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Title: Establishment of a Human Multiple Myeloma Xenograft Model in the Chicken to Study Tumor Growth, Invasion and Angiogenesis
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes Olympus SZX10 fluorescence Stereomicroscope, Zeiss Axiovert 200M fluorescence microscope
B. Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed?  2.3-2.5, 3.2, 3.7-3.9 – all included here.
D.  Will the filming need to take place in multiple locations? No

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

The overall goal of the following experiment is to establish an in vivo chicken embryo model with engrafted human myeloma and mesenchymal cells to study effects of cancer drugs on tumor growth, invasion and angiogenesis. (Intro)  This is achieved by generating transgenic human multiple myeloma cells for analysis in 3D in vitro and in vivo models.  The cells are transfected with a lentivirus providing GFP for visualization and blasticidin resistance for selection of transfected cells. (P1) As a second step, 3D spheroids with the transfected cells, mesenchymal cells and extracellular matrix are generated, which allows for large scale screening of anticancer drugs in a complex 3D in vitro environment. (P2)  Next, 3D tumor spheroids can be grown in vivo in chicken embryos in order to test effects of novel drugs on tumor growth, invasion and angiogenesis. (P3) Ultimately, tumor size and angiogenic responses can be documented daily, and, after euthanasia, the tumors can be examined by GFP-ELISA and immunohistochemistry. (P4)
Video editor:
These stills are from a PPTX prepared by the lab.
[image: image1.jpg]Generation of GFP transgenic human multiple myeloma cells
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 P1 – Animate the transfection by have the lentivirus fly into the bath, hit some cells, and then turn those cells green.  Next, add more green cells (they are dividing) and finish by dropping stars into pink from above (along with “Blasticidin” text below) and then crossing out all the non-green cells.
[image: image2.jpg]3D human multiple myeloma model for in vitro studies
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 P2 – Animate the combination of green cells with pink/black cells and squiggles.  Show every title here.  Next put the ball into the pink bath and then add stars, as before, this time with “Drug” below.  Then shrink down the bath and add the Analysis part of the graphic (scope, GFP ELISA and images to their right).
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P3/P4: P3 begins just like P2, only now the ball includes stars (“Drug”).  Complete P3 by introducing the yellow sphere with blotches inside (a developing chick).  Have the ball multiply into four, shrink down and position itself in the four locations in the sphere.  Then animate the transition called “Growth”.  For P4, add the Analysis section to the right of the post-Growth sphere.  First add the top part, and after “euthanasia” is spoken, add the middle and bottom parts (Immunohistochem and GFP ELISA).
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Gerold Untergasser: The main advantage of this technique over existing methods, like murine xenografts models, is the easy ex ovo handling and imaging of human tumors. Human tumor cells with supportive human stromal cells and extracellular matrix compounds can grow in vivo in chicken embryos that still lack adaptive immune responses.
1.2. Eberhard Gunsilius: This method can help develop novel therapies and enable fast preclinical screening for the treatment of patients suffering from refractory multiple myeloma.
1.3. Johann Kern: Visual demonstration of this method is critical because human multiple myeloma cells easily undergo apoptosis due to stress and chicken embryos can die when mishandled or due to inappropriate ex-ovo culture conditions.
1.4. Gerold Untergasser: Demonstrating the procedure and all its critical steps will be Cornelia Heis, an experienced technician from our laboratory.
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Cell Culture and Lentiviral Transfection
2.1. For this protocol, prepare cultures of multiple myeloma cell lines OPM-2, RPMI-8226 and human mesenchymal stem cells from bone marrow. Incubate the cells normally in supplemented medium. ( TEXT: RPMI 1640 + 10% bovine fetal calf serum + 100 IU Pen / mL + 100 μg Strep / mL + 2 mM glutamine)
2.1.1. WID: talent at hood, setting up cell culture plate 

2.1.2. MED: preparing plates of various listed cell types

2.1.3. WID: loading plates into incubator
2.2. Following the text protocol, transfect a million multiple myeloma cells with 100 thousand lentiviral particles in a 24 well plate with complete growth medium. (TEXT: pLenti6/V5 eGFP dest in HEK 293FT)

