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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

 If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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; 3.1; 3.2; 3.3; 4.5
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.) 3.1;3.2. We have found that thorough mixing of these suspensions is critical.
E.  Will the filming need to take place in multiple locations? N If yes, how far apart are the locations? ___________________________________________________

1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):.   
The overall goal of this protocol is to use cellular vehicles containing gold nanorods as an innovative strategy to deliver plasmonic particles into tumors. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Lucia Cavigli: Our protocol can help answer key questions on the development of photoacoustic and photothermal approaches to image and treat cancer by the use of exogenous contrast agents. 
1.2. Fulvio Ratto: This method rests on the tropism of tumor-associated macrophages to deliver plasmonic particles to tumors. The idea is to isolate these cells from a patient, load them with plasmonic particles in vitro and then inject them back into their host, with the intent to use them as Trojan horses.   

1.3. Claudia Borri: One of the advantages of this approach is the possibility of gaining more control over the optical and biochemical stability of the particles, because their biological interface is fully constructed in vitro. 
Protocol (read by voice talent at JoVE):

2. Preparing Cationic Gold Nanorods
2.1. To begin, purify 6 mL of cetrimonium-capped gold nanorods [1.WID] at a gold concentration of 450 microMolar  [2.MED] using two centrifugations followed by decanting and washing in 500 µM aqueous cetrimonium bromide. [3.MED/TEXT]

2.1.1. Establishing shot, talent unloading the centrifuge

2.1.2. Talent decanting the dead volume and adding 6 ml of 500 µM CTAB
2.1.2.b. Mixing the sample  

2.1.3. loading and programming the centrifuge, TEXT: 12,000 x g, 30 min, Wash 2X
2.2. The ratio of dead to initial volumes for each centrifugation in this protocol should be at or below 1 to 200. [2.CU/TEXT]
2.2.1. decanting off the dead volume, TEXT: 12,000 x g, 30 min, Wash 2X
2.3. Next, wash the particles in 500 µM aqueous CTAB. [CU]
2.3.1. Adding CTAB aliquot to pellet in tube and mixing

2.4. Then, add 1.5 mL of 100 mM acetate buffer with cetrimonium bromide and polysorbate 20 [1.MED/TEXT] into the vessel containing the gold particle pellet. [2.CU]
2.4.1. Decanting, taking aliquot of 1.5 mL of buffer, TEXT: 100 mM acetate + 500 µM CTAB + 0.005% v/v polysorbate 20, pH 5
2.4.2. [merged with 2.4.1.] Loading vessel containing the gold particle pellet with buffer aliquot
2.5. Then, add 7.5 µL of 10 mM alpha-methoxy-omega-mercapto-polyethylene glycol in water [1.MED/TEXT] and leave it to react for 30 minutes at 37 °C.  [2.WID]

2.5.1. Taking aliquot of alpha-methoxy-omega-mercapto-polyethylene glycol and adding to vessel, TEXT: MW ~5000
Videographer: show any mixing that might be done after aliquot additions in all cases.
2.5.2. Transferring vessel to 37 ºC thermo-mixer and starting a timer

2.6. Next, add 7.5 µL of 100 mM Mercaptoundecyl trimethylammonium bromide in dimethyl sulfoxide.  [1.MED] [2.CU]
2.6.1. Removing vessel from thermo-mixer, taking aliquot of 100 mM (11-Mercaptoundecyl)-N,N,N-trimethylammonium bromide in dimethyl sulfoxide

2.6.2. [merged with 2.6.1.] Adding aliquot to vessel 
2.7. Then, let the reaction rest for 24 hours at 37 °C. [MED]
2.7.1. Inserting vessel into thermo-mixer and starting a 24 hour timer

2.8. After 24 hours, add 4.5 mL of 0.005% polysorbate 20 in water. [MED]
2.7.2. Talent moving sample from thermo-mixer to table
2.8.1. Taking aliquot of 0.005% (v/v) polysorbate 20 and adding to vessel, TEXT: 4.5 mL 0.005% (v/v) polysorbate 20

2.9. Now using this mild polysorbate 20 solution, [1.MED/TEXT] purify the particles using four cycles of centrifugation and decantation. [2.MED/TEXT]
2.9.1. Loading centrifuge and programming, TEXT: 12000 x g, 30 min, Wash 4X
2.9.2. Decanting off polysorbate 20, adding back fresh polysorbate 20 and mixing particles into solution, TEXT: 12000 x g, 30 min, Wash 4X
2.9.3. Bringing sample into centrifuge [… or please reuse 2.9.1.]

