Submission ID #: 55440
Editor Name:  Linda DiBella
Videographer name: Julien Pratte
Film Date: 02/23/2017
Link: http://www.jove.com/files_upload.php?src=16909248
Authors and Affiliations: 
Simon Beaudoin1
Michel Paquette1
Laurent Fafard-Couture1
Mylene A. Tremblay1
Roger Lecomte1,2,3
Brigitte Guerin1,2,3
Jeffrey V. Leyton1,2,3
1Department of Nuclear Medicine and Radiobiology, Universitaire; de Sherbrooke, Sherbrooke, Quebec, Canada

2Sherbrooke Molecular Imaging Center (CIMS), Universitaire; de Sherbrooke, Sherbrooke, Quebec, Canada

3Sherbrooke Institute of Pharmacology, Sherbrooke, Quebec, Canada
simon.beaudoin@usherbrooke.ca
michel.paquette@usherbrooke.ca

laurent.fafard-couture@usherbrooke.ca

mylene.annie.tremblay@usherbrooke.ca

roger.lecomte@usherbrooke.ca

brigitte.guerin@usherbrooke.ca

jeffrey.leyton@usherbrooke.ca

Title:  

Initial Evaluation of Antibody-conjugates Modified with Viral-derived Peptides for Increasing Cellular Accumulation and Improving Tumor Targeting

Corresponding Author: 

Jeffrey V. Leyton PhD

Tel. (819) 820-6868

FAX: (819) 564-5442

Jeffrey.leyton@usherbrooke.ca

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N____  

Can you record movies/images using your own microscope camera? (Y/N)___NA_____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ___

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)________ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ______steps 2.3, 3.9, and 4.8__
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of these procedures is to evaluate the specificity and effectiveness of antibody conjugates for accumulating inside target cells and tumors during the initial development stages so that they can ultimately be used in the clinic (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Simon Beaudoin: This method can help answer key questions in the antibody-conjugate field, such as the efficiency of nuclear localization and overall intracellular accumulation. 
1.2. Michel Paquette: An advantage of this technique is that via PET imaging researchers can rapidly assess the tumor targeting effectiveness and selectivity of candidate antibody-conjugates.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jeffrey Leyton: The implications of these techniques extend toward therapy and diagnosis of cancer, because ineffective cancer cell and tumor accumulation is a major limitation with these applications for antibody-conjugates.  

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. The in vivo animal experiments described were performed according to an approved protocol and under the ethical guidelines of the Centre Hospitalier Universitaire de Sherbrooke Ethics Committee for Animal Experiments.
Protocol: (read by voice talent at JoVE) 
2. Confocal Microscopy for Intracellular Accumulation Evaluation 

2.1. After synthesizing a cholic acid –nuclear localization sequence antibody conjugate according to the text protocol [1-WIDE-TXT], treat target TF-1a cells with 200 nM 7G3-cholic acid-NLS antibody conjugate.  Include cells treated with modified control monoclonal antibodies [2-MED/CU].  
2.1.1. Talent places antibody conjugate down on bench under hood and sits down at hood (TEXT: ChAcNLS)
2.1.2. Talent adds 7G3 antibody conjugate to cells then adds control antibodies to another sample of cells

2.2. Incubate 5 x 106 antigen-positive cells with the conjugates at 37(C for 1 hour [1-WIDE].  Then remove the supernatant and use 1 ml of ice-cold PBS to wash the cells three times [2-CU].  Add fresh medium and incubate the cells at 37 (C for an additional hour [3-MED/CU-TXT].  
2.2.1. Talent places cells into incubator

2.2.2. Talent finishes removing supernatant and adds ice-cold PBS to wash cells

2.2.3. Talent adds fresh medium (TEXT: 37 (C)
2.3. Next, add 0.5 ml of PBS containing 0.25% trypsin and EDTA [1-CU] and incubate the cells at 37 (C for up to 30 minutes [2-WIDE].  Then use 1.5 ml of RPMI 1640 medium with 10% FBS to neutralize the trypsin [3-MED/CU]. 
2.3.1. Talent adds PBS/trypsin/EDTA to cells