2.2.1. WID: setting up transfection

2.2.2. MED: performing transfection

2.3. After 3 days, start selecting for transfected cells by adding 2 µg of blasticidin for every milliliter of culture medium or use 500 µL of neomycin per milliliter for commercially available eGFP lentivirus.
2.3.1. MED: at hood, taking aliquot of blasticidin adding to media

2.4. After 2 weeks of selection, look for cluster of cells expressing eGFP.

2.4.1.  WID: talent at scope, checking for fluorescence in 24-well plate of cells
2.4.2. (new shot) WID: Demonstration of GFP cells on monitor 

2.5. Collect floating or adherent cell clusters by carefully re-suspending them in a centrifuge tube.
2.5.1. CU: collecting cells from 24 well plate with pipette

2.5.2. CU: ejecting pipette of collected cells into tube

2.6. Pellet the eGFP cells at 1000 Gs for five minutes and expand them out as sub-lines.
2.6.1. MED: loading tube of collected cells into centrifuge and programming 
2.7. Gerold Untergasser: After selection and propagation of GFP expressing multiple myeloma cells, always check their viability before using them for further experiments.
2.7.1. MED/WID: interview shot in lab, with talent just finished loading centrifuge, then starts the centrifuge cycle
3. 3D-Multiple Myeloma Spheroid Model
3.1. To begin, chill some collagen type-I solution and 10X DMEM on ice. Once cooled, mix a one-tenth volume of the 10X DMEM medium into the collagen solution.

3.1.1. WID: pushing collagen type-I solution and 10X DMEM into ice bucket

3.1.2. MED: making up collagen solution

3.2. Then, add 0.2 Normal sodium hydroxide dropwise to neutralize the solution to a pH of 7.4. Keep the solution on ice and confirm the pH with a test strip.
3.2.1. MED: adding sodium hydroxide dropwise to collagen solution, on ice

3.2.2. CU: checking pH with test strip, show the strip result next to key

3.3. Next, mix the transgenic multiple myeloma cell lines with the human mesenchymal cells. (TEXT: 250,000 OPM-2eGFP or RPMI-8226eGFP cells / 30 µL + 50,000 human mesenchymal cells / 30 µL)
3.3.1. MED: adding aliquot of transgenic cells to 15 mL tube
3.3.2. MED: adding aliquot of human mesenchymal cells to same 15 mL tube
3.4. Now, centrifuge the cell mixture in 15 mL tubes at 1000 Gs for 5 minutes.

3.4.1. WID: loading and running centrifuge

3.5. Discard the supernatant and, using a P1000 pipette, re-suspend the pellet in a milliliter of the cold collagen mixture.
3.5.1. CU: removing supernatant, leaving a pellet of cells in tube

3.5.2. MED: taking aliquot of collagen mix and adding to pellet/tube

3.6. Using a P100 tip, immediately transfer 30 µl aliquots of the mixture onto sterile paraffin in a 24-well culture plate.
3.6.1. MED: making droplets on paraffin in wells
3.6.2. ECU: droplets organized in wells
3.7. Allow the mixture to polymerize for 30 minutes at 37 °C, thus forming spheroids. 
3.7.1. CU: un-loading plate/paraffin into incubator, show spheroids if possible
3.8. Next, overlay the spheroids with a milliliter of prepared media with different treatments. For example, a drug can be applied at different concentrations.

3.8.1. MED: adding media with 1 nM bortezomib to spheroids

3.8.2. MED: adding media with 10 nM bortezomib to spheroids
3.9. After 72-hours of incubation at 37 ºC, document the spheroids by fluorescence stereo-microscopy.
3.9.1. WID: talent with plate of spheroids, imaging them at fluorescent scope

3.9.2. (new shot) MED: Shot of the monitor showing Green spheroids 

3.9.3. LAB MEDIA: Figure 1C – first show left image, then show right image (see fig 1 PPTX)
3.10. Then, using wide, flat-jaw forceps transfer each spheroid to a reaction tube to measure the GFP expression.

