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Title: Validation of Nanobody and Antibody Based In Vivo Tumor Xenograft NIRF-Imaging Experiments in Mice Using Ex Vivo Flow Cytometry and Microscopye
A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.  Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.1-2.3, 3.4, 3.7.1-3.7.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Step 3 (sub-steps 3.1-3.6), because harvesting and preparation of tumor tissue requires some experience. Success can be ensured by practice and especially by good preparation of materials beforehand.
E.  Will the filming need to take place in multiple locations? Locations are in the same building on two separate floors, accessible via elevator. Parts of the filming are going to take place in one or two rooms of our animal facility (step 2 (2.1-2.4)), since our imaging devices are located there. I will check with the facility if special measures need to be taken beforehand and email you the details as soon as I get the info.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to perform ex vivo validation of in vivo near-infrared fluorescence xenograft imaging experiments in mice using fluorophore labeled nanobodies and conventional antibodies. (Intro)  This is accomplished by first administering near-infrared fluorophore labeled antigen-specific nanobodies and conventional antibodies to mice bearing both antigen-positive and -negative xenografts. (P1)  The second step is to perform in vivo imaging.  (P2)  After imaging, the mice are sacrificed to remove the xenografts (P3), which are processed for ex vivo analyses. (P4)  Ultimately, ex vivo flow cytometry and fluorescence microscopy are used to validate in vivo imaging results. (P5)
Video editor:
P1 – animate the syringe injecting the mouse.  Use the circle to illustrate the content of the syringe by having it blow out from the blue to show the shapes within, then shrink back down into the blue.

P2 – Now, animate our mouse getting smaller and entering the grey box.  Once entered animate the addition of the squiggly lines and fade the + oval inside from grey to red.  When you remove the squiggly lines and fade send it back to grey.

P3 – Now animate the mouse moving out of the box and bring in the scalpel.  Animate the scalpel cutting out the two ovals and then cutting the two ovals in half along dotted lines.  The dotted lines do not really need to be part of the image if you do this well.  

P4 – Fade to just the two halves of th grey oval and animate each half as follows: one half enters the conical tube, the other half enters the basket and little drops trickle out from the basket onto the dish.

P5 – Two animations, on the left is flow cytometry on the right imaging, as mentioned in narrative. For the left side animate the sample tube entering the machine, then add the blue and green squiggles and at the same time draw on the plot, adding data left to right.  For the right side animate the slide changing perspective and going onto the stage, where the blue and green squiggles and make the staged slide go from grey to red.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Alexander Lenz: The main advantage of this technique over existing methods, like nuclear imaging, is that the use of a near-infrared fluorescent dye allows for a comprehensive in vitro, in vivo and ex vivo multimodality imaging comparison with a single probe for flow cytometry, fluorescence microscopy and NIRF-imaging.

1.2. Friedrich Haag: This method can help answer key questions in the tumor-imaging field, such as localizing tumor metastases during surgery and monitoring the efficiency of tumor therapy.
1.3. Friedrich Koch-Nolte: Labeling with fluorophores enables exact ex vivo quantification of cell bound antibodies by flowcytometry. This allows to differentiate, whether signals observed in vivo are specific, due to cell-bound antibodies, or unspecific, due to the enhanced permeability and retention (EPR) effect.
Protocol (read by voice talent at JoVE):
2. In vivo Imaging
2.1. Seven to nine days after the tumor cells were injected, when the tumors should be around eight millimeters in diameter, prepare to image the mice.
2.1.1. CU: Mouse with tumor visible
2.2. First apply ophthalmic ointment and initialize the imaging system. Then position the anesthetized  mice (TEXT: 3% isoflurane) on the heated stage with their tumors directed to the camera.  Maintain 1-2% isoflurane for the duration of the imaging procedure using the isoflurane manifold housed in the imaging chamber. 

2.2.0. Added ECU: Talent applies eye ointment
2.2.1. WID: turning on the imaging system

2.2.2. MED: setting up anesthetized mice in chamber

2.2.3. MED: adjusting gas flow to 1-2 %
2.3. Position the mice on the heated stage with their tumors directed to the camera.  
2.3.1. CU: positioning the mice

2.4. Also, confirm the anesthesia with the absence of a response to a toe or tail pinch.
2.4.1. CU: pinching toes, no flinching mice

2.5. Monitor the respiration rates; if any are too fast, then the anesthesia is too light and if it is slow or irregular then the anesthesia is too deep. 

