Submission ID #: 53900
Editor: Steven Nilsen
Videographer: Sean Glavey
Film Date: Nov 18, 2015

Authors and Affiliations: 
Marco Giallombardo*1,2 Jorge Chacártegui Borrás*2,3, Marta Castiglia4, Nele Van Der Steen3, Inge Mertens5,6, Patrick Pauwels7,3, Marc Peeters8,3 and Christian Rolfo2,3

*Both authors contributed equally to this work

1. Department of Biopathology and Medical Biotechnology, Section of Biology and Genetics, University of Palermo, Via Divisi 83, Palermo, Italy.; 2. Phase I-Early Clinical Trials Unit, Oncology Department, Antwerp University Hospital (UZA); 3. Center for Oncological Research (CORE) Antwerp University; 4. Department of Surgical, Oncological and Oral Sciences, Section of Medical Oncology, University of Palermo, Via Liborio Giuffrè 5, Palermo 90127, Italy; 5. Flemish Institute for Technological Research (VITO), Mol, Belgium; 6. CORE, University of Antwerp, Campus Groenenborger , Groenenborgerlaan 171, 2020 Antwerp, Belgium; 7. Molecular Pathology, Pathology Department, Antwerp University Hospital (UZA); 8. Oncology Department, Antwerp University Hospital (UZA), Wilrijkstraat 10, 2650, Edegem, Antwerp, Belgium.

Title: Exosomal miRNA Analysis in Non-small Cell Lung Cancer (NSCLC) Patients’ Plasma Through qPCR: a Feasible Liquid Biopsy Tool

Corresponding Author: 
Prof. Dr. Rolfo, Christian
Tel: +32 3 821 36 46  
fax: +3238251592 
christian.rolfo@uza.be

Co-authors:
markgiallo@gmail.com
jorge.chacartegui@uza.be
marta.castiglia@uza.be
nele.vandersteen@student.uantwerpen.be
inge.mertens@uantwerpen.be
patrick.pauwels@uza.be
marc.peeters@uza.be

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO
C.  Which steps of your protocol will viewers benefit most from having filmed? (1.6 – 1.14 more important) ; 5 ; 6; 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 1.6; 1.14; 5
E.  Will the filming need to take place in multiple locations? (Y/N) ___No, in the same building 

1. Introduction 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is isolate exosomes present in plasma of NSCLC patients that are free of non-exosomal microRNA sources, like free-circulating microRNAs, using a double enzymatic treatment prior to exosome isolation.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Marco Giallombardo: This method can help to restrict the analysis of microRNA in liquid biopsies to the exosome compartment, which will help to elucidate their use as biomarkers.
1.2. Jorge Chacartegui: The main advantage of this procedure is the enzymatic pre-treatment, which eliminates the non-exosome sources of microRNA that could interfere in the analysis. 
1.3. Christian Rolfo: The implications of this technique extend toward prognosis of NSCLC, because exosomes are well described component of liquid biopsies and could be used to non-invasively track the patient’s response to different treatments.

E.  Ethics Title card
1.4. Procedures involving human subjects (plasma samples) have been approved by the Ethical committee of Antwerp University Hospital (UZA) - Belgium.

