1-D3) for murine carcinoma cells

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.

5.1 Author name Tobias Pukrop: This technique paved the way for researchers in the field of cancer metastasis to explore the impact of microenvironments during tumor colonization at a distant site.

5.2 Author name Eugenia Han-Ning Chuang: After watching this video, you should have a good understanding of how to visualize glia-cancer cell reactions during cerebral metastasis formation in a direct physiologically contact 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 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- Figure 1. Tif- Brain slice coculture model with a 3D spheroid of murine and human carcinoma cells. Triple color imaging of slice coculture system at 25X. 

4.1 (or after 2.10)- Video 1. mp4- Overview of brain slice and 3D spheroid cells coculture (24-144 h). Brian slice coculture model with a bright field microscope at 10X. 

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.

 2010, Journal of Visualized Experiments