2.5.1. ECU: focus on breathing of mouse, chest movement

2.5.2. ECU: breathing of next mouse

2.6. Then image the mice. (TEXT: 615 - 665 nm excitation; 695 - 770 nm emission; 580 - 610 nm background; 512 x 512 image, medium pixel binning, F=2)

2.6.1. CU: applying eye lube to a mouse MED: Talent imaging the mice
2.7. After getting the baseline image, inject the mice with 50 µg of AlexaFluor680-labeled antibody constructs.  Do this in a volume of 200 µl saline, into the tail vein.  

2.7.1. MED: loading syringe and preparing to inject a mouse

2.7.2. ECU: injecting tail vein

2.8. Six hours later, image the mice again.

2.8.1. WID: talent working with the imaging software, collecting data
3. Harvesting and Preparation of Tumors
3.1. After imaging, euthanize the mouse and mount it to a Styrofoam block and clean it with 70% ethanol.

3.1.1. MED+WID : mounting mouse to block

3.1.2. CU: cleaning skin

3.2. Then, cut open the skin to expose the tumors.  Remove the tumors with a scalpel and keep the tumors intact.

3.2.1. ECU: exposing tumors and removing (Slated as 3.1.2. accidently)
3.2.2. CU: setting tumors in dish

3.3. Once removed, cut the tumors in half and transfer one half to a dish of ice-cold PBS/AEBSF solution on ice for FACS analysis and transfer the other half to ice-cold 4% PFA for immunohistochemistry.

3.3.1. ECU: cutting tumor in half, picking up one half

3.3.2. CU: setting half-tumor into cold solution in dish, PBS/AEBSF

3.3.3. CU MED: setting 2nd half into tube of fixative solution
3.4. After 24 hours in fixative at 4 ºC, transfer the tumors to PBS with 30% sucrose and keep them at 4 ºC until they’ve fully sunk into the solution.

3.4.1. WID: arriving to bench with fixative tubes containing tumor halves

3.4.2. MED: moving tumor halves to sugar solution

3.5. Then, dice the tumors into pieces that will fit into cryomolds.
3.5.1.  ECU: side view of pieces in tube, sunk, show pieces being removed or diced in place

3.5.2. CU: dicing pieces on different surface, if needed

3.6. Fill the molds with OCT compound and transfer the tumor chunks to the molds.  The tissue must be fully immersed in OCT.

3.6.1. CU: filling mold with OCT compound then placing piece of tumor into mold and then filling mold with OCT compound
3.6.2. ECU: placing tumor pieces all fully immersed in molds with OCT

3.7. Then, transfer the cryomolds to dry ice and when they are completely frozen store them at -80 ºC until they can be processed.

3.7.1. MED: moving molds to dry ice surface

3.7.2. CU: completely frozen molds on dry ice
4. FACS Analysis
4.1. To prepare the cells, transfer the tumor half to a cell strainer.  

4.1.1. WID: moving tumor half to strainer

4.2. In the strainer, cut it into three to four pieces and then take the plunger out of a 2-ml syringe and use the plunger to mash the tissue against the strainer. Collect the solution that flows through the strainer.

4.2.1. CU MED: chopping tissue in strainer, show number of chunks made (slated as 4.1.2. accidently)
4.2.2. MED CU: plunging/mashing tissue, show any dripping out of strainer

4.2.3. CU MED: mashed tissue on strainer and any dripping

4.3. After the tissues have been mashed up, flush the strainer with PBS. Then, transfer the collected suspension to a new tube and spin it down at 500 G for five minutes.

4.3.1. MED CU: adding PBS to strainer, show collection too

4.3.2. MED: transfering collection to new tube, 

4.3.3. added CU: loading tube to centrifuge

4.4. Re-suspend the cell pellet in 10 ml of PBS with 0.2% BSA, then count the cells.

4.4.1. ECU: side view of pelleted cells with supernatant, supernatant removed, new solution added, pellet mixed in

4.4.2. added MED: counting cells

4.5. Aliquot one to five million lymphoma cells to a 5 ml FACS tube and spin the tube down at 500 G and discard the supernatant.  