2.10. Finally, transfer the particles into 600 µL of sterile phosphate-buffered saline.  [1.MED] The nominal concentration of gold should now be 4.5 mM. [2.ECU]
2.10.1. Loading PBS into vessel with gold particle pellet

2.10.2. [merged with 2.10.1.] Detail of mixing pellet into PBS
3. Loading Murine Macrophages with Gold Nanorods 
3.1. To prepare the cells, plate two 60-mm dishes [1.WID] with half a million monocyte/macrophagic cells, in supplemented Dulbecco’s modified eagle medium and grow them for 24 hours. [2.MED/TEXT] 
3.1.1. Establish talent at culture hood, unpacking plates

3.1.2. loading cells onto two plates, covering plates, TEXT: J774a.1
3.1.3. Delivering plates into incubator, TEXT: 37 °C, 5% CO2, 95% air, 100% RH

3.2. After 24 hours, replace the cell medium with fresh medium supplemented with the prepared cationic gold nanorods for a final concentration of 100 µM gold in solution [1.MED] in each Petri dish. [2.CU]

3.2.1. Taking aliquot of gold solution at culture hood and mixing with fresh medium

3.2.2. Removing cell medium 
3.2.3. Loading fresh medium containing gold particles onto one two plates, repeating with next plate

3.3. Then continue the incubation for another 24 hours. [WID]
3.3.1. Loading two plates into the incubator
3.4. The next day, check the cells under a microscope. [MED]

3.4.1. Talent placing a plate under scope and focusing on cells

3.5. They should have normal morphology and many dark intracellular vesicles. [LM]
3.5.1. Author provided – light microscope image of cells at this stage “normal morphology and many dark intracellular vesicles”

3.6. If the cells look good, wash them with fresh medium, detach them using a scraper [1.CU] and merge the cells from two dishes, to have at least two million cells in one collection. [2.MED]
3.6.1. Removing the cell medium and adding new medium

3.6.1.b. Continuing action
3.6.2. Scraping a plate

3.6.3. [merged with 3.6.2.] Transferring media from scraped plate to collection vessel, then scraping next plate and adding media from that plate to the same collection vessel

3.7. Now, centrifuge the collections at 120 Gs for six minutes to remove any excess cationic gold nanorods.  [1.MED] The cell pellets should look almost black.  Discard the supernatants. [2.ECU]
3.7.1. Loading the collection tube into centrifuge and starting the spin
3.7.2. Detail of the pellet, supernatant above is being aspirated or decanted off
3.8. Suspend the pellets in 2 mL of phosphate-buffered saline [1.MED] and count the cells by the use of a Neubauer chamber. [2.CU]
3.8.1. Adding and mixing PBS into pellet

3.8.2. Loading suspension aliquot onto Neubauer chamber
3.9. Then, make suspensions containing two million cells [1.MED] and spin them down at 120 Gs for six minutes. [2.MED]
3.9.1. Adjusting concentration of cells suspensions

3.9.2. Loading adjusted cell suspensions into centrifuge and starting spin
3.10. Bring the pellets up in 2 mL of 3.6% formaldehyde in phosphate-buffered saline [1.MED] and let the cells fix for ten minutes at room temperature. [2.MED]
3.10.1. Unloading centrifuge
3.10.1.b. Decanting supernatant off pellets
3.10.2. Adding 3.6% formaldehyde to pellets and mixing
3.11. Finally, remove the fixative using three phosphate-buffered saline-washes. [MED/TEXT]
3.11.1. Pouring off PFA/supernatant from pelleted cells and adding back PBS, TEXT: Wash 3X using 120 x g, 6 min centrifugations
4. Embedding Macrophages into Chitosan Films 
4.1. One day in advance of starting this procedure, [1.WID] prepare 500 µL of an acidified, 3% weight by volume low molecular weight chitosan solution. [2.MED] Achieve a pH of 4.5 by the addition of acetic acid.  [3.MED]
4.1.1. Preparing chitosan solution, general preparation, weighing materials, etc.
4.1.2. Adding 5 µL acetic acid

