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A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) N

B.   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 steps.

- Correct labeling of the collagen, by showing the final color of the labeled collagen  (after step 1.9);

- Cell spheroids being placed in 3D on the collagen mix, far enough from both bottom and top of the collagen drop (steps 3.5 and 3.7);

- Complete polymerization of the collagen drops and careful addition of culture media to avoid their detachment from the glass bottom (steps 2.6, 2.7 and 3.8, 3.9).

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Embedding cell spheroids in 3D. To ensure spheroids are more than 100 µm away from both bottom and top of the collagen drop, I let the collagen briefly polymerize for 2-5 min. If this is still not enough and the spheroid sinks, I invert the dish for approximately 2 min, returning it after to its upright position. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to observe the morphology of cancer cells and their interaction with the extracellular matrix in 3D cultures. (Intro) 
This is achieved first by labeling rat tail collagen I with the red fluorescent dye TAMRA to allow visualization of the 3D collagen networks. (C1) 
In the second step, cancer cells grown as single cells or multicellular spheroids are embedded in the 3D TAMRA-labeled collagen matrices. (C2) 
The cells are then allowed to disperse throughout the collagen for 1-3 days, mimicking the invasion and migration of cancer cells into the surrounding 3D stroma in vivo. (C3) 
Next, the cells are fixed and immunostained with the appropriate antibodies and phalloidin to visualize the cell morphology and localization of the proteins of interest. (C4) 
Ultimately, the distinctive morphology of cancer cells cultured in 3D and their interaction with the 3D extracellular matrix can be analyzed through the acquisition of deep z-stacks of the samples by confocal microscopy. (C5)
From GraphicOverview_Geraldo.pptx

(C1) from C1 graphic, show first tube with blue collagen fibers, then have pipette drip red dye into tube like C1 graphic (red dye/blue collagen) with “Rat tail Collagen I” text, then collagen turns red like C1 graphic (red dye/red collagen), then show far right tube (clear tube/red collagen) with text “TAMRA-labeled Collagen I”
(C2) from C2 graphic, show two empty petri dishes and two TAMRA-Collagen Mix tubes like the far right C2 graphic (tube with red and blue collagen); 

with “cancer cells grown as single cells” please show pipette dispensing single yellow cells into one tube of collagen mix like “mix single cells” C2 graphic tube in top left, then tube pours into one empty petri dish resulting in a rounded pink matrix with single yellow cells up near top of mound and “TAMRA-Collagen Mix with single cells” appears; 

with “multicellular spheroids” have second tube pour into second petri dish to make pink rounded matrix, then show close up of pipette tip dispensing yellow ball of cells into matrix and have “TAMRA-Collagen Mix with cell spheroids” appear


(C3) Show same petri dishes from (C2) animation, but have cells in each petri dish disperse throughout each matrix
(C4) zoom into one dish from (C3) animation, then from C3 graphics, have yellow “fixative” fill dish up to top of matrix with “Fixation and extraction” text, then have dark grey antibodies descend and attach to matrix, then light grey-with-green antibodies descend and attach to dark grey antibodies with “Immunostaining” text, then turn yellow cells green/have fixative and antibodies disappear, then and have objective appear under dish with “Confocal imaging” text 

(C5) Fig1.psd

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sara Geraldo: This method can help answer key questions in the cell migration field by contributing to a better description of the molecular composition, localization and functions of cellular structures in 3D environments that for many years were analyzed in 2D.

1.2. **Sara Geraldo: Demonstrating the procedure with me will be Anthony Simon, a technician from our laboratory.

1.2.1. Interview style: Author saying the above. The named technician looks up from desk and acknowledges the camera. {Comment: Both shots 1.2.1 and 1.2.2 were filmed together and named 1.2.1}
1.2.2. The named technician looks up from desk and acknowledges the camera. 
Protocol (read by voice talent at JoVE):
2. TAMRA Collagen I labeling (17)
2.1. To label collagen I with TAMRA, begin by slowly filling a 1 ml disposable syringe with 1 ml of highly concentrated rat tail collagen I solution, avoiding air bubbles. 
2.1.1. WIDE CU: Few seconds Talent filling syringe with collagen (TEXT: All steps 4°C unless otherwise indicated)
2.1.2. CU ECU: Few seconds of collagen being pulled into syringe without bubbles
2.2. Attach a 21-gauge hypodermic needle, and then inject the collagen into a pre-soaked 3 ml dialysis cassette with a 10,000 dalton protein MW cut off, taking care not to damage the membrane with the needle. 
2.2.1.bis. Added shot: CU: Talent attaches needle to syringe. {Comment: Added shoot to be included before shot 2.2.1.}
2.2.1. MED: Talent attaches needle to syringe, then injects collagen into cassette. CU: Few seconds of collagen being injected into cassette
2.2.2. CU: Few seconds of collagen being injected into cassette {Comment: Shot removed since videographer decided not to do a MED shot; only a CU}
2.3. Pull back the plunger to remove all the air from the cassette and then dialyze the collagen overnight against 1 liter of Labeling Buffer.
2.3.1. CU ECU: Few seconds of plunger being pulled back/air being remover from cassette

