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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N____ If yes, please list make and model of your microscope: ____________N/A_______________

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_________5.4-6.5_____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

The most difficult aspect of this procedure occurs when CTCs are manually isolated from mouse blood. This technique requires a much more hands-on approach compared to CTC isolation using the standard semi-automated human protocol. In order to ensure success in this regard, samples are processed with strict adherence to the defined protocol, as even minor deviations may significantly affect CTC recovery. This statement is especially true when examining blood samples that contain few CTCs.
1. Introduction (Schematic Overview and Interview)

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

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
This experiment aims for sensitive detection, enumeration, and characterization of circulating tumor cells from both human and mouse xenograft blood samples. (Intro) First collect the blood samples from humans and/or mouse models of cancer, and using a positive selection for EpCAM+ cells, enrich for CTCs in a background of contaminating leukocytes. (C1) Then with differential staining of CTCs and leukocytes, identify and enumerate the CTCs. (C2)  Perform the desired molecular characterization of these rare circulating tumor cells in the laboratory to aid in the selection of targeted therapies for cancer patients in the clinic. (C3) Results obtained using the CellSearch system demonstrate that CTC analysis can be effectively performed in both human and mouse xenograft blood samples. (C4)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Lori Lowes: The development of additional user-defined CTC characterization protocols on the CellSearch system may ultimately aid in the selection of targeted therapies for patients. In addition, comparable CTC assays adapted for utility in mouse xenografts will improve our understanding of the basic biology of these cells.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Human Blood Sample Preparation and Processing 
2.1. Collect 7.5 ml of the blood sample from a CTC preservative tube and slowly dispense it into a processing tube. 
2.1.1. CU/ECU: Talent collects 7.5 ml of a blood sample from a CTC preservative tube into a disposable 10 ml pipette and slowly dispenses it into a processing tube – get shot of label on tube. 
2.2. Add 6.5 ml of dilution buffer to each blood sample, invert five times to mix,  and  centrifuge at 800 x g for 10 min with the brake in the “off” position. 
2.2.1. CU: Talent adds 6.5 ml of dilution buffer to the blood sample using an automated pipettor, inverts five times to mix,.
2.2.2.  MED: Talent places samples in the  centrifuge, and starts a run at 800 x g for 10 min with the brake in the “off” position. 
2.3. For the control preparation, gently vortex the vial for 5 seconds and  invert 5 times to mix. 
2.3.1. CU: Talent gently vortexes the control preparation and  inverts the vial 5 times. 

2.4. Then remove the cap, top with an inverted processing tube, and with one swift motion transfer the sample. Gently flick the sides of the control vial for maximum sample transfer.
2.4.1. CU/ECU: Talent removes the cap, tops with an inverted processing tube, and with one swift motion transfers the sample and then  gently flicks the sides of the control vial.
2.5. Carefully remove the inverted control vial, ensuring that no liquid is lost. Collect the remaining contents from the vial and lid, and gently add to the processing tube.
2.5.1. CU: Talent carefully removes the inverted control vial,
2.5.2. .ECU: Talent collects the remaining contents from the vial and lid using a 1,000 µl pipette, and gently adds it to the processing tube.
2.6. Follow the on-screen instructions on the preparation instrument to load all control and patient samples onto the system for processing.
2.6.1. MED/CU: Talent approaches the instrument,  indicates the on-screen instructions, and starts to load samples.
3. Sample Scanning on the Analysis Instrument 
3.1. Follow the on-screen instructions on the preparation instrument to unload all the samples from the system. Now loosely cap each magnetic device cartridge and tap to release bubbles from the edges. 
3.1.1. MED/CU: Talent unloads the samples from the system. 
3.1.2. ECU: Talent loosely caps a magnetic device cartridge and taps it: by hand to release bubbles from the edges. 
3.2. Then firmly cap the cartridge, lay the magnetic device flat, and incubate in the dark for at least 20 minutes. 
3.2.1. CU/ECU:Talent firmly caps the cartridge, lays the magnetic device flat.
3.2.2. MED: Talent places the device in the dark. 
3.3. Turn on the analysis instrument and initialize the lamp [Text over video: ~ 15 mins]. Load the system verification cartridge onto the analysis instrument. Select the QC Test tab and follow the on-screen instructions to perform the necessary quality control measures.
3.3.1. SCREEN: Talent turns on the analysis instrument and initializes the lamp.
3.3.2. MED/CU: Talent loads the system verification cartridge onto the analysis instrument. 
3.3.3. SCREEN: Talent selects the QC Test tab to display on-screen instructions for the quality control measures.
3.4. Next, load a sample onto the analysis instrument and select the Patient Test tab. 
3.4.1. MED/CU: Talent loads a sample onto the analysis instrument.
3.4.2. SCREEN: Talent selects the Patient Test tab. 
3.5. Click Start to initialize the sample scanning. Adjust all the edges as necessary using the directional keys. Then select Accept. 
3.5.1. SCREEN: Tlaent clicks Start to initialize the sample scanning. 
3.5.2. SCREEN: Talent adjusts all the edges using the directional keys and then selects Accept. 
4. CTC Characterization for User-Defined Markers using the CSS
4.1. To prepare user-defined markers, dilute the antibody of interest with Bond Primary Antibody Diluent. 
4.1.1. CU/ECU: Talent dilutes the antibody of interest with Bond Primary Antibody Diluent in a in a marker reagent cup. 

