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1. Introduction (Schematic Overview and Interview)

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

The overall goal of this procedure is to improve the detection of micro-metastases in the mouse lung ex vivo while preserving the inflated lung’s architecture. (Intro)  This is accomplished by first perfusing the lung in situ with PBS to remove the blood which is the main source of color background in that tissue. (P1) The next steps are to inflate the lung by injection of PFA and then pinch-off to fix the lung tissue under inflation. (P2)  Next, the lung is removed and further fixed in PFA or single lung lobes are embedded for cryo-sectioning. (P3)  The final steps are to stain the tissues in X-gal solution and visualize the lacZ-tagged tumor cells. (P4) Ultimately, metastases on whole lung lobes or in lung tissue sections can be detected down to the single cell level with a binocular microscope or a light microscope. (P5)

VIDEO EDITORS:  The authors have provided lovely art for us.  They have very clearly labeled what image to use for each statement of the overview.  There does not appear to be any need for animation, however you could use white as the alpha-channel and introduce a subtle gently flowing background pattern, like a river current, that the images slide into and out of quickly.  Each image stays settled center screen for their bulk of their time on screen.

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

1.1. Matthias Arlt: The main advantage of this technique over existing methods, like the X-gal staining on its own, is that the detectability of micrometastases is considerably improved due to removal of blood-related background.   

Protocol (read by voice talent at JoVE):

2. In-Situ Lung Perfusion and Fixation

2.1. Begin the protocol by anesthetizing a mouse with an intraperitoneal injection of ketamine, xylazine and acepromazine in approximately 150 μl of PBS. (TEXT: 112.5 mg/kg ketamine, 16.5 mg/kg xylazine, 15 mg/kg acepromazine)

2.1.1. WID: talent loading syringe with KXA cocktail

2.1.2. WID: talent takes mouse, anesthetizes the mouse and puts it back in cage

2.2. When pain reflexes of the mouse are no longer observed, fix it on the operating table back-down and slick the hair with 70% Ethanol.

2.2.1. Added shot: MED: talent tests pain reflex

2.2.2. CU: attaching mouse to operating table

2.2.3. CU: applying ethanol to mouse

2.3. Open the skin from the abdomen up to the neck - pull the skin to the sides or remove it.

2.3.1. ECU: cutting open skin and pulling it to the sides

2.4. Carefully open the peritoneum and the thorax to prevent rupture of large vessels, like the vena jugularis. This will improve the efficiency of the perfusion.

2.4.1. ECU/SCOPE: Opening the peritoneum  (use a SCOPE shot if one can be made whenever ECU/SCOPE is called for)

2.5. Now, cut the vena cava caudalis underneath the liver.

2.5.1. ECU/SCOPE: cutting vena cave, liver is visible

2.6. Using a 20 ml syringe with a 21 – 24 Gauge needle, slowly inject 10-15 ml PBS into the right ventricle of the beating heart until the lung is completely white and the heart stops beating.

2.6.1. MED: attaching needle to syringe with PBS and filling needle

2.6.2. ECU/SCOPE: injecting PBS until lung goes white

2.7. Then, pinch off the blood vessels above the liver and the diaphragm with a vascular clamp. 

2.7.1. ECU/SCOPE: pinching off vessels

2.8. Load a 10 ml syringe with 3% percent paraformaldehyde (TEXT: 3% PFA in PBS) and with a 21 – 24 Gauge needle inject, into the right ventricle, approximately 2 ml.

2.8.1. CU: loading syringe with PFA

2.8.2. ECU/SCOPE: injecting PFA into heart

2.9. Uncover the trachea outside of the thorax … 

2.9.1. ECU/SCOPE: uncovering the trachea 

2.10.  … and inflate the lung with an injection into the trachea of about 3 ml of paraformaldehyde from outside of the thorax and immediately after removing the needle, pinch off the trachea caudal of the puncture with a vascular clamp and wait 10 minutes to allow fixation.

2.10.1. ECU/SCOPE: injecting PFA into lung, pinching off trachea, and wait…

2.10.2. ECU/SCOPE: after 10 minutes, same shot but without action

2.11. Next, transect the blood vessels above the vascular clamp. Then, remove the clamp and inject approximately 2 ml of PBS into the right ventricle to remove excess paraformaldehyde.

2.11.1. ECU/SCOPE: cutting vessels, removing clamp and injecting lung, PFA leaks out vessels

2.12. Puncture the lower parts of all the lung lobes with a needle and remove the vascular clamp at the trachea.

2.12.1. ECU/SCOPE: puncturing all the lung lobes, removing clamp {Comment: 1st take 2.11.1 was said. 2nd take 2.12.1 was said}

2.13. Now, inject 3 to 5 ml of diluted embedding solution into the trachea, caudal to the other injection (TEXT: 50% PolyFreeze embedding medium in PBS). Stop the injection when the paraformaldehyde in the lung lobes is replaced by the solution.