2.3.2. MED: Talent places cassette/collagen into dialyzer

2.3.3. MED: Talent places beaker on agitator
2.4. The next morning, carefully remove the collagen from the dialysis cassette and then mix 1 ml of the dialyzed collagen solution with 1 ml of cold, freshly diluted TAMRA solution in a 2 ml microcentrifuge tube.
2.4.1. CU: Few seconds of collagen being removed from cassette
2.4.2. MED: Talent adds then mixes 1 ml TAMRA solution to 1 ml collagen in a microcentrifuge tube
2.5. Incubate the tube overnight with rotation wrapped in foil. {Comment: The sentence was not clear enough}
2.5.1. MED: Few seconds Talent wrapping microcentrifuge tube with foil. 
2.5.2. MED: Talent places tube on rotator
2.6. The next morning, transfer the TAMRA-labeled collagen into a pre-soaked dialysis cassette and dialyze the collagen overnight against 1 liter of Labeling Buffer to remove the excess dye.
2.6.1. CU: Few seconds of Talent adding TAMRA-labeled collagen to cassette 
2.6.2. MED: Cassette being placed into dialyzer wrapped with foil.

2.7. Then, to preserve the TAMRA-labeled collagen, place the dialysis cassettes into 1 liter of 0.2% volume per volume acetic acid solution with a pH of 4 and dialyze the cassettes overnight again.
2.7.1. MED: Talent places cassette(s) into dialyzer wrapped with foil.
2.8. The next morning, transfer the TAMRA-labeled collagen from the dialysis cassette into a microcentrifuge tube. Using a micropipette, measure the final volume of the collagen. 
2.8.1. MED CU: Few seconds Talent dispensing collagen into microcentrifuge tube

2.8.2. CU: Shot of collagen in pipette (Video Editor: Please add with arrow pointing to top of collagen OR bracket next to tip indicatting volume of collagen within tip OR similar animation to suggest determinarion of volume)
2.9. Then calculate the final concentration of the TAMRA-labeled collagen, considering the initial volume and concentration of the collagen solution used, and store the dyed collagen at 4ºC, protected from light.
2.9.1. MED: Few seconds Talent at bench, calculating volume (TEXT: Cf = (Ci*Vi)/Vf; Cf = final collagen concentration; Ci = initial collagen concentration; Vi = initial collagen volume; Vf = final collagen volume) (Video Editor: Ok to overlay entire text over shot)
2.9.2. MED: Talent placing tube wrapped in foil at 4°C

3. 3D TAMRA-Collagen matrices with embedded single cells (10)
3.1. For embedding single cells, determine the volume of 2 mg/ml TAMRA-Collagen Mix necessary for the experiment and then mix the appropriate volumes of 10x PBS and 1N NaOH. 

3.1.1. WIDE: Talent few seconds of Talent calculating TAMRA-Collagen Mix volume (TEXT: Prepare  >20% for pipetting losses due collagen viscosity)
3.1.2. MED CU: Few seconds of Talent mixing solution with 10x PBS and 1N NaOH containers with labels visible in frame {Comment: Two takes were filmed for this shot. Take 2 should be chosen}
3.2. Then mix the appropriate volumes of both TAMRA-labeled collagen and unlabeled collagen in a 1:6 ratio to achieve a final total collagen concentration of 2 mg/ml. 
3.2.1. MED CU: Few seconds of Talent adding at least one type of collagen into container and mixing, with both TAMRA-labeled collagen and unlabeled collagen containers with labels visible in frame (TEXT: 1:6 TAMRA-labeled to unlabeled collagen)
3.3. Now suspend the cells of interest in the appropriate volume of chilled cell medium without FBS and then add the cells to the TAMRA-Collagen Mix to obtain a final cell density of 1x105 cells/ml. 
3.3.1. MED: Few seconds of Talent adding medium to a tube of cells
3.3.2. CU: Shot of aliquot of cells being added to TCM (TEXT: Maintain 2 mg/ml collagen concentration)
3.4. Confirm the pH by testing 10 (l of the mix on a pH test strip and then pipette 100 (l drops of the TAMRA-Collagen cell suspension onto glass bottom dishes, allowing the mix to polymerize at room temperature until the collagen turns into a whitish gel -- about 30-45 minutes.
3.4.1. CU: Shot of test strip next to pH key (Video Editor: Please circle or otherwise highlight matching pH on test strip and pH key to indicate pH)
3.4.2. CU (overhead or side, whichever gives best shot): Shot of at least one drop being added onto glass bottom dish
3.4.3. CU: Shot of at least one polymerized drop
3.5. Then carefully add sufficient culture medium to cover the collagen-embedded cell drops and keep the drops at 37ºC in 10% CO2 for enough time for the cells to migrate throughout the matrix, typically 1 to 3 days.
3.5.1. CU: Last few seconds of media being added until it covers drop (TEXT: Caution: high flux media/shaking can detach drops)
3.5.2. MED: Talent placing dish(es) into incubator (TEXT: 37°C, 10% CO2, 1-3 d)