2.3.2. Talent places cells into incubator

2.3.3. Talent adds RPMI 1640 medium to cells to neutralize 

2.4. Simon Beaudoin, Step 2.3: To accurately evaluate whether intracellular fluorescence in the cytoplasm is grouped and near the cell surface or diffuse and homogeneous, it’s necessary to ensure that all the surface bound antibody-conjugates are removed [1-INTERVIEW].
2.4.1. Talent recites the above statement while looking off camera Author note: “This is a voiceover” – not totally sure what they mean, if they perhaps recorded an action with the shot?
2.5. Centrifuge the cells at 500 x g for 5 minutes [1-MED], remove the supernatant and use 0.5 ml of ice-cold PBS to wash the cells three times again [2-CU].
2.5.1. Talent places cells into centrifuge and sets speed and time

2.5.2. Talent finishes removing supernatant and adds ice-cold PBS to wash cells

2.6. Add 0.5 ml of 1% PFA and 1% sucrose in PBS to the cells and place them on ice for 30 minutes to fix them [1-MED]. Then use 0.5 ml of ice-cold PBS to wash the cells three times [2-CU] and centrifuge the samples at 250 x g for 5 minutes [3-MED].  
2.6.1. Talent adds 1% PFA/1% sucrose to cells in PBS and then places them on ice

2.6.2. Talent adds ice cold PBS to cells to wash them

2.6.3. Talent places cells into centrifuge and sets speed and time

2.7. Next, add 0.15% Triton X-100 in PBS to the cells and permeabilize them on ice for 5 minutes [1-MED/CU].  Then with ice-cold PBS, wash the cells and repeat the centrifugation [2-MED/CU-TXT].

2.7.1. Talent adds 0.15% Triton X-100 in PBS to cells and places them on ice

2.7.2. Talent adds ice-cold PBS to cells (TEXT: 250 x g, 5 min)
2.8. Suspend the cells in 0.1 ml of PBS containing 2 (g/mL of an anti-murine Fc secondary polyclonal antibody conjugated to AlexaFluor 647 [1-CU] and incubate the samples in the dark at room temperature for one hour [2-MED].

2.8.1. Talent suspends cells in AlexaFluor 647 conjugated antibody

2.8.2. Talent places samples in box on bench

2.9. Centrifuge the cells at 250 x g for 5 minutes [1-MED] and use 0.5 ml of ice cold PBS to wash the cells three times.  Then suspend the cells in 0.5 ml of PBS [2-MED/CU].

2.9.1. Talent removes samples from centrifuge

2.9.2. Talent removes last wash from cells then adds PBS (TEXT: Cells can be stored at 4 (C at this point)

2.10. Add 10 (g/mL of propidium iodide to the cells [1-CU].  Then use mounting medium to mount 1 x 105 cells onto glass slides before covering the sample with a glass coverslip [2-ECU].
2.10.1. Talent adds propidium iodide to cells

2.10.2. Talent covers cells with mounting medium then a coverslip

2.11. Examine the cells with a Plan Apo 60X oil immersion objective NA 1.42 on an inverted laser scanning confocal microscope [1-CU]. Detect PI fluorescence using the 488 nm argon laser and the spectral scanning prism set for 600-650 nm [2-MED OVER SHOULDER].
2.11.1. Talent adds oil to objective which is in view and places slide of cells onto objective of confocal 
2.11.2. Talent scans sample and PI is detected
2.12. For AF647 fluorescence, use the 633 nm helium-neon laser and the spectral scanning prism set for 650-700 nm [1-MED OVER SHOULDER]. Collect images from PI and AF647 sequentially 1024 x 1024 pixels with 2x line averaging taken at 0.5 (m intervals through the entire cell thickness.  Present images as z-projections [2-LM-TXT].
2.12.1. Talent scans for 647 fluorescence
2.12.2. LAB MEDIA Figure 4 (TEXT: Z projections: 4 consecutive slices at maximum fluorescence intensity)
2.13. To analyze the cells, evaluate and record whether intracellular fluorescence in the cytoplasm is grouped and near the cell surface or diffuse and homogeneous.  Also evaluate the relative fluorescence intensity per cell [1-LM].