4.1.3. Mixing up the components of the chitosan solution

4.2. To thoroughly mix the solution, let it homogenize for 24 hours at 40 °C. [MED]
4.2.1. setting up overnight homogenization at 40 ºC
4.3. The next day, mix the murine macrophages prepared with gold nanorods [1.MED] with all 500 µL of the chitosan solution. [2.CU]
4.3.1. Taking aliquot of cells from the tube
4.3.2. [merged with 4.3.1.] Adding cells to chitosan solution

4.3.3. Mixing up

4.4. In order to get 50-micron-thick phantoms, [1.MED] load 250 mg of the mixture into 1.9 square centimeter polystyrene molds. [2.CU] Let the samples rest under a hood for 24 hours. [3.MED]
4.4.1. Setting molds on scale

4.4.2. Loading molds with cell/chitosan mix

4.4.3. Transferring loaded molds to hood
4.5. The next day, treat the samples with 500 µL of one Molar aqueous sodium hydroxide, [1.MED] in order to induce cross-linking and rinse them with 10 mL of ultrapure water. [2.CU]
4.5.1. Adding sodium hydroxide to molds

4.5.2. Rinsing molds with water
5. Test of the Stability of Photoacoustic (PA) Conversion
5.1. Analyze the stability of the photoacoustic conversion using a [1.WID] customized photoacoustic microscope which features an optical parametric oscillator, [2.MED>CU/TEXT] an attenuator to tune the optical fluence and an ultrasound transducer. [3.MED]
5.1.1. Talent enters room with photoacoustic microscope carrying samples
5.1.2. Zoom into optical parametric oscillator, TEXT: Cavigli at al., Journal of Physical Chemistry C, volume 118, page 16140 (2014).
5.1.3. Pan over attenuator, TEXT: Cavigli at al., Journal of Physical Chemistry C, volume 118, page 16140 (2014).
5.1.4. Pan over ultrasound transducer, TEXT: Cavigli at al., Journal of Physical Chemistry C, volume 118, page 16140 (2014).
5.1.5. Master shot, TEXT: Cavigli at al., Journal of Physical Chemistry C, volume 118, page 16140 (2014).
5.2. Begin with suspending the chitosan film containing the macrophages [1.MED] in deionized water using a plastic holder immersed in a water tank. [2.CU]
5.2.1. Setting up plastic holder
5.2.2. Adding water, suspending sample in holder in water and putting ultrasound transducer in place
5.3. Determine a probe fluence that does not damage the sample [1.MED] and that conveys a photoacoustic emission with sufficient signal to noise ratio. [SCREEN]

5.3.0. Wearing eyeglasses and starting machine
5.3.1. Setting up the probe fluence to measure photoacoustic emissions
5.3.2. Oscilloscope monitor showing the photoacounstic emission being tuned to a good signal [SCREEN], TEXT: yellow trace: signal from ultrasound transducer, green trace: signal from energy meter.
5.4. Set a trial fluence and acquisition parameters. [1.CU/TEXT] 
5.4.1. Starting the trial fluence, TEXT: ~1 mJ / cm2 / pulse, >500 pulses

5.5. For each pulse from the laser, acquire the corresponding photoacoustic signal from the ultrasound transducer. [MED]
5.5.1. Talent monitoring the oscilloscope during pulses, TEXT: yellow trace: signal from ultrasound transducer, green trace: signal from energy meter.
5.6. Calculate the ratio of photoacoustic intensity to laser fluence for each pulse. Analyze its trend as a function of pulse number and verify its stability over time.   [LM.1] In the case of instability, repeat this measurement with a lower trial fluence. [LM.2]
5.6.1. Fig S1 – left panel
5.6.2. Fig S1 – right panel

5.7. In the case of stability, the trial fluence may be used as a probe fluence, provided that its photoacoustic emission exhibits a suitable signal to noise ratio. [LM.1/TEXT] Next, measure a reshaping threshold fluence. [LM.2/TEXT]
5.7.1. Fig S2 – left panel, TEXT: details are provided in the text protocol.
5.7.2. Fig S2 – right panel, TEXT: details are provided in the text protocol.
5.8. Choose a random point of the sample, [1.ECU] set the laser at the probe fluence and measure an average photoacoustic intensity, A, over 500 pulses. [2.MED]
5.8.1. Moving stage to reposition sample