4. 3D TAMRA-Collagen matrices with embedded cell spheroids (12)
4.1. For embedding cell spheroids, pipette 100 (l drops of freshly diluted TAMRA-Collagen Mix onto glass bottom dishes and allow the collagen to initiate polymerization for 2-5 min to slightly increase the gel viscosity.
4.1.1. WIDE MED: Talent pipetting drops of TCM onto at least one dish. Talent placing dish(es) in hood for polymerization initiation
4.1.2. MED: Talent placing dish(es) in hood for polymerization initiation { Comment: This shot was combined with the previous one}
4.2. Then collect a cell spheroid and place it on a fresh Petri dish. Remove any excess liquid and resuspend the spheroid in 10 (l of TAMRA-Collagen Mix to prevent dilution of the collagen within the cell media.
4.2.1. MED – over the shoulder: Few seconds Talent aspirating spheroid
4.2.2. ECU: Shot of spheroid being placed onto petri dish {Comment: Vocal clap}
4.2.3. CU: Few seconds excess liquid being removed {Comment: Vocal clap}
4.2.4. ECU: Shot of TCM being added to spheroid {Comment: Vocal clap}
4.3. Then use a P20 pipette to collect the collagen-suspended spheroid and place it in the center of the top of the 100 (l TAMRA-Collagen Mix drop.
4.3.1. ECU: Shot of spheroid being collected with pipette {Comment: Vocal clap}
4.3.2. ECU: Shot of spheroid being placed on top of TCM drop (TEXT: One spheroid per drop)
4.4. [Spoken by Talent, interview style (looking just off camera)]: “Letting the collagen briefly polymerize for 2-5 minutes as just demonstrated is usually enough to ensure that the spheroids are correctly placed. If the spheroid sinks, however, invert the dish for approximately 2 minutes and then return it to the upright position.”
4.4.1.bis. Added shot: CU: Talent looking at spheroid embedded in collagen drop. {Comment: Added shoot to be included before the interview part of shot 4.4.1.; At the beginning of shot 4.4.1, after talent looks at the dish and just before starting to talk, talent makes an unfortunate movement with the mouth (tongue “wetting” the lips). Shot 4.4.1.bis. was shot to overlap this part.}
4.4.1. MED: Talent speaking the above, interview style
4.5. Allow the collagen to polymerize as just demonstrated and then carefully add sufficient culture medium to cover the collagen-spheroid drops. 
4.5.1. CU: Shot of at least one polymerized drop
4.5.2. CU: Last few seconds of media being added until it covers drop 
4.6. Then incubate the drops to allow the cells to migrate throughout the matrix.
4.6.1. CU: Dish(es) being placed into incubator (TEXT: 37°C, 10% CO2, 1-3 d)
5. 3D Immunofluorescence staining (12)
5.1. For immunofluorescence staining, begin by carefully removing the cell media and rinsing the spheroid-embedded collagen matrices with PBS.
5.1.1. WIDE CU: Talent removing media from at least one dish
5.1.2. MED – over the shoulder: Talent adding PBS to dish
5.2. Next, incubate the cells with extraction-fixation buffer. After 5 minutes, further fix the cells with PFA and sucrose in PBS for 30 minutes. Then rinse the cells.
5.2.1. MED: Talent adding extraction-fixation buffer to cells (TEXT: EF buffer: 4% PFA, 0.3% Triton X-100, 5% sucrose in PBS)
5.2.2. CU: Shot of PFA/sucrose being added to cells

5.2.3. CU: Shot of wash buffer being added to cells  (TEXT: Wash: 0.05% Tween-20 in PBS)
5.3. Now incubate the cells with the primary antibodies of interest diluted in PBS. Then wash the matrices three times for 30 minutes each time. 
5.3.1. MED: Talent adding at least one antibody to cells with Ab containers with labels visible in frame (TEXT: 1° Ab, 1 hr RT or O/N 4°C)
5.3.2. MED: Talent adding wash buffer to cells (TEXT: Wash: PBS + 0.05% Tween-20, 30 min, x3).
5.4. After the third wash, incubate the matrices with the secondary antibodies, Alexa-conjugated phalloidin, and DAPI diluted in PBS.
5.4.1. MED + ZOOM IN: Talent adds solution containing secondary Ab, phalloidin, and DAPI in container wrapped in foil (Videographer: Split action into separate shots as necessary) (TEXT: 2° Ab/phalloidin/DAPI, 2 hrs RT) 
5.5. Then, after washing the matrices again, remove the excess liquid and add ~500 (l of mounting media, filling the bottom of the dishes. 
5.5.1. CU: Few seconds of wash buffer being removed from at least one dish