4.2. Place the marker reagent cup into position 1 in the reagent cartridge and load the cartridge onto the CellSearch System.
4.2.1. MED/CU: Talent places the marker reagent cup into position 1 in the reagent cartridge.

4.2.2.  MED-over-the-shoulder: Talent loads the cartridge onto the CellSearch System.

4.3. To enable custom marker addition, select User Defined Assay when prompted by the preparation instrument. Input the marker name and select Save. 
4.3.1. SCREEN: Talent selects User Defined Assay, inputs the marker name and select sSave. 

4.4. Once sample processing is complete, load a sample onto the analysis instrument and select the Setup tab.
4.4.1. CU: Talent loads a sample onto the analysis instrument .

4.4.2. SCREEN: Talent selects the Setup tab.

4.5.  To initialize the FITC channel, select CellSearch CTC as the Kit ID under the Test Protocols section. From this menu, select CTC Research, click the Edit button and set the exposure time as desired. 
4.5.1. SCREEN: Talent selects CellSearch CTC as the Kit ID under the Test Protocols section. 
4.5.2. SCREEN: From this menu, Talent selects CTC Research, clicks the Edit button and sets an exposure time. 

5. Adaptation of the Standard CSS Protocol : Pre-Clinical Mouse Models 
5.1. Collect a minimum of 50 µl of mouse blood into a 1 ml EDTA microtainer tube and mix by inversion to prevent clotting.  [Text over video: saphenous vein for serial CTC, or cardiac puncture for terminal CTC].
5.1.1. MED/CU: Talent removes needle from syringe and deposits collects ~50 µl of blood into a 1 ml EDTA microtainer tube from mouse saphenous vein.
5.1.2. ECU: Taletn mixes the tube by inversion .
5.2. For CTC enrichment, transfer the equivalent of 50 µl of whole blood into a flow cytometry tube. Add 500 µl of dilution buffer to each sample, washing down blood off the sides of the tube. 
5.2.1. CU: Talent transfers the equivalent of 50 µl of whole blood into a 12x75 mm flow cytometry tube. 
5.2.2. ECU: Talent adds 500 µl of dilution buffer to a sample, washing down blood off the sides of the tube. 

5.3. Gently vortex the anti-EpCAM ferrofluid, and add 25 µl to each sample. Also add 25 µl of Capture Enhancement reagent. Vortex the samples gently, and  incubate at room temperature for 15 minutes. 
5.3.1. CU: Talent gently vortexes the anti-EpCAM ferrofluid.

