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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) N

If yes, please list make and model of your microscope: and specify the steps by number/short description: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 

(1) The isolation of cancer stem cell population using ALDEFLUOR/ALDH as a marker. (2) The generation of dendritic cells (DCs) from the bone marrow of mice. (3) The use of the cancer stem cell lysate as a source of antigen to pulse dendritic cells. (4) The use of cancer stem cell-DC as a vaccine.

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 is to obtain a true preparation of cancer stem cells from tumor. To ensure success, we need to select a reliable marker, e.g. ALDEFLUOR/ALDH, and test the stemness of the ALDEFLUOR+/ALDHhigh sub-population in several syngeneic immunocompetent hosts as we reported previously.
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.  
Procedural Narrative:
The overall goal of this procedure is to evaluate the antitumor immunity of a cancer stem cell-, or CSC-, based dendritic cell, or DC, vaccine in an immunocompetent host. (Intro) 
This is accomplished by first isolating ALDEFLUOR+-aldehyde dehydrogenase, or ALDH,high CSCs from heterogeneous tumor cells. (P1) 
In the second step, CSC-DCs are isolated and then pulsed with lysate for the vaccine. (P2) 
Next, the CSC-lysate pulsed DC, or TPDC, vaccine is administered to normal syngeneic immunocompetent hosts. (P3) 
Then, in the final step, the protective antitumor efficacy of the CSC-TPDC vaccine is assessed. (P4) Ultimately, ELISAs can be performed to evaluate the CSC-TPDC vaccine-induced anti-CSC immunity by host T cells and antibodies. (P5)

(P1) Use 2.10.2. (cells being sorted)
(P2) Use 3.8.1. (DC being collected) AND 3.10.1. (lysate being added to DC)
(P3) Use 4.1.2. (DC being injected)
(P4) Use 4.4.1. (spleen being lifted out of mouse)
(P5) Fig 4.pdf 

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 also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Max S. Wicha: We first had the idea for this method when we noticed that the inability to target cancer stem cells with the current immune approaches may be the reason for treatment failures, and that ALDEFLUOR/ALDH can be used as a reliable marker for isolation of cancer stem cells from human breast cancer tissue.

1.2. Max S. Wicha: Demonstrating the procedure will be Lin Lu and Huimin Tao, grad students from our laboratory, and Dr. Qiao Li, who has co-supervised this project. 

1.2.1. Interview style: Author saying the above 

1.2.2. 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):
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. ALDEFLUOR staining
2.1. Begin by suspending the tumor cells of interest in ALDEFLUOR Assay Buffer at a 1x106 cells/ml concentration. Then transfer all but 3 ml of the tumor cells to each of the sample tubes and label four 12 x 75 mm polystyrene control test tubes as follows: Unstained, ALDEFLUOR, ALDEFLUOR plus DEAB (Pronounce: D-E-A-B) and 7AAD. 

2.1.1. WIDE: Talent adding buffer to cells

2.1.2. MED: Talent adding cells to at least one sample tube

2.1.3. CU: Shot of three tubes with labels visible (on ice or in rack, wherever appropriate), pan focus to each tube as mentioned: unstained, aldefluor, aldefluor plus deab [TEXT: DEAB (diethylaminobenzaldehyde): aldehyde dehydrogenase (ALDH) inhibitor]; then last tube (7AAD) enters frame next to other tubes with label visible 

2.2. Dispense 1 ml of the cell suspension into the unstained and 7AAD tubes and 2 ml into the ALDEFLUOR tube. Then add 5 ul of DEAB into the ALDEFLUOR + DEAB tube. 

2.2.1. MED: Talent adds cells suspension to unstained, then 7AAD tube, then ALDEFLUOR tube (Video Editor: Just enough action for narrative is fine, don’t have to show all tubes)

2.2.2. MED: Talent adds 5 ul DEAB to aldefluor + deab tube

2.3. Place the tubes on ice and then mix 10 ul of activated ALDEFLUOR substrate into the ALDEFLUOR tube. 

2.3.1. MED: Talent places tubes on ice

2.3.2. CU: Shot of aldefluor substrate being mixed into aldefluor tube

2.4. Immediately transfer 1 ml of the substrate solution to the ALDEFLUOR + DEAB tube and then add 2 ul of activated ALDEFLUOR substrate per 1 million cells to each of the sample tubes. 
2.4.1. MED: Talent transferring substrate from aldefluor tube to aldefluor + deab tube

2.4.2. CU: Substrate being added to at least one sample tube
2.5. Incubate all the tubes in a 37°C water bath for 30 minutes, and then add 5 ul of 7AAD to the 7AAD tube and 1ul of 7AAD per 1 million cells to each sample tube. 