4.5.1. MED: taking precise aliquot of cells and adding to 5 ml FACS tube

4.5.2. MED CU: removing FACS tube from centrifuge, 

4.5.3. added MED: discarding supernatant

4.6. Then, suspend the cells in 100 µL of PBS with 0.2% BSA.  

4.6.1. CU: adding PBS to pellet and mixing in the cells

4.7. At this point it is possible to block FcR using an antibody to bind FcγR (TEXT: anti-CD16/CD32-mAb (FcgR3/2)). Wait 10 minutes and wash the cells once with PBS with 0.2% BSA. 
The video of step 4.7 may be removed, since it is optional and steps 4.6 + 4.8 show the process of incubation/washing sufficiently. However, the text could still be recorded by the voice-artist and just added to step 4.6.
4.7.1. MED CU: adding block solution and setting up 10 min incubation

4.7.2. MED: washing cells with PBS, show adding solution and centrifugation
4.8. Now, add an anti-CD45 monoclonal antibody to identify the leukocytes.  Incubate the cells for 20 minutes in the dark with this antibody and then use two washes to remove it.  (TEXT: Wash 2X with PBS / 0.2% BSA)

4.8.1. MED CU: adding antibody solution to cells and setting up in-dark incubation

4.8.2. added CU: talent puts cells in dark (fridge)

4.8.3. (original 4.8.2) MED: removing cells from dark incubation and performing first steps of a PBS wash

4.9. Just before FACS analysis, stain the cells with propidium iodide for 15 minutes on ice, to identify dead cells.  Then wash them clean with plain PBS.  

4.9.1. CU: adding propidium iodide stain to tube, starting 15 min timer

4.9.2. MED: retuning to bench, stopping timer and beginning PBS wash

4.10. Follow this by re-suspending the cells in 150 µL of PBS, and proceed with the FACS. (TEXT: discard debris in 2-parameter plot > discard cell-doublets > gate out non-CD45+ > gate out dead/dying cells)

4.10.1. ECU: side view of pellet/supernatant after centrifugation, removing supernatant, adding in 150 µL PBS and resuspending pellet
5. Nanobody and mAb Staining of Tumors
5.1. Mice were injected with 50 μg of nanobody and monoclonal antibody to evaluate the specificity of the fluorescently labeled constructs for in vivo imaging. (TEXT: Nanobody)

5.1.1. LAB MEDIA: 52462_invivo_Figure1A

5.2. All imaging was performed 6 hours after injection. (TEXT: Antibody)

5.2.1. LAB MEDIA: 52462_invivo_Figure1B

5.3. Flow cytometric analyses of tumor cell suspensions showed specific labeling of antigen-positive tumor cells with both AF680-conjugates.  There was no nonspecific labeling of antigen-negative cells with either construct.

5.3.1. LAB MEDIA: 52462_FACS_Figure2

5.4. The tumor cryosections showed a strong and almost homogenous labeling of antigen-positive cells with the nanobody. 

5.4.1. LAB MEDIA: 52462_microscope_Figure3

5.5. However, the monoclonal antibody gave a much weaker, inhomogeneous stain.

5.5.1. LAB MEDIA: 52462_microscope_Figure4

5.6. As expected, antigen-negative tumors showed no staining of the nanobody.

5.6.1. LAB MEDIA: 52462_microscope_Figure5

5.7. Antigen-negative tumors showed nonspecific scattered staining in the interstitial space after injection of the conventional antibody.

5.7.1. LAB MEDIA: 52462_microscope_Figure6

5.8. This was very similar to the staining seen in the antigen-positive tumors after injection of the conventional antibody.

5.8.1. LAB MEDIA: 52462_microscope_Figure7
6. Conclusion (said by authors on camera)
6.1. Friedrich Koch-Nolte: Once mastered, this technique can be done in a single day with up to 10 mice if it is performed properly.

6.2. Friedrich Haag: Following this procedure, other methods like radiolabeling of nanobodies can be performed in order to investigate the biodistribution of the injected conjugate in different tissues and other questions.

6.3. Alexander Lenz: After watching this video, you should have a good understanding of how to perform multimodality ex vivo validation of your in vivo NIRF-imaging experiments with fluorophore labelled probes, thus providing you with a technique for evaluation of new antibody constructs in preclinical molecular imaging.
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, .eps, 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.  

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.
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