Protocol (read by voice talent at JoVE):
2. Exosome Isolation from Plasma Samples
2.1. To begin, thaw a one-milliliter plasma sample on ice. [WID]
2.1.1. Establishing shot, talent puts plasma on ice
2.1.2. Added shot: Look plasma samples
2.2. Once thawed, invert the tube several times to disaggregate any cryoprecipitates that may have formed. [MED]
2.2.1. Film as written
2.3. Then, centrifuge the plasma at two thousand Gs for 20 minutes at room temperature, in order to remove cells and debris. [MED]
2.3.1. Loading, programming and starting centrifuge
2.4. Collect the supernatant [2.4.1-CU] and centrifuge the plasma again, now at ten thousands Gs for 20 minutes. [2.4.2-MED]
2.4.1. Collecting plasma
2.4.2. Loading, programming and starting centrifuge
2.5. Again, collect the plasma supernatant and now add 10 microliters of RNase. [MED]
2.5.1. Transferring supernatant to a new tube.
2.5.2. Split shot: Adding RNase, TEXT: 10 µL RNase (10 µg / µL)
2.6.  Incubate the plasma at 37 ºC for 10 minutes in a thermoblock heater. [MED]
2.6.1. placing tube in thermoblock heater, starting timer
2.7. Marco Giallombardo: We added an RNAse treatment step to the standard kit protocol in order to degrade  non-exosomal free microRNAs.  Later, before exosome lysis, the proteinase K treatment step, included in the kit protocol, was exploited in order to degraded  RNase and,then, protect the integrity of the exosomal microRNAs.
2.7.1. MED/WID: interview show at bench
2.8. Next, transfer the plasma to a new tube, add a half volume of 1X PBS and vortex it.  [MED]
2.8.1. Film as written
2.9. Then, add 0.05 volumes of Proteinase K solution, vortex the sample again [2.9.1-MED] and incubate it at 37 ºC for 10 minutes. [2.9.2-MED]
2.9.1. Film as written
2.9.2. Loading sample tube into thermoblock heater at 37 ºC
2.10. Now, add 0.2 volumes of exosome precipitation buffer and mix the sample by inversion.  [MED]
2.10.1. Film as written
2.11. Then, incubate the sample at 4 ºC for 30 minutes.
2.11.1. Loading sample tube into refrigerator, starting timer
2.12. After the cold incubation, centrifuge the sample at ten thousand Gs for 5 minutes at room temperature. [2.4.2]
2.13. Take a 20 to 50 µL aliquot of the supernatant and store it for control purposes.  Then, aspirate and discard the remaining supernatant. [MED]
2.13.1. Taking aliquot of supernatant, into tube, then transferring the remainder to waste
2.14. Resuspend the exosome pellet in the buffer of choice, at a volume depending on the downstream analysis. For RNA analysis, add specific lysis buffer for RNA extraction. [CU/TEXT]
2.14.1. Adding solution to tube and mixing pellet into solution, TEXT: Consult the text protocol for details, Store at -20 ºC
3. Reverse Trascription of Exosomal miRNAs.  
3.1. Before starting, clean the working area [3.1.1-WID] and associated items with the proper reagents to ensure an RNAse-free environment. [3.1.2-MED]
3.1.1. Establishing shot, talent cleaning bench
3.1.2. Talent cleaning pipettes, outside of reagent bottles, etc.
3.2. Prepare your reverse transcription master mix according to the supplier’s instructions. [3.2.1-MED] In this example, two samples will be processed; for each sample, nine master mix aliquots of 7 microliters are prepared, one for each selected microRNA [3.2.1-MED].  Store the reaction tubes on ice. [3.2.2-CU]
3.2.1. Adding first reagent to master mix tube
3.2.2. Adding last reagent to master mix tube
3.2.3. Ejecting aliquots of master mix into 9 tubes,  each labeled 
3.3. Now, add 5 µL of exosomal RNA solution to each reaction tube, with a total RNA concentration of 10 µg.  [3.3.1-MED] Mix the samples with gentle pipetting. [3.3.2-CU]
3.3.1. Adding aliquots of RNA to each tube
3.3.2. Mixing one of the tube’s contents with pipetting
3.4. Then, add 3 microliters of the appropriate reverse transcription primer to each reaction tube [3.4.1- MED] and mix the samples gently with pipetting.  Let them incubate on ice for five minutes before proceeding. [3.4.2-MED]
3.4.1. Adding primer to tube and mixing with pipette, then changing pipet tips, then repeating
3.4.2. Like 3.4.1, different camera angle
3.5. Now the reaction tubes can be loaded into the thermal cycler. [MED]
3.5.1. Loading tubes from ice bucket to cycler
3.6. Run the reaction cycles according to the supplier’s requirements. [MED]
3.6.1. Programming the cycler and starting the reaction
4. RT-PCR Analysis of Exosomal miRNAs
4.1. In this procedure, all the microRNAs must be tested in triplicate for each patient. This includes running triplicates for the negative controls. [LM]
4.1.1. Presentation 1 – 96 well diagram