5.3.2. ECU: Talent adds 25 µl to a sample placing the tip of the pipette directly into the sample. 
5.3.3. CU: Talent adds 25 µl of Capture Enhancement reagent and vortexes the samples gently.

5.3.4. MED: Talent  sets sample on rack  at room temperature. 

5.4. Next, place the sample tubes into the magnet for 10 minutes. Carefully aspirate the residual liquid without touching the wall of the tube next to the magnet, and discard.
5.4.1. MED/CU: Talent places the sample tubes into the magnet. 

5.4.2. ECU: With a glass pipette, Talent carefully aspirates the residual liquid without touching the wall of the tube next to the magnet, and discards it.
6. CTC Staining
6.1. Remove the sample tubes from the magnet and add 50 µl of Nucleic Acid Dye, 50 µl of Staining Reagent, 1.5 µl of anti-mouse CD45-APC, 5.0 µl of anti-human HLA-AlexaFluor488 and 100 µl of Permeabilization Reagent. Vortex gently, and incubate for 20 minutes at room temperature.  
6.1.1. CU/ECU: Talent removes the sample tubes from the magnet and adds 50 µl of Nucleic Acid Dye, 50 µl of Staining Reagent, 1.5 µl of anti-mouse CD45-APC, 5.0 µl of anti-human HLA-AlexaFluor488 and 100 µl of Permeabilization Reagent. 
6.1.2. CU: Talent vortexes the tube gently, and places on a rack at room temperature..  

6.2. Now add 500 µl of dilution buffer and vortex gently. Place the sample tubes into the magnet for 10 minutes. Carefully aspirate the residual liquid and discard.
6.2.1. CU: Talent adds 500 µl of dilution buffer and vortexes gently. 
6.2.2. MED/CU: Talent places the sample tubes into the magnet.
6.2.3. ECU: Talent  carefully aspirates the residual liquid and discards it.
6.3. Then  resuspend  the pellets in 350 µl of dilution buffer. Vortex gently to mix. 
6.3.1. ECU: Talent  resuspends  the pellet in 350 µl of dilution buffer and  vortexes gently to mix. 

6.4. Aspirate the sample into a gel loading tip,  and transfer to the magnetic device by starting at the bottom of the cartridge and slowly withdrawing the tip as the sample is dispensed.  
6.4.1. ECU: Talent aspirates the entire sample tube into a gel loading tip,  and transfers it to the magentic device by starting at the bottom of the cartridge and slowly withdrawing the tip as the sample is dispensed.  

6.5. After removing air  bubbles using a sterile 22 gauge needle, firmly cap the cartridge, lay the magnetic device flat, and incubate in the dark for at least 10 minutes. 
6.5.1. MED/CU: Talent removes air  bubbles using a sterile 22 gauge needle, firmly caps the cartridge, lays the magnetic device flat.

6.5.2. MED: Talent places the device in the dark. 

7. Scanning of Manually Separated Samples 
7.1. Load the sample onto the analysis instrument and select the Setup tab. To clear existing data, click the Format Sample button. 
7.1.1. ECU: Talent loads the sample onto the analysis instrument.