3.10.1. ECU: picking a spheroid

3.10.2. CU: placing it into reaction tube for GFP expression measurement

4. 3D Multiple Myeloma Xenograft Model in the CAM
4.1. In preparation for this procedure, incubate chicken eggs in an egg incubator at 37 ºC and 70% humidity for three days.

4.1.1. CU: picking up eggs from egg incubator

4.1.2. WID: carrying collected eggs to the work bench

4.2. Then, open the eggs and transfer the embryos to sterilized, square, 10-cm plastic weighing boats with cell culture plate lids.

4.2.1. CU: breaking open an egg

4.2.2. CU: transferring embryo to weigh boat. Close up of an embryo in weigh boat.
4.3. Johann Kern: To achieve higher survival rates of chicken embryos in ex-ovo culture use plastic weighting boats instead of 10 cm tissue culture dishes. Moreover, sterilize and pre-wet with warm PBS weighting boats before use.
4.3.1. WID: interview with Johann at bench
4.4. Continue incubating the eggs “ex ovo” for six more days, during which the CAM will develop.

4.4.1. CU/MED: setting up embryos in incubator

4.4.2. LAB MEDIA: Figure 2A – for reference
4.5. Now, prepare multiple myeloma and mesenchymal cell spheroids as in the previous procedure, but in a 6 well plate.

4.5.1. MED: making spheroids in 6 well plate

4.5.2. ECU: detail of dropping a spheroid into 6 well plate

4.6. Then, using forceps transfer the spheroids as “on-plants” to the untreated surface of the CAM, about 2 cm away from embryo, of 9-day-old chicken embryos. Position four on-plants onto each chicken embryo.

4.6.1. MED: picking spheroid from 6 well plate

4.6.2. CU: setting spheroid onto embryo, repeating with more spheroids

4.6.3. LAB MEDIA: Figure 2B – show for left image (see Fig2 PPTX)
4.7. Let the ex ovo embryos with the on-plants sit in the egg incubator for five days.
4.7.1. WID: loading the embryos+spheroids into the egg incubator

4.8. Then, document the xenografts by fluorescence stereomicroscopy.

4.8.1. (new shot) WID: Imaging of tumors on stereo fluorescence microscope 
4.8.2. LAB MEDIA: Figure 2C (see Fig2 PPTX)
4.9. After documentation, use ophthalmic scissors and forceps to remove the xenografts with some subjacent CAM tissue to measure GFP-expression or to perform immunohistochemical analysis.
4.9.1. MED: talent removing a xenografts with some subjacent CAM tissue, setting into container for further analysis, returns to removing another xenografts
4.9.2. ECU: detail view of removing a xenografts with some subjacent CAM tissue
5. Quantification of eGFP Protein by ELISA
5.1. Begin by transferring each multiple myeloma spheroid or excised xenograft into 0.5 milliliters of RIPA with protease inhibitors. (TEXT: 200 µg protease inhibitors / mL RIPA Buffer)
5.1.1.  WID: transferring xenografts to buffer 
5.1.2. CU: transferring xenografts to buffer
5.2. Then, use a homogenizer on ice to blend the tissues.
5.2.1. MED: as written

5.2.2. (new shot) CU: 

5.3. Once homogenized, freeze and thaw the homogenates using liquid nitrogen and then a 37 °C water bath. Do this three times.  (TEXT: Freeze/Thaw 3X)
5.3.1. MED: adding tubes to liquid nitrogen, removing

5.3.2. CU: putting same tubes into water bath

5.4. Then, centrifuge the homogenates at 4 ºC for 20 minutes at 12,000 G and store the supernatants.

5.4.1. MED: unloading centrifuged homogenates form centrifuge 

5.4.2. MED: transferring supernatants to new tubes

5.5. Next, dilute some supernatant at 1:20 in the assay buffer of the ELISA kit. 
5.5.1. CU: adding supernatant(s) to buffer(s)
5.6.  Then, measure the GFP-levels with biotinylated anti-GFP antibodies using a kit.
5.6.1. WID: starting a biotinylated anti-GFP Ab kit protocol, kit unpacked