4.2. Make sure to include at least one reference microRNA to properly normalize the data. As no consensus exists for stably expressed circulating microRNAs, previously obtained candidate microRNAs can be used as a reference. [LM]
4.2.1. Presentation 2 – 96 well diagram (2nd)
4.3. Begin with preparing the PCR mix.  [4.3.1-WID] Make one mix for every microRNA that is going to be assessed. [4.3.2-MED]
4.3.1. Establish talent at bench
4.3.2. Preparing master mix tubes 
4.4. Store the reagents and primers on ice protected from light until they are used. [MED]
4.4.1. Putting master mix tubes into ice bucket and covering the bucket with lid
4.5. For each PCR well, prepare to load 10 microliters of PCR master mix … [MED]
4.5.1. Sub-dividing master mix into several tubes
4.6. … with 7.67 microliters of nuclease-free water … [MED]
4.6.1. Adding water to the tubes containing master mix
4.7. … and 1 microliter of PCR primer.  Escalate theses volumes to the number of wells needed to fill on the plate with a little extra. [MED]
4.7.1. adding a unique primer to each of the different tubes
4.8. Now, load 18.67 microliters of the prepared mixes to the corresponding plate wells.  [MED]
4.8.1. Loading the 96-well plate with aliquots from the sub-divided master mix tubes, show several different solutions being loaded into three or more wells each
4.9. Then, add 1.33 microliters of the appropriate reverse transcription reaction product [4.9.1-MED] to the appropriate plate well, filling each well to 20 microliters. [4.9.2-ECU]
4.9.1. Adding content from the thermo cycler reaction tubes to each well
4.9.2. View of plate as wells are being filled with thermo cycler reaction tube products
4.10. For the negative control wells, add 1.33 microliters of water. [MED]
4.10.1. Loading the negative control wells with aliquots of water
4.11. Now, close the plate and centrifuge it in a plate spinner for a few seconds at 300 Gs. [MED]
4.11.1. Loading plate into spinner, programming and starting spin
4.12. Using the real-time PCR software, [4.12.1-MED] in the template, assign the reporters, assign the target genes, define the reaction volumes and set the experiment wells. [4.12.2-CU/LM]
4.12.1. Establish talent working with software
4.12.2. If possible, get a screen capture, if not possible film the screen – talent programming the PCR software as indicated
4.13. Now, load the plate in the thermocycler [4.13.1-MED] and define the reaction parameters according to the supplier’s specifications. [4.13.2-CU]
4.13.1. Loading plate into cycler
4.13.2. Interface controls, programming the cycle parameters and starting the reaction
4.14. Once the run is completed, export the data, including the Ct values, to a spreadsheet for analysis. [CU/LM]
4.14.1. If possible, get a screen capture, if not possible film the screen – talent exporting the data using the PCR software 
5. Results: miRNA Analysis from NSCLC Patient Plasma
5.1. Twelve plasma samples from NSCLC patients and six healthy controls were processed as described. Exosome markers were analyzed by Western Blot. The markers linked to exosomes, ALIX and TSG101, were present in the samples.
5.1.1. Figure 1
5.2. To biophysically characterize the samples, TEM analysis was performed. Round vesicles were found, ranging from 40 to 100 nanometers.
5.2.1. Figure 2
5.3. Eight microRNAs, described to be deregulated in NSCLC by various models, were analyzed using RT-PCR. The internal control, mir-1228, was validated as a stable endogenous control in a different sample set. It was found that the analyzed microRNAs are deregulated in the clinical samples from the lung cancer patients, compared to controls.
5.3.1. Figure 3

6. Conclusion (said by authors on camera)

6.1. Jorge Chacartegui: This protocol allows exclusive analysis of exosome-related microRNAs from plasma samples, avoiding other compartments that may interfere with the analysis.
6.2. [bookmark: _GoBack]Marco Giallombardo: We recommended you use the stored supernatant aliquot as a control, in order to monitor the efficiency of the enzymatic treatment.


Provided Media

5.1 – Figure 1.tif – Western blot analysis of exosomal marker ALIX and TSG101 (image sent with the submission)
5.2 – Figure 2.tif – TEM analysis of exosome (image sent with the submission)
5.3 – Figure 3.tif – Exosomal microRNAs analysis (image sent with the submission)
4.1 – Presentation 1.ppt – RT-PCR Template highligthing sample to test and negative controls.
4.2 – Presentation 2.ppt – RT-PCR Template highlighting control microRNA. 

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.
 2015, Journal of Visualized Experiments