7.1.2. SCREEN: Talent selects the Setup tab and clicks the Format Sample button. 

7.2. Select CellSearch CTC as the Kit ID, and CTC Research as the Test Protocol. From this menu ensure that the appropriate exposure time has been selected. 
7.2.1. SCREEN: Talent selects CellSearch CTC as the Kit ID, and CTC Research as the Test Protocol. Talent indicates that the appropriate exposure time has been selected. under the Setup tab,  clicks on the Patient Test tab, and selects Edit to input the sample information. 
7.3. Select the Patient Test tab, and select Edit to input the sample information.
7.3.1. SCREEN: Talent selects clicks on the Patient Test tab, and selects Edit to input the sample information. CellSearch CTC as the Kit ID, and CTC Research as the Test Protocol.
7.4. Input the remaining necessary information as indicated. Then Save the sample information and click Start. 
7.4.1. SCREEN: Talent inputs the remaining necessary information as indicated and saves the sample information.
7.4.2. SCREEN: Talent saves the sample information and clicks Start. 
8. Results: CTC assays in clinical and pre-clinical research 
8.1. To validate circulating tumor cell recovery, spiked human prostate cancer cells and unspiked human blood samples from healthy volunteer donors were processed on the CellSearch system using the standard CellSearch CTC protocol. 
8.1.1. LAB MEDIA: Figure 1A and B.
8.2. As expected, unspiked samples were free of circulating tumor cells. The CTC recovery for spiked samples was 86.9% .
8.2.1. LAB MEDIA: Figure 1A
8.3. These CellSearch gallery images obtained from spiked samples are of optimal quality, and the CTCs are easy to distinguish from non-CTCs. The identification of CTCs is slightly more challenging from cancer patients, with many cells appearing smaller in size and being less easily distinguishable from non-CTCs. 
8.3.1. LAB MEDIA Figure 1B left panel
8.3.2. LAB MEDIA Figure 1B, right panel.
8.4. In addition, when reviewing patient samples, six categories of events posed commonly discrepant items between reviewers.
8.4.1.  LAB MEDIA Figure 1C
8.5. CTC kit selection must be considered when developing user-defined markers. 
8.5.1. LAB MEDIA: Figure 2A and B.

8.6. Using a cell line known to demonstrate 98.4% positivity for the cancer stem cell marker CD44, the FITC-based CTC kit only classified 69.3% of CTCs as CD44positive. However, using the PE-based CXC kit, 98.8% of CTCs were classified as CD44 positive.  

8.6.1. LAB MEDIA: Figure 2A
8.7. Appropriate optimization of any user-defined marker requires validation using high antigen density, low antigen density, and negative cell lines for the marker of interest to ensure assay sensitivity and specificity.
8.7.1. LAB MEDIA: Figure 2B
8.8. This experiment evaluates the  sensitivity and specificity of the adapted mouse CellSeach protocol. As expected, unspiked samples were free of CTCs using both assays, and CTC recovery using the adapted mouse kit and the standard automated system were comparable.
8.8.1. LAB MEDIA: Figure 3A and 3B
8.8.2. LAB MEDIA: Figure 3A
8.9. Images obtained using the manual mouse adapted protocol did not differ from those observed using the standard automated technique. The addition of HLA-FITC to this assay ensures that human tumor cells can be easily distinguished from mouse squamous epithelial cells.
8.9.1. LAB MEDIA: Figure 3B.
8.10. Serial dilutions of spiked mouse blood samples and the correlation of expected number of cells versus recovered number of cells confirm that this technique is as sensitive as the standard CSS protocol for the isolation of low number of CTCs. 
8.10.1. LAB MEDIA: Figure 3C.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
9. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
9.1. Lori Lowes: After watching this video, you should have a good understanding of how to perform automated and manual CTC enrichment from both human and mouse xenograft blood samples. Additionally you should have a greater understanding of the steps necessary for designing and optimizing CTC characterization protocols for use in combination with the CellSearch system. 
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, 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.  

8.1 – 51248_AlisonAllan_Figure1A.psd – Human CTC percent recovery graph 
8.2 – 51248_AlisonAllan_Figure1B_Left.psd – Spiked sample CellSearch images
8.2 – 51248_AlisonAllan_Figure1B_Right.psd – Patient sample CellSearch images

8.3 – 51248_AlisonAllan_Figure1C.psd – Commonly discrepant items

8.4 – 51248_AlisonAllan_Figure2A.psd – CTC versus CXC kit for CD44 characterization graph

8.5 – 51248_AlisonAllan_Figure2B.psd – High, low, and non-expressing cell line optimization

8.6 – 51248_AlisonAllan_Figure3A.psd – Human versus mouse CTC recovery graph

8.7 – 51248_AlisonAllan_Figure3B.psd – Human versus mouse CellSearch images

8.8 – 51248_AlisonAllan_Figure3C.psd – Serial dilution CTC recovery plot
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.

( 2011, Journal of Visualized Experiments


