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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) N/A  

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) 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.) 2.2, 2.3, 3.2, 4.4, 5.5, 5.7
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.) 2.3 and 3.3. The washing steps are important for the application, since it’s important for making sure the purification of SWCNT/SWCNT-oligonucleotides is sufficient for reducing the side effects as much as possible.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? On the same floor, and the distance is less than 50m
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jianjun Zhao: This method enables conjugation of oligonucleotides to a single wall carbon nanotube, which is a new type of nanoparticle for drug delivery. 
1.2. Yi Hu: The main advantage of this technique is more efficient delivery of oligonucleotide drugs into cells in vivo. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jianjun Zhao: The implications of this technique extend toward multiple myeloma therapy, because it employs nanoparticles to improve the delivery of oligonucleotide drugs.

1.4. Jianjun Zhao: Though this method can provide insight into treatment for multiple myeloma, it can also be applied to other diseases, and conjugated with other cargos, such as proteins and small molecules.
C.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Cleveland Clinic Lerner Research Institute.
Protocol: (read by voice talent at JoVE) 
2. Synthesis of Functionalized SWCNTs 
2.1. First, mix 1 milligram of single wall carbon nanotubes, 5 milligrams of DSPE-PEG2000-Amine, and 5 milliliters of sterilized nuclease-free water in a 20 milliliter glass scintillation vial [1-WIDE/MED]. 
2.1.1. Talent adds materials to vial. Show single wall carbon nanotube and DSPE-PEG2000-Amine container labels in frame if possible.

2.2. Sonicate the vial in a water bath sonicator at a power level of 90 watts for 1 hour at room temperature [1-MED-TXT]. Following sonication, centrifuge the vial at 24,000 x g for 6 hours [2-MED-over the shoulder]. Then, collect the supernatant solution [3-MED-TXT]. 
2.2.1. Talent places vial in sonicator and turns it on. TEXT: Change H2O every 20 min to avoid overheating.

2.2.2. Talent places it in centrifuge, inputs the settings and turns the centrifuge on.

2.2.3. Talent transfers supernatant into another vial. TEXT: Can be stored at 4 °C for 2 months.

2.3. Add 1 milliliter of the single wall carbon nanotube solution to a 100-kilodalton molecular weight cutoff centrifugal filter device, followed by 4 milliliters of sterilized nuclease-free water [1-MED-over the shoulder]. Centrifuge for 10 minutes at 4,000 x g at room temperature to remove the excess amine [2-MED-TXT]. 
2.3.1. Talent adds single wall carbon nanotube solution and water to centrifugal filter device.

2.3.2. Talent places sample in centrifuge, inputs the settings and turns the centrifuge on. TEXT: Repeat H2O addition and centrifugation 5x. 
3. Conjugation of Anti-MALAT1-1/2 Gapmer DNA Flanked by 2’-O Modified RNAs to Functionalized SWCNT
3.1. Add 0.5 milligrams of Sulfo-LC-SPDP to 450 microliters of the amine-functionalized single wall carbon nanotube [1-MED-over the shoulder]. Then, add 50 microliters of 10x PBS and incubate for 2 hours at room temperature [2-MED].  
3.1.1. Talent adds Sulfo-LC-SPDP to vial containing amine-functionalized single wall carbon nanotube. Show Sulfo-LC-SPDP container label in frame if possible.

3.1.2. Talent adds PBS to vial and sets it on the lab bench for incubation.
3.2. Next, add the reaction mixture to a 100-kilodalton molecular weight cutoff centrifugal filter device, followed by 4 milliliters of nuclease-free water [1-MED-over the shoulder]. Centrifuge the sample for 10 minutes at 4,000 x g at room temperature to remove the excess Sulfo-LC-SPDP [2-MED-TXT]. 
3.2.1. Talent adds reaction mixture and water to centrifugal filter device.