2.13.1. MED: loading syringe with polyfreeze/PBS

2.13.2. ECU/SCOPE: injecting trachea until all the PFA leaks out of lungs

2.14. Remove the lung carefully by pulling the heart with a forceps and by transecting connective tissue ligaments, blood vessels and the trachea.  Be sure to keep the heart connected to the lungs.

2.14.1. ECU/SCOPE: removal of lung, tissues snipped, but heart remains connected

2.14.2. CU: placement of lungs in dish

2.15. Set aside one lobe for cryosections and use the remaining lung tissue for whole lung staining.

2.15.1. CU: separating a lobe from the other tissue

3. Visualizing LacZ-Tagged Metastatic Tumor Cells in Entire Lung Lobes

3.1. Place the lung in a plastic cup with a tight closing lid and fix it with 2% formaldehyde in PBS. Put a piece of gauze on top of the lung to keep it in the solution and let it sit at room temperature for 30 minute.

3.1.1. WID: talent at bench, lungs just removed, talent transferring lung to a cup

3.1.2. CU: lung in cup with PFA, gauze added and lid attached 

3.1.3. MED: starting a timer and walking away from bench

3.2. After half an hour, remove the fixation solution and wash the tissue thoroughly with PBS, 3 times.

3.2.1. MED: stops timer and removes PFA from cup and starts washing with PBS

3.2.2. ECU: lung after 3rd wash, jiggling in solution for motion

3.3. Prepare freshly the Ready-To-Use X-Gal Solution by diluting 1 ml X-Gal Stock Solution (TEXT: 40 mg x-gal / 1 ml dimethylformamide) 1:40 in the Basic Staining Solution and add at least 10 ml of it into the cup. Sink the lung with a piece of gauze, secure the lid loosely to allow air exchange and incubate it at 37 °C for 3 to 5 hours protected from light.

3.3.1. Added shot: MED: diluting X-Gal stock solution in basic staining solution

3.3.2. MED: loading pipet with X-gal solution, then ejecting into cup

3.3.3. CU: adding gauze and replacing lid, loosely

3.3.4. WID: places the cup in an incubator, closes door and starts a timer (the timer could be magnetized to incubator)

3.4. After the incubation remove the X-Gal solution, rinse the lungs once with PBS to remove residual X-Gal solution and add at least 10 ml of 4% paraformaldehyde in PBS.  

3.4.1. WID: back at bench, removing solution from cup with lungs and rinsing lungs with PBS

3.4.2. MED: Filling cup with PFA directly out of the bottle

3.5. The tissue is now ready for histology and can be long-time stored in the 4% PFA at 4 °C. 

3.5.1. ECU: tissue in PFA jiggling around in solution

4. Visualizing lacZ-tagged Metastatic Tumor Cells in Lung Cryosections

4.1. Begin by filling one third of an embedding mold with undiluted PolyFreeze embedding medium.  Then, load the lung lobe into the mold and continue adding medium until the lobe is completely covered.  Carefully avoid making air bubbles.

4.1.1. WID: talent at bench with mold and embedding medium and lung

4.1.2. CU>ECU:  CU: filling mold partially with medium, adding lung, and covering, ECU: zoom in to show finishing the process – show that no bubbles are formed

4.2. Now, incubate the embedded lobe at 4 °C for 20 minutes.

4.2.1. MED: placing cassette into fridge and closing door

4.3. Next, prepare the embedded lungs for sectioning by slowly freezing them in a mixture of dry ice and Isopentane.  If needed, they can now be transferred to a - 80° C freezer for storage.

4.3.1. WID: talent preparing dry ice and isopentane bath

4.3.2. MED: placing cassette into the bath for a slow deep freeze

4.4. On a cryostat, cut 7-10 μm cryosections of the lobe.  Mount the sections to commercially available cryosection-ready slides.

4.4.1. WID: talent at cryostat, sectioning the block

4.5. Once mounted, immediately incubate the sections in X-gal staining solution at 37 °C for 24 hours in a humidified chamber.

4.5.1.  CU: adding x-gal solution onto section

4.5.2. MED: humidified chamber is put into incubator

4.6. The next day, rinse the slides in PBS twice for 5 minutes per rinse.  Follow this with a brief rinse in distilled water.

4.6.1.  WID: slide put into PBS

4.6.2. CU: slide taken out, put again in PBS and start timer

4.7. Now, counter-stain the slides with nuclear fast red for 10 seconds to get a weak counter-stain that makes the X-gal more dominant and immediately rinse of the counter-stain with distilled water.  For a darker counter-stain extend the time up to 30 seconds or more.