2.13.1. LAB MEDIA Screen capture section 2.12, Editor, use slide 2 here and add in the white arrow as shown in candidate 2 for ‘grouped and near the cell surface’ and for candidate 1, add in the white arrow for ‘diffuse and homogeneous.’
3. Radiolabeled AC Construction and Cellular Fractionation for the Evaluation of 64Cu Intracellular Delivery Efficiency
3.1. After preparing and concentrating radiolabeled cholic acid-NLS antibody conjugate according to the text protocol [1-CU-TXT], determine the radiolabeling efficiency by applying 0.5 (L of 0.1M, pH 5.5 sodium citrate, or ITLC eluent to an ITLC strip [2-CU-TXT].  Perform an autoradiograph of the strip and obtain a digital image [3-MED/CU]. 
3.1.1. Talent places radiolabeled sample down behind shield (TEXT: 64Cu-A14-ChAcNLS)
3.1.2. Talent applies ITLC to strip (TEXT: Instant thin layer chromatography)
3.1.3. Talent places strip into autoradiograph machine and takes image
3.2. Carry out densitometry to obtain the proportion of bound and free 64Cu. If free 64Cu content is > 5% [1-MED/CU], concentrate the sample further [2-MED-TEXT].
3.2.1. Talent places sample into densitometry machine and gets result
3.2.2. Talent places concentrator of sample into centrifuge and starts spin (TEXT: Perform SDS/PAGE and autoradiography to identify aggregates)
3.3. For 64Cu cellular accumulation studies, treat cells with 100 nM of 64Cu –labeled A14 conjugates at 37 (C for 1, 6, and 24 hours as previously described  [1-MED/CU-TXT]. Treat the cells with unmodified A14 to block IL-5R( sites [2-CU] and at 4 (C to block receptor-mediated internalization [3-WIDE/MED].
3.3.1. Talent adds 64Cu –labeled A14 conjugates to samples (TEXT:  Paquette, M. Journal of Nuclear Medicine (Submitted).  (2016)).
3.3.2. Talent adds A14 to cells
3.3.3. Talent places cells in fridge
3.4. After washing the cells and incubating with fresh medium as demonstrated earlier in this video, add 0.5 mL of PBS containing 0.25% trypsin and EDTA  [1-CU] and incubate at 37 (C for 15 minutes [2-WIDE].   
3.4.1. Talent adds PBS/trypsin/EDTA to cells

3.4.2. Talent places cells into incubator

3.5. Then after neutralizing and washing the cells as before, add plasma membrane lysis buffer to the cells and incubate them on ice for 10 min [1-MED/CU-TXT]. Centrifuge the plasma membrane-lysed cells at 90 x g for 5 min [2-MED].
3.5.1. Talent adds plasma membrane lysis buffer to cells and places them on ice (TEXT: 1% NP-40, 10 mM Tris pH 7.5, 10 mM NaCl, and 3 mM MgCl2 buffer)