2.5.1. MED: Talent placing tube(s) into water bath

2.5.2. MED: Talent adds 7AAD to 7AAD tube, then 7AAD to at least one sample tube

2.6. Hold these tubes at 4°C for 10 minutes, centrifuge all of the tubes for 5 minutes at 250 x g at room temperature, and resuspend the pellets in ALDEFLUOR Assay Buffer for fluorescence activated cell sorting. 
2.6.1. MED: Talent placing tube(s) at 4°C

2.6.2. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 250 x g, RT)
2.6.3. CU: Buffer being added to least one tube

2.7. To set the sorting gates, use the ALDEFLUOR + DEAB cells as the negative control and the 7AAD-stained cells as the viability control. 

2.7.1. MED – over the shoulder: Talent at flow cytometer, setting gates

2.7.2. SCREEN LabMedia: Few seconds of aldefluor+deab tube being used to set negative control gate
2.7.3. SCREEN LabMedia: Few seconds of 7AAD tube being used to set viability control gate
2.8. Based on these controls, establish a gate to distinguish the ALDEFLUOR+/ALDHhigh, D5 and SCC7 cells. Then use this gate to sort the sample cells into ALDEFLUOR+/ALDHhigh, D5 and SCC7 populations. 

2.8.1. SCREEN LabMedia: Few seconds of ALDEFLUOR+/ALDHhigh, D5 and SCC7 cell gates being set
2.8.2. SCREEN: Few seconds of cells being sorted into ALDEFLUOR+/ALDHhigh, D5 and SCC7 populations OR CU: Shot of cells being sorted into appropriate labeled sample tubes 
3. Preparation of cancer stem cell lysate-pulsed dendritic cell (CSC-TPDC) vaccine
3.1. To generate the dendritic cells, first isolate the femur and tibia bones from a C57BL/6 and a C3H mouse.

3.1.1. WIDE: Few seconds of Talent working on mouse at bench (Videographer: Do not get mouse in shot) (TEXT: Euthanasia: CO2)
3.1.2. CU/ECU: Shot of bone from one leg being removed from one mouse (Videographer: Get only leg/lower abdomen of mouse in shot at most)
3.2. Sterilize the bones in 75% ethanol for 1 minute at room temperature and then wash them in HBSS.

3.2.1. MED: Talent places bones in ethanol

3.2.2. CU: Few seconds of bones being washed in HBSS

3.3. Next, cut the ends off the bones, and then use a 10 ml syringe equipped with a 21 gauge needle to flush the bone marrow into a Petri dish.

3.3.1. CU: Shot of end(s) of at least one bone being cut off

3.3.2. CU: Shot of needle entering end of one bone and of bone marrow being flushed into petri dish for a few seconds

3.4. Aspirate and dispense the cells a few times to create a single cell suspension, and then spin down the cells. Incubate the pellet in 5 ml of red blood cell lysis buffer for 1 minute in a 37°C water bath.

3.4.1. CU: Few seconds of cell solution being aspirated and dispensed into and out of syringe

3.4.2. CU: Tube(s) being placed into centrifuge (TEXT: 5 min, 250 x g, RT)

3.4.3. MED: Talent places tube in water bath

3.5. After counting the cells, adjust the volume to 1x106 cells/ml in culture medium supplemented with GM-CSF and IL-4. Then culture the cells at 37°C and 5% CO2, refreshing the media and cytokines after 3 days.

3.5.1. MED: Talent adding medium to tube

3.5.2. MED: Talent places cells in incubator

3.5.3. MED – over the shoulder: Talent adding media to cell culture, with media and cytokines visible in frame
3.6. On day 5, harvest the immature dendritic cells. After spinning down the cells, resuspend the pellets in 5 ml of culture media and then slowly layer the cell suspension onto freshly prepared isolation media. 
3.6.1. MED: Few seconds of Talent aspirating cell suspension from culture

3.6.2. CU: Shot of pellet if visible (TEXT: 5 min, 250 x g, RT), then media being added to cells

3.6.3. CU: Few seconds of cells being layered onto isolation media
3.7. After centrifuging the cells again, collect the DCs between the culture medium and isolation medium layers. Then after counting the cells, adjust the volume to a 1x106 cell/ml concentration in culture medium supplemented with GM-CSF and IL-4.