6. Immunoh
istochemical Analysis of Blood Vessels and Invading Tumor Cells
6.1. Begin with an overnight fixation of the excised xenografts in paraformaldehyde.  (TEXT: O/N, 4 % PFA, 4 ºC). The next day dehydrate and embed the fixed xenografts. First, load them into cassettes.
6.1.1. MED:  (CU) transferring xenografts to tubes of 4% PFA, stock bottle in view

6.1.2. MED: transfer of tissue into cassette

6.2. The next day dehydrate and embed the fixed xenografts. First, load them into cassettes.(added to 6.1)
6.2.1. WID: moving tissues into cassettes 
6.3. Then, move the cassettes though a graded alcohol series.  Let each bath persist for a full hour and end the process with paraffin embedding.  (TEXT: 50%, 70%, 80%, 95% EtOH, xylol; 1 hr / bath)
6.3.1. MED: transferring loaded cassettes into 50% EtOH bath, other baths also set up, then moving cassettes from 50% bath to 70% bath, through all baths – the talent must step out from the shot between the transfers
6.3.2. CU: embedding a cassette in paraffin
6.4. Next, make five micron section xenografts using a bench-top, rotary microtome.

6.4.1. MED: as written, collecting slices to slides

6.5. Bake the collected paraffin sections on glass slides, overnight at 56 °C.

6.5.1. CU: WID: loading slides into oven
6.6. The next day, de-paraffinize the sections using a decreasing graded alcohol series to double-distilled water. The slides should be in each bath for just ten minutes. (TEXT: xylol, 95%, 80%, 70%, 50% ethanol, double-distilled water; 10 min / bath)
6.6.1. MED: moving cassettes from xylol to 95% bath to 80% bath, etc, to water – the talent must step out from the shot between the transfers
6.7. Now, follow the text protocol to incubate with the respective primary and secondary antibodies and perform calorimetric detection with enzyme and substrate.
6.7.1. WID: representative action of labeling, e.g. adding block
6.7.2. WID: CU: representative action of adding staining solution
6.8. After the antibody staining, counterstain with hematoxylin and mount the sections with a synthetic mounting medium.
6.8.1. MED: representative action of counterstaining with hematoxylin
6.8.2. MED: CU: mounting a slide

7. Results: Bortezomib Treatment of Multiple Myeloma Xenografts
7.1. Two EGFP expressing multiple myeloma cell lines were established and cultivated for 3 days in the presence of the drug bortezomib. Tumor cells in spheroids were then visualized by the expression of GFP on a stereo fluorescence microscope.

7.1.1. LAB MEDIA: Figure 1C

7.2. Tumor cell mass after drug treatment was quantified after homogenization of spheroids and measuring eGFP contents by a GFP-ELISA.

7.2.1. LAB MEDIA: Figure 1D

7.3. In another experiment, three day old chicken embryos were cultivated ex ovo for 6 days. At, day 9, spheroids of multiple myeloma cells were grafted on. Four on-plant grafts were attached to each embryo.

7.3.1. LAB MEDIA: Figure 2B
7.4. The target substance bortezomib was applied topically at 1 nMol. After 5 days, the on-plants formed tumors. Compared to controls, bortezomib inhibited the growth of multiple myeloma cells in graft, based on visualization of fluorescing tumor mass.
7.4.1. LAB MEDIA: Figure 2C
7.5. Single grafts from three different animals were then excised, homogenized and thereafter, measured by GFP ELISA. Compared to controls, bortezomib-treated tissue had significantly less myeloma cell mass.

7.5.1. LAB MEDIA: Figure 2D
8. Conclusion (said by authors on camera)
8.1. Johann Kern: After watching this video, you should have a good understanding of how to perform experiments with your cancer cells of interest in ex-ovo cultivated chicken embryos to analyze tumor growth, angiogenesis and invasion into host tissue.

8.2. Gerold Untergasser: After its development, this technique paved the way for researchers in the field of multiple myeloma to explore novel compounds or drugs in an easy to handle model organism, which is requisite for preclinical drug testing.
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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.
 2015, Journal of Visualized Experiments