3.5.2. Talent places lysed cells into centrifuge and starts spin
3.6. Remove the supernatant and transfer it to a fresh tube. This represents the cytoplasmic fraction [1-CU]. Then use ice-cold PBS to wash the nuclei 3x and add the washes to the cytoplasmic fraction [2-CU].
3.6.1. Talent transfers supernatant to fresh tube
3.6.2. Talent removes wash from sample and adds it to cytoplasmic fraction – have ice-cold PBS in frame
3.7. Ensure vials containing the nuclear and cytoplasmic fractions are sealed [1-MED/CU]. Then place them in a gamma counter calibrated for 64Cu in order to convert raw counts to MBq [2-MED].
3.7.1. Talent checks that vials are sealed
3.7.2. Talent places vials into gamma counter calibrated for 64Cu and initiates counting
3.8. Determine the quality of nuclei isolation by performing Western blot analysis for Lamin A/C, a restricted nuclear protein, and Rab7, an abundant cytoplasmic protein on whole cell lysate, nuclear and cytoplasmic fractions [1-LM].
3.8.1. LAB MEDIA Figure 7A and B, without the RIPA lanes.  Editor, add in the red arrows in the top blots in both sets of panels for Lamin A/C and add in the black arrows in the bottom set of panels for Rab7 when each is mentioned.  Then add in the words ‘Nucleus’ and ‘Cytoplasm’ when each is mentioned at the end of the sentence. 
3.9. Treat 5 x 106 cells with 500 (L of radio-immunoprecipitation assay, or RIPA buffer and plasma membrane lysis buffer containing 1%, 2%, and 4% NP-40 [1-MED/CU]. Furthermore, treat the isolated nuclei with 500 (L of RIPA buffer to obtain isolated nuclear proteins [2-CU].
3.9.1. Talent adds RIPA and plasma membrane lysis buffer to cells; Have 
3.9.2. Talent adds RIPA buffer to isolated nuclei
3.10. Add 4x the sample volume of cold acetone to the isolated nuclear, cytoplasmic and whole cell proteins [1-CU] and incubate for 60 minutes at -20 (C [2-WIDE/MED]. Centrifuge the samples at 13,000 x g for 10 minutes [3-WIDE/MED].
3.10.1. Talent adds cold acetone to nuclear cytoplasmic and whole cell samples
3.10.2. Talent places samples into -20 (C freezer
3.10.3. Talent places samples into centrifuge and sets speed and time
3.11. Decant the supernatant, being careful not to dislodge the protein pellet [1-CU]. Then add 100 (L of PBS to dissolve the proteins [2-CU].
3.11.1. Talent decants supernatant