3.7.1. CU: Shot of layers (TEXT: 20 min, 300 x g, RT), then few seconds DCs being collected (Video Editor: If possible, please indicate the “Culture medium” and “Isolation medium” layers with arrows and the appropriate accompanying TEXT when mentioned)

3.7.2. MED: Talent adding media to cell culture, with media and cytokines visible in frame

3.8. Now create the tumor lysates by subjecting the sorted tumor cells to rapid freeze-thaw exposures four times followed by centrifugation to collect the membrane portion of the lysates. 
3.8.1. MED: Talent places cells/tube in freezing conditions (Videographer: Combine 3.9.1. and 3.9.2. as appropriate)

3.8.2. MED: Talent places cells/tube in warming conditions (Videographer: Combine 3.9.1. and 3.9.2. as appropriate)

3.8.3. CU: Tube(s) being placed in centrifuge (TEXT: 5 min, 100 x g, RT) 

3.9. Then pulse the DCs with the lysate from the sorted autologous ALDHhigh cells to prepare the CSC-TPDCs. To prepare the H-TPDC (Pronounce: H-T-P-D-C), pulse the DCs with unsorted heterogeneous tumor cell lysate.

3.9.1. MED – over the shoulder: Talent adding lysate to a few wells of DC in multi-well plate, with container labeled ALDHhigh cells visible in frame (TEXT: Cancer Stem Cell Tumor Pulsed Dendritic Cells)

3.9.2. CU: Lysate being added to a few wells of DC in multi-well plate, with container labeled unsorted lysate (or similar) visible in frame (TEXT: Heterogeneous Tumor Cell Pulsed Dendritic Cells) 
4. Vaccination and evaluation of the efficacy
4.1. To vaccinate the experimental recipient animals, subcutaneously inject 1x106 of the pulsed cells suspended in 100 ul of PBS into the left flank of each mouse.  

4.1.1. WIDE: Few seconds Talent injecting C57BL/6 mouse (TEXT: D5 CSC-TPDC or D5 H-TPDC into C57BL/6) 

4.1.2. CU: Shot of mouse being injected sc in left flank C3H mouse (TEXT: SCC7 CSC-TPDC or SCC7 H-TPDC into C3H)

4.2. After vaccination, intravenously administer heterogeneous 1x105 D5 tumor cells in 100 ul of PBS to challenge the C57BL/6 recipient mice. 20 days later, enumerate the metastases within the harvested lung tissue from these animals.
4.2.1. CU: Few seconds tumor cells being injected i.v. into tail vein of C57BL/6 mouse 

4.2.2. CU: Talent at microscope, counting metastases

4.3. For the SCC7 (Pronounce: S-C-C-7) model, subcutaneously challenge the C3H recipient mice with 1x106 unsorted SCC7 tumor cells in 100 ul of PBS on the opposite side of the DC vaccine and monitor the tumor size until the diameter of the tumor reaches 15 mm. 
4.3.1. CU: Shot of tumor cells being injected in right flak of C3H mouse

4.3.2. CU: Few seconds of mouse with ~15 mm tumor walking around in cage 
4.4. Create a single cell suspension from the spleens of the recipient C3H mice. Then activate the splenic T and B cells with immobilized anti-CD3 and anti-CD28 monoclonal antibodies in culture medium supplemented with the appropriate stimulus.

4.4.1. MED: Talent triturating media/cells in 50 ml tube or appropriate container

4.4.2. MED – over the shoulder: Talent adding antibodies to a few wells in plate, with Ab containers with labels visible in frame (TEXT: e.g., hrIL-2 or LPS plus anti-CD40 mAb ascites)

4.5. After 4 days, collect the supernatants and then coat ELISA plates with antibodies against IFN-gamma, GM-CSF or IgG at 4°C overnight. 

4.5.1. MED: Talent collecting supernatant from 1-2 wells
4.5.2. CU: Ab being added to at least a few wells, with Ab container label visible in frame (TEXT: 1° Ab, 4°C, O/N)
4.6. The next day, block for non-specific binding, plate the standards and the just collected supernatants, and then incubate the plates at room temperature.

4.6.1. CU: BSA or similar (container with label visible in frame) being added to at least a few wells

4.6.2. CU: Few seconds of standards/supernatants being plated

4.6.3. MED: Talent placing plates at RT (TEXT: 2 hrs: IFN, GM-CSF; 1 hr: IgG)

4.7. After washing, add HRP detection antibody for 1 hour and then add the TMB substrate.
4.7.1. CU: HRP being added to at least a few wells (TEXT: 2° Ab, RT, 1 hr)

4.7.2. CU: TMB being added to at least a few wells
4.8. Finally, measure the absorbance on an ELISA plate reader at 450 nm within 30 minutes of stopping the reaction. 