4.7.1. Added shot: MED: slide put into counter-stain, start timer for 10 seconds and then slides put in ddH2O

4.8. Mount the slides with Immu-Mount.

4.8.1. Added shot: CU: mount the slide with Immu-Mount

5. Metastetes Analysis in Dunn/LM8 Osteosarconoma Mice

5.1. The formation of metastases in the Dunn/LM8 mouse OS models was re-investigated using the techniques described here.  Representative images of perfused and non-perfused lungs of mice subcutaneously injected with lacZ-transduced and non-transduced control Dunn and LM8 cells. 

LAB MEDIA: Fig. 1(A&B)

5.2. In mice injected with control Dunn cells, macroscopic and microscopic metastases remained undetectable in non-perfused and perfused lungs.

LAB MEDIA: Fig. 1A, i-iv

5.3. But, interestingly, in mice injected with Dunn-lacZ cells, X-gal staining revealed blue micrometastatic foci of single cells or small cell clusters (< 0.1 mm) on the surface of non-perfused lungs 

LAB MEDIA: (Fig.1A, vi). 

5.4. In situ perfusion and fixation of the lungs further improved the detectability of Dunn-lacZ micrometastases 

LAB MEDIA: (Fig. 1A, viii). 

5.5. However, outgrowth to macroscopic foci was not observed 

LAB MEDIA: (Fig. 1A, v, vii). 

5.6. In mice injected with control LM8 cells, translucent, barely detectable macrometastatic foci larger than 0.1 mm in diameter were recognized in non-perfused lungs.

LAB MEDIA: (Fig.1B, i-ii). 

5.7. Perfusion of the lung did not improve the detection of the foci. 

LAB MEDIA: (Fig.1B, iii-iv) 

5.8. However, in mice injected with LM8-lacZ cells multiple X-gal stained blue macrometastases were detected on the surface of non-perfused organs.

LAB MEDIA: (Fig.1B, v) 

5.9. Micrometastases were also detected on the surface of non-perfused organs. 

LAB MEDIA: (Fig.1B, vi) 

5.10. Moreover, perfusion of the lungs further improved the detectability of macro- and micrometastases.  Consequently, micro- and macrometastases became visible at a higher density and a larger number, mainly due to the translucency of the perfused tissue in which foci underneath the organ surface became also visible. 

LAB MEDIA: (Fig.1B, vii-viii)

5.11. An additional histological analysis using cryosections of lung tissue confirmed the improved detectability of lung metastases in mice injected with lacZ-transduced Dunn and LM8 cells. In mice with primary tumors derived from Dunn-lacZ cells micrometastases or even single cell foci were recognized in lung sections.  

LAB MEDIA: (Fig.2B). 

5.12. This was not observed in mice with primary tumors of the respective control cells.

LAB MEDIA: (Fig.2A). 

5.13. Moreover, macrometastases were also more clearly visible in mice injected with LM8-lacZ cells …

LAB MEDIA: (Fig.2D)

5.14. … than in animals injected with the control LM8 cells 

LAB MEDIA: (Fig.2C)

6. Conclusion (said by authors on camera)

6.1. Matthias Arlt: After watching this video, you should have a good understanding of how to perform lung perfusion and fixation in situ and the subsequent X-gal staining of the metastases in the excised lungs. 

6.2. Mattias Arit: This technique is a highly sensitive endpoint readout for metastases distribution in the lung in any kind of cancer study and can also serve as a benchmark for the improvement of current in vivo imaging techniques, such as micro-CT, PET and MRI, used for early detection of metastatic lesions.

LAB MEDIA: JoVE_4162_Arlt_supplemental Fig_micro-CT.pptx 

VIDEO EDITORS: Although unorthodox for JoVE, the author has included their own video to complement this nice digression they would like to conclude with.  I encourage we try this out, but if you prefer, 6.2 could be added to the end of section 4.  I think it would work quite nicely here.

Provided Media

5.1 –  JoVE_4162_Arlt_Fig1A and B.tif

5.2 –  JoVE_4162_Arlt_Fig1A_i-iv.tif

5.3 –  JoVE_4162_Arlt_Fig1A_vi.tif

5.4 –  JoVE_4162_Arlt_Fig1A_viii.tif

5.5 –  JoVE_4162_Arlt_Fig1A_v, vii.tif

5.6 –  JoVE_4162_Arlt_Fig1B_i-ii.tif

5.7 –  JoVE_4162_Arlt_Fig1B_iii-iv.tif

5.8 –  JoVE_4162_Arlt_Fig1B_v.tif

5.9 –  JoVE_4162_Arlt_Fig1B_vi.tif

5.10 –  JoVE_4162_Arlt_Fig1B_vii-viii.tif

5.11 –  JoVE_4162_Arlt_Fig2B.tif

5.12 –  JoVE_4162_Arlt_Fig2A.tif

5.13 –  JoVE_4162_Arlt_Fig2D.tif

5.14 –  JoVE_4162_Arlt_Fig2C.tif

6.2 –   JoVE_4162_Arlt_supplemental Fig_micro-CT.pptx; in the second picture of the pptx-slide an avi file is embedded
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