3.11.2. Talent add PBS to sample and resuspends proteins
3.12. After performing Western blotting as previously described, cut the membrane in half at the 40 kDa molecular weight marker. Use Lamin A/C-specific antibodies to probe the blot containing the higher molecular weight proteins. Use Rab 7-specific antibodies to probe the lower half of the membrane [1-LM-TXT].
3.12.1. LAB MEDIA Figure 7 with RIPA lanes, Editor, add in the top halves of the A and B for Lamin A/C and then add in the bottom halves for Rab 7. (TEXT: Mahmood, T. et al.; Yang, P. C. N Am J Med Sci. 4 (9), 429-434, doi:10.4103/1947-2714.100998, (2012)); Editor, if section 4, the mouse tail vein injections is not being included in the video, add a text note at the end of this step:  (TEXT: Inject samples in mouse tail veins according to the text protocol).  Use the first text note for ‘as previously described.’
4. PET Imaging Evaluation of Tumor Targeting
4.1. In groups containing 4 NOD/SCID mice, inject into the tail vein 20-30 (g  of radiolabeled A14 cholic acid NLS antibody conjugate, radiolabeled A14 NLS, and radiolabeled A14 [1-MED/CU-TXT].
4.1.1. Talent injects an animal in the tail vein with all the samples to be injected labeled and in frame if possible (TEXT: 6-9 MBq)
4.2. On the same day, place a cylindrical phantom containing 5 MBq of 64Cu into the PET scanner to convert the radioactive counts per second into injected dose per gram of tissue [1-MED/CU-TXT].
4.2.1. Talent places cylindrical phantom into PET scanner (TEXT: 24.8 mL) (TEXT: %ID/g); Editor, use the first text note for ‘cylindrical phantom’ and the second at the end of the sentence.
4.3. Forty-eight hours later, after anesthetizing the mice according to the text protocol, rapidly transfer a mouse to a PET scanner table in the headfirst prone position with a nose cone for isoflurane [1-MED/CU]. 
4.3.1. Talent places mouse in PET scanner and attaches nose cone
4.4. Start the PET data acquisition using a regular sampling mode setting and an energy window of 250-650 keV [1-MED/CU-TXT]. After the scan, remove the mouse from the scanner and place it back in the cage [2-MED-TXT].
4.4.1. Talent starts PET data acquisition with regular sampling mode setting and energy window of 250-650 keV (TEXT: 45 min static scan per mouse is sufficient for for high quality PET images)
4.4.2. Talent removes mouse from scanner and places back in cage to recover (TEXT: Allow mouse to sufficiently recover before returning to animal facility)
5. Results: Evaluation of Accumulation of Intracellular Antibody Conjugates  
5.1. As shown in this figure, the ability of 7G3- cholic acid-NLS antibody conjugate to increase its intracellular accumulation was evaluated in cells treated with and without trypsin. Intracellular fluorescence levels in trypsinized cells reveals unmodified 7G3 is limited to the cytoplasm in small foci [1-LM].
5.1.1. LAB MEDIA Figure 4, Editor, for with and without trypsin, add in the ‘Trypsin’ and ‘No trypsin’ labels.  For ‘it is limited to the cytoplasm in small foci,’ point out the green blobs in the trypsin side in the third row of panels and the small green dots in the bottom row.
5.2. In contrast, in non-trypsinized cells, the 7G3-specific fluorescence is limited to the cell surface due to the overexpression of IL-3R( [1-LM].
5.2.1. LAB MEDIA Figure 4, Editor, for ‘is limited to fluorescence on the cell surface,’ point out the green outline in the third row of panels in the ‘no trypsin’ side.  
5.3. Radiolabeled-A14- cholic acid-NLS antibody conjugate shows nanomolar affinity for IL-5R(. With increasing concentrations of radiolabeled-A14- cholic acid-NLS antibody conjugate, specific binding of A14- cholic acid-NLS antibody conjugate approached saturation at concentrations of 3-5 nM in both HT-1376 and HT-B9 cells [1-LM].
5.3.1. LAB MEDIA Figure 5B, Editor, point out the curves at around the 5 nM point and add in the top HT-1376 and HT-89 labels when mentioned.
5.4. Gamma counting reveals that the increase of radioactivity in the nucleus and in the cytoplasm from radiolabeled-A14- cholic acid-NLS antibody conjugate is specific and increases over time [1-LM].
5.4.1. LAB MEDIA Figure 6, Editor for the nucleus, add in the labels for the two left graphs in A and B and for the cytoplasm, add in the labels for the right hand graphs.  For the specificity, point out the tall red bars in the top graphs and for increase over time, show the progression of all the bars getting taller from left to right in the bottom two graphs.
5.5. HT-1376 and HT-B9 cells were incubated with plasma membrane lysis buffer containing 1%, 2%, or 4% NP-40.  As expected, in HT-1376 cells, Rab7 was not detected in the nuclear fraction and there was no Lamin A/C found in the cytoplasmic fraction [1-LM].
5.5.1. LAB MEDIA Figure 7A and B, Editor, for ‘rab7 not detected’, add in the black arrow in the bottom panel in ‘A’ and for ‘no Lamin A/C’, add in the red arrows in the top panel in ‘B.’
5.6. Finally, PET imaging at 48-hours post-injection in mice bearing HT-1376 and HT-B9 heterotopic xenografts on opposite hind legs allows for the visualization of tumor targeting properties [1-LM].
5.6.1. LAB MEDIA Screen capture_section 5.7, Editor, for HT-1376, add in the red arrows and for HT-B9, add in the blue arrows.
6. Conclusion (said by authors on camera)

6.1. Jeff Leyton: After mastering these techniques, researchers in the field of targeted tumor delivery of molecular payloads will be able to explore additional agents where tumor cell accumulation is hindered due to endosome entrapment.
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 are included in the email accompanying the finalized script.
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