4.8.1. MED: Talent placing plate into plate reader
5. Results: CSC-TPDC vaccination significantly inhibits murine tumor growth activity
5.1. ALDEFLUOR has been used as a single marker to isolate stem cells in multiple malignancies, including the two cancer stem cell-enriched populations D5 and SCC7. Specifically, as demonstrated in these dot plots, ALDEFLUOR+ cells contribute approximately 0.5% and 5.2% of cultured D5 and SCC7 tumor cell lines, respectively. Freshly harvested tumor cells also have been determined to contain 2.5% and 4.2% of the ALDEFLUOR+ cells from in vivo established D5 and SCC7 tumors, respectively. Tumor cells treated with DEAB, a specific ALDH inhibitor, were used as a negative control. 

5.1.1. LAB MEDIA: Fig 1.pdf 

(Video Editor: with “ALDEFLUOR+ cells contribute approximately 0.5%” please highlight the cells or gate on the righthand side and the 0.5% text of the right dot plot in the “cultured d5/without DEAB” dot plots; 

with “and 5.2%” please highlight the cells or gate on the righthand side and the 5.2% text of the right dot plot of the “cultured scc7/without DEAB” dot plots; 

with “to contain 2.5%” please highlight the cells or gate on the righthand side and the 2.5% text of the right dot plot of the “fresh d5/without DEAB” dot plots; 

with “and 4.2%” please highlight the cells or gate on the righthand side and the 4.2% text of the right dot plot of the “fresh scc7/without DEAB” dot plots; 

with “Tumor cells treated with DEAB … negative control” please highlight the left/with DEAB dot plots in all of the groups)

5.2. The immunogenicity of cancer stem cells was evaluated by examining the protective antitumor immunity induced by CSC-TPDCs using the just demonstrated vaccination model. As shown in this table, mice treated with the H-TPDCs developed fewer lung metastases than mice treated with PBS alone. Importantly, mice treated with CSC-TPDCs had still fewer lung metastases than animals treated with the H-TPDC or PBS alone. 

5.2.1. LAB MEDIA: Table 1.doc (Authors: please provide Table 1 as an .ai, .psd, or .tif file) 

(Video Editor: with “mice … developed fewer lung metastases” please highlight the H-TPDC data cells; 

with “than with PBS alone” please highlight the PBS data cells; 

with “mice treated with CSC-TPDC … alone” please highlight the CSC-TPDC data cells) 

5.3. In the SCC7 model, normal C3H animals were vaccinated as just demonstrated. Compared with the control group, H-TPDCs induced modest anti-tumor immunity, while CSC-TPDCs induced significant tumor growth inhibition. These results indicate that CSCs may be able to be used as a more effective antigen source for loading DCs than traditional unsorted tumor cells for inducing protective immunity against the challenge of tumor cells.

5.3.1. LAB MEDIA: Fig 3.pdf 

(Video Editor: show graph without bracket/arrows and P<0.0001 and P=0.0027 texts, 

then with “Compared with the control group, H-TPDC induced modest anti-tumor immunity” please stretch an arrow/bracket from the H-TPDC group of data points to the PBS group of data points; 

with “while … inhibition” please stretch an arrow/bracket from the CSC-TPDC group of data points to the PBS group of data points and have P < 0.0001 text appear)

5.4. To further understand the mechanisms underlying the observed CSC-induced protective antitumor immunity, splenocytes from DC-vaccinated animals were activated and their cytokine production was measured by ELISA as just demonstrated. There was significantly higher cytokine production by the splenocytes harvested from animals vaccinated with D5 CSC-TPDCs or SCC7 CSC-TPDCs than those harvested from animals vaccinated by D5 H-TPDCs or SCC7 H-TPDCs. 

5.4.1. LAB MEDIA: Fig 4.pdf (Authors: Please upload Fig 4.pdf with y-axis number texts in a larger [more readable] font)

(Video Editor: with “D5 CSC-TPDC” please highlight the black data bars in the left graphs in each row; 

with “SCC7 CSC-TPDC” please highlight the black data bars in the right graphs in each row; 

with by “D5 H-TPDC” please highlight the white data bars in the left graphs in each row; 

with “SCC7 H-TPDC” please highlight the white data bars in the right graphs in each row)  
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
6. 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.
6.1. Max S. Wicha: Following this procedure, other methods like surgery, chemotherapy, radiation therapy, or the combination of cancer stem cell-DC vaccine with these traditional cancer treatments can be performed in order to answer additional questions, like can cancer stem cell-DC vaccines be used in an adjuvant setting to prevent local tumor recurrence and metastasis?
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.  

Fig 1.pdf

Fig 3.pdf

Fig 4.pdf

Table

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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