5.5.2. CU: Shot of mounting media being added to fill the bottom of at least one dish
5.6. Now seal each drop with a 24 mm coverslip, being careful not to press down on the drops and damage the structure of the matrices.
5.6.1. CU: At least one drop being sealed with a coverslip
6. Sample imaging
6.1. To image the samples, position the 40x objective at the middle of the collagen drop. Then, using the fluorescent lamp, obtain an overview of the sample, both in the x-y- and the x-z-axes.
6.1.1. WIDE: Talent sitting at microscope, positions objective
6.1.2. SCREEN: Few seconds of overview of sample in x-y axis (TEXT: Do not deviate >100 (m from gel edge)
6.1.3. SCREEN: Few seconds of overview of sample in x-z axis
6.2. Next switch to the confocal live imaging mode. Using the 561 nm laser, start focusing from the bottom of the glass until the collagen fibers start to appear. Consider this depth z = 0 (m. 
6.2.1. SCREEN: Image switching to confocal live imaging mode
6.2.2. SCREEN: Shot of bottom of glass in focus then focusing up to some collagen fibers [TEXT (when collagen fibers appear): z = 0 (m]
6.3. Now raise the objective until it reaches 100 (m above z = 0, and then image the cells found at z = 100 (m or above to avoid any tension effects from the rigid glass bottom.
6.3.1. SCREEN: Show from collagen fibers in focus until ~100 (m from z=0 (TEXT: z = 100 (m), then show image of at least one cell
7. Results: Representative 3D Immunofluorescent Images
7.1. Labeling rat-tail collagen I with TAMRA allows an easy preparation and visualization of 3D collagen networks. The slow, room temperature polymerization allows the formation of these networks, visualized here in red, with a comparable organization to those found in vivo. Cytoskeleton-associated proteins, such as tubulin, which appear here in blue, or F-actin, shown here in green, can be visualized by immunostaining. As demonstrated in these images, when viewed in 3D matrices, colon adenocarcinoma CT26 cells present a typical mesenchymal morphology characterized by an elongated cell body, tipped with F-actin rich cellular protrusions that resemble filopodia and lamellipodia, similar to their in vivo structure. 
7.1.1. LAB MEDIA: Fig1.psd 
(Video Editor: with “visualized here in red” please highlight/indicate the red structures in the color image on the right and the black and white “Collagen” image on the left; 

with “which appear here in blue” please highlight the blue structures in the color image on the right and the black and white “Tubulin” image on the left; 

with “shown here in green” please highlight the green structures in the color image on the right and the black and whilte “F-actin” image on the left; 

with “colon … cells” please highlight/indicate the colored cell structure [everything in center image that is not red] on right; 

with “elongated cell body” please outline the cell body [mostly blue structure in image on right]  with dotted line if possible; 

with “F-actin … lamellipodia” please highlight the black and white “F-actin” image on the left)
7.2. This elongated morphology is even more evident in cells attempting to escape cellular spheroids by invading the collagen matrix. After 2 days in culture, the cells start invading the collagen 3D matrix, moving away from the cell spheroid.
7.2.1. LAB MEDIA: Fig2.psd (Video Editor: with “start invading … spheroid” please highlight the elongated blue and green structures in the image on the right)
7.3. It is crucial to analyze the collected z stacks from all the planes of view to ensure a uniform 3D distribution of the cells. In these images, for example, when visualized as a maximal x-y projection, CT26 cells grown as spheroids appear to extensively invade the 3D collagen matrix. However, the x-z view reveals that the cells are actually invading a restricted z interval compared to the spheroid volume, suggesting a preferential region of invasion. This representative spheroid was in fact placed too close to the glass bottom of the dish, resulting in the cells migrating away from the spheroid, not by invading the 3D collagen matrix but by crawling on the 2D rigid glass.
7.3.1. LAB MEDIA: Fig3.psd (Video Editor: with “CT26 … invade the 3D collage matrix.” please highlight/indicate the image/cell on the left; with “the x-z view … region of invasion” please highlight indicate the image/cell on the right)
 Conclusion 
7.4. Sara Geraldo: Following this procedure, other methods, like live imaging of GFP expressing cells embedded in TAMRA-collagen matrices, can be performed in order to closely follow dynamic cell-matrix interactions or cell-induced matrix deformations.
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