3.2.2. Talent places sample in centrifuge, inputs the settings and turns the centrifuge on. TEXT: Repeat H2O addition and centrifugation 5x.
3.3. Collect the sulfo-LC-SPDP-treated amine single wall carbon nanotube solution left in the filter and dilute it with 500 microliters of previously prepared anti-MALAT1-Cy3 solution [1-MED-over the shoulder]. Then, incubate the sample at 4 degrees Celsius overnight [2-MED-TXT].  
3.3.1. Talent transfers solution from filter to vial and adds anti-MALAT1-Cy3 solution to vial. Show anti-MALAT1-Cy3 solution container label in frame if possible.

3.3.2. Talent places vial in refrigerator for incubation. TEXT: Can be stored at 4 °C for 3 weeks.

4. Tail Vein Injection of SWCNT-Anti-MALAT1

4.1. To achieve the best results of comparison, randomly arrange 14 mice into trial or control groups with seven in each group and with the same male to female ratio in each group [1-MED-over the shoulder-TXT].  
4.1.1. Talent arranges mice into groups. TEXT: NOD.CB17-Prkdcscid/J. Video Editor: overlay should appear at mention of “14 mice”. 
4.2. Next, clean the operation bench and sterilize it with 70 percent ethyl alcohol [1-MED]. 
4.2.1. Talent cleans and sterilizes operation bench.
4.3. Use a heating lamp to warm one of the mice to help the tail vein to appear [1-MED-over the shoulder]. Restrain the mouse properly with a tail injection restrainer [2-MED]. 
4.3.1. Talent places mouse under heating lamp and turns lamp on.

4.3.2. Talent restrains the mouse.
4.4. Inject H929-Luc-mCherry cells in 50 microliters of PBS through the tail vein without anesthesia [1-CU-TXT]. Press the injection site with an alcohol swab for 30 seconds [2-MED-over the shoulder]. Then, mark the injected mouse and return it to a clean cage [3-MED].
4.4.1. Mouse as talent injects cells into its tail vein. TEXT: 5 x 106. Video Editor: overlay should appear at mention of “H929-Luc-mCherry cells”.

4.4.2. *Film as written.

4.4.3. *Film as written.
4.5. On day 7 after the H929 cell injection, inject 50 microliters of PBS containing single wall carbon nanotube-anti-MALAT1 into the tail vein of the mouse [1-CU-TXT]. Then, press the injection site with an alcohol swab for 30 seconds [2-MED]. 
4.5.1. Mouse as talent injects into its tail vein. TEXT: Use SWCNT in PBS as control.
4.5.2. *Film as written.
4.6. Observe the local bleeding on the tail and the general behavior of the mouse for 1 minute, and then return it to a clean cage [1-MED-over the shoulder]. Observe all injected mice again before returning the cage to the rack, to make sure that the injections are tolerated well [2-MED]. 
4.6.1. Talent checks tail for bleeding, observes the mouse, and places it back into cage. 
4.6.2. Talent observes mice in cage.

5. Evaluation of the Disease Progression
5.1. Weight each mouse before dissection [1-MED]. 
5.1.1. Talent places mouse on balance and records the weight.
5.2. Collect peripheral blood from the heart for a complete blood count assay performed by a blood cell counter machine [1-MED-over the shoulder-TXT]. 
5.2.1. Talent collects blood from the heart. TEXT: White/red blood cell count and lymphocyte ratio are primary indexes.