5.8.2. Programming the next fluence and starting the test
5.9. Then, increase the nominal fluence above the probe fluence and deliver 50 pulses. Name their average fluence as F excitation.  [LM]
5.9.1. Setting F excitation and monitoring the oscilloscope [possibly please reuse 5.3.1. and 5.5.1.]
5.9.2. Oscilloscope monitor while programing the fluence as described, with 50 pulses
5.10. Reset the laser at the probe fluence and repeat the measurement, taking the average photoacoustic intensity, B, over 500 pulses. [LM]
5.10.1. Setting F excitation and monitoring the oscilloscope [possibly please reuse 5.5.1.]
5.10.2. Oscilloscope monitor while resetting and reprograming the fluence as described, with 500 pulses and running the trial [you will find two more clips for close up on value details, i.e. 50 pulses for use in 5.9.2. and 500 pulses for use in 5.8.2. and 5.10.2.]
5.11. Now, calculate the ratio R of B to A.  An R-value below unity indicates an irreversible change has occurred in the optical properties of the sample. [LM]
5.11.1. Fig S3

5.12. Next, use the micrometric stage to move the film [1.ECU] to change the measurement point of the sample at random. [2.CU]
5.12.1. [named as 5.12.2 by mistake] Stage moving

5.12.2. [named as 5.12.1 by mistake] Starting data collection from a new position on sample
5.13. Then, repeat the measurement of R for different values of F excitation, so as to take a few values of R around [LM.1]  and below unity.  About 15 R points is a reasonable collection of data. [LM.2]
5.13.1. Fig S4

5.13.2. Fig S5

5.14. Then, plot R as a function of F excitation and identify the reshaping threshold as that fluence when R departs from unity without uncertainty. [LM]
5.14.1. Fig 3

6. Results: Typical Outcomes 

6.1. Typically, cationic gold nanorods undergo a massive accumulation in macrophages, which maintain their normal morphology.  The particles are found to be confined within tight endocytic vesicles. 
6.1.1. Figure 1 - TEM images show the usual appearance of the particles and of their cellular vehicles

6.2. Later in the process, the inclusion in the chitosan hydrogel does not appear to affect cellular morphology.  Cells are well dispersed throughout the sample, as viewed with a micrograph.  Controls of chitosan films containing gold nanorods without cells are homogeneous. 
6.2.1. Figure 2a - an optical transmission image of macrophages containing cationic gold nanorods and dispersed in a chitosan phantom
6.3. Plasmonic bands of gold nanorods are preserved in their cellular vehicles.  Effects such as plasmonic coupling or a different uptake of particles with different size and shape did not play a substantial role in these protocols. 
6.3.1. Figure 2b shows that the typical plasmonic band of gold nanorods is retained when the particles are taken up by the macrophages
6.4. After collecting data, the trend of R as a function of F excitation gives an idea of the data and the analysis required to determine the F threshold.  Here, the F threshold was found to be about 11 milliJoules per square centimeter.  Photoacoustic measurements were highly accurate, with a signal to noise ratio greater than 20 over 500 pulses.
6.4.1. Figure 3
7. Conclusion (said by authors on camera)
2.1. Fulvio Ratto: Our protocol is innovative with respect to existing methods in the design of the particles and in the investigation of their photostability. The modification of PEGylated gold nanorods with quaternary ammonium cations provides for high efficiency of cellular uptake, while keeping colloidal stability.
2.2. Lucia Cavigli: Since these particles are intended as contrast agents for photoacoustic imaging, a photoacoustic probe is ideal to test their functional features. The measurement of the stability of photoacoustic conversion by the definition of a reshaping threshold is quantitative and reproducible. 
2.3. Claudia Borri: Cellular vehicles of plasmonic particles are feasible as contrast agents for photoacoustic imaging. Their photostability is the same as that of free plasmonic particles. The focus of our current work is on the physiology of these cells, with a special attention for their viability and chemotactic activity. 
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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