5.3. Next, collect the tissues of the bone marrow, spleen, lymph node, kidney, and the tissue with visible metastasis [1-CU]. 
5.3.1. Mouse as talent collects the tissue and organs.
5.4. Extract RNA and protein from the bone marrow samples [1-MED]. 
5.4.1. *Film as written.
5.5. Fix all remaining tissues in formalin [1-MED-over the shoulder]. 
5.5.1. Talent places tissues in container of formalin.
5.6. After 24 hours of fixation, immerse the bone samples in a 0.5 molar EDTA solution for 5 days for decalcification [1-MED]. Then, immerse all samples in 75 percent ethyl alcohol for long-term storage [2-MED-over the shoulder].  
5.6.1. Talent places bone samples in container of EDTA solution.
5.6.2. Talent immerses samples in container of alcohol.
6. Results: SWCNT-anti-MALAT1 Oligonucleotides Successfully Represses Multiple Myeloma Cell Growth 
6.1. qRT-PCR results showed that anti-MALAT1 gapmer DNA knocked down the MALAT1 expression and induced apoptosis significantly in H929 and MM.1S cells [1-LM]. 
6.1.1. 58598fig2.jpg: Show figures A and B. Zoom into or emphasize figure A and highlight Anti-MALAT1 bars in both H929 and MM.1S graphs at mention of “anti-MALAT1 gapmer DNA knocked down the MALAT1 expression”. Zoom into or emphasize figure B and highlight Anti-MALAT1 bars in both H929 and MM.1S graphs at mention of “induced apoptosis significantly in H929 and MM.1S cells”.
6.2. Single wall carbon nanotube-anti-MALAT1-Cy3 was delivered into the nucleus of MM cells and significantly suppressed the endogenous MALAT1 level in both H929 and MM.1S cells [1-LM]. 

6.2.1. 58598fig2.jpg: Show figures C and D. Zoom into or emphasize figure C at mention of “Single wall carbon nanotube-anti-MALAT1-Cy3 was delivered into the nucleus of MM cells” and figure D at mention of “significantly suppressed the endogenous MALAT1 level in both H929 and MM.1S cells”. Highlight SWCNT-anti-MALAT1-Cy3 bars in both H929 and MM.1S graphs in figure D.
6.3. The viability of BMEC-1 cell has no significant difference after treatment of single wall carbon nanotube-anti-MALAT1-Cy3 or control at different dosages and time points [1-LM]. This indicates that the toxicity of single wall carbon nanotube-anti-MALAT1-Cy3 has a limited and acceptable toxicity to normal cells at high dosage [2-LM].

6.3.1. 58598fig3.jpg: Show figure E and highlight dark blue bars at mention of “control” and all other bars at mention of “single wall carbon nanotube-anti-MALAT1-Cy3”.
6.3.2. 58598fig3.jpg: Continue showing figure E. 

6.4. A human-MM disseminated mouse model was established to evaluate the treatment effects of single wall carbon nanotube-anti-MALAT1 in vivo [1-LM]. 
6.4.1. 58598fig3.jpg: Zoom into or emphasize figure A.
6.5. The luciferin signals of mice in the single wall carbon nanotube-anti-MALAT1 treatment group were remarkably lower compared to the control after 21 days of treatment [1-LM]. From these results, it was concluded that the single wall carbon nanotube-anti-MALAT1 treatment via intravenous injection could deliver the anti-MALAT1 oligos to tumor cells effectively [2-LM]. 
6.5.1. 58598fig3.jpg: Zoom into or emphasize figure A. Highlight SWCNT-anti-MALAT1 mice under Day 21 label at mention of “the luciferin signals of mice in the single wall carbon nanotube-anti-MALAT1 treatment group were remarkably lower” and Control mice under Day 21 label at mention of “compared to the control after 21 days of treatment”.
6.5.2. 58598fig3.jpg: Continue zooming into or emphasizing figure A.

6.6. No significant side effects of the treatment were observed, indicating that the single wall carbon nanotube-anti-MALAT1 injection is a safe treatment for mice [1-LM]. 

6.6.1. 58598fig3.jpg: Zoom into or emphasize figure B.

7. Conclusion (said by authors on camera)

7.1. Yi Hu: While attempting this procedure, it’s important to remember that the length and molecular composition will influence the delivery efficiency and therapeutic effect of the oligonucleotide drugs.
7.2. Yi Hu: Following this procedure, other methods like conjugation of proteins or small molecules can be performed in order to answer additional questions like using single wall carbon nanotubes to deliver other drugs. 
7.3. Jianjun Zhao: After its development, this technique paved the way for researchers in the cancer therapeutics field to explore delivery of antisense or mimic oligonucleotides not only for multiple myeloma, but also for other diseases.
7.4. Jianjun Zhao: As a new nanoparticle material, single wall carbon nanotubes have good delivery efficiency and limited side-effects, and have the potential to be widely used for therapies for multiple diseases. 
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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