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Title: Transcriptomic Analysis of Human Retinal Surgical Specimens using jouRNAl
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _________N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.6, 3.2, 4.5, 4.8, 4.10 & 4.22_____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.8, Training  

1. Introduction (Schematic Overview and Interview)

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

0.1. The overall goal of this procedure is to purify RNA from human retinal surgical specimens for transcriptome analysis in retinal detachment using jouRNAl. (Intro).
0.2. To do this, the reagents and materials needed for collection of the surgical specimen are prepared in the laboratory and sent to the hospital.
0.2.1. 50375_Leveillard_SchematicOverview (Top left image- “jouRNA1 reagents”)
0.3. During the surgical procedure, the specimen is collected and returned to the lab. 

0.3.1. 50375_Leveillard_SchematicOverview (Left image “retinal surgery)
0.3.2. 50375_Leveillard_SchematicOverview (Bottom left “retinal sample”)

0.4. The RNA is then purified using a standardized cesium chloride gradient procedure and the quality of the purified RNA is assessed.
0.4.1. 50375_Leveillard_SchematicOverview (Middle image – worker in lab)

0.4.2. 50375_Leveillard_SchematicOverview (Middle image “RNA”)

0.5. Ultimately, analysis of mRNA expression shows that both inflammation and photoreceptor degeneration are involved in retinal detachment indicated by changes in expression of key genes in these processes identified by transcriptomic analysis.
0.5.1. 50375_Leveillard_SchematicOverview (Left image- “Retinal gene expression”)
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Najate AÏt-Ali: The main advantage of jouRNAl over existing RNA purification methods, such as guanidinium thiocyanate-phenol-chloroform extraction, also known as “TRIzol” extraction, is that the resulting mRNA is not contaminated with DNA. 
1.1.1. Interview style
1.2. Thierry Léveillard: The implications of this technique extend toward therapy of retinal detachment because it provides technical means to develop novel adjuvant therapies.  

1.2.1. Interview style
1.3. Thierry Léveillard: Though this method can provide insight into gene expression changes following retinal detachment, it can also be applied to other retinal pathologies in animal models, such as inherited retinal degenerations.
1.3.1. Interview style
1.4. Emmanuelle Clérin: Individuals new to this method may struggle because it requires knowledge of nucleic acids properties.
1.4.1. Interview style
1.5. Hawa Camara:Visual demonstration of this method is critical, as the recovery of RNA after centrifugation is tricky.   
1.5.1. Interview style
Protocol (read by voice talent at JoVE):
2. Preparation of sample tubes for jouRNAl: 
2.1. In the lab, place a sample intake form in a 150x210 mm padded envelope for each of the retinal specimens to be collected.

2.1.1. MED:  Talent at bench takes an envelope from a stack of 10 and places a sample intake form inside

2.2. The sample intake form should have space for the anonymous identification of the patient, the date of the surgery and any additional remarks the surgeon would like to add.  

2.2.1. CU:  Talent points at the place for patient ID, date, and remarks in that order and then places the form in an envelope
2.3. 2.1  For each sample to be collected, use an RNAse-free pipette to fill a 5 ml sterile polyethylene round-bottom tube with 2.4 ml of a 6 M RNAse-free guanidine chloride solution. 
2.3.1. 2.1.1. MED:  Talent pipettes GHCl into 10 tubes(Video Editor: The author crossed this out, but also implied that it was filmed, so maybe the strikeout was a formatting error.)
2.4. 2.2 Use argon gas to fill the top part of the tubes, then quickly place the cap, pressing tightly to ensure that it is sealed.  This will prevent the oxidation of guanidine chloride over several years of storage in the surgical cabinet.
2.4.1. 2.2.1. CU:  Talent uses argon gas to fill the tube and caps it.
2.5. 2.3 Next, place each of the 5 ml tubes in a 50 ml sterile polypropylene conical bottom tube.  Then, insert a piece of laboratory cleaning tissue to hold the 5 ml tube in place, and screw on the cap.   

2.5.1. 2.3.1. CU:  Talent places a 5 mL tubes inside 50 mL tubes then adds tissue and screws on cap.

2.6. After adding tissue and screwing on the cap, place the 50 ml tubes in a polystyrene rack.  Then place the rack and prepared envelopes, along with prepared shipping forms, into a cardboard box.
2.6.1. CU:  Talent places a 5 mL tubes inside 50 mL then adds tissue and screws on cap. (Video Editor:  This may be slated as 2.4.1)
2.6.2. CU (From above):  Talent places rack, envelopes, shipping forms into box. (Video Editor:  This may be slated as 2.4.2)
2.7. Paste instructions for acquiring and returning samples inside the cover of the cardboard box. Then, close it, and have the box delivered or shipped to the hospital that will perform the surgical procedure.
2.7.1. CU:  Talent pastes instructions on inside of the cardboard box and closes it.

2.7.2. MED:  Talent drops off box at shipping center, or hands it to a mail delivery person.

3. Sample collection 
3.1. In the hospital, bring the cardboard box from the surgical cabinet to the surgical room. (TEXT: Caution! For immune compromised patients, do not bring cardboard into the surgical room.)
3.1.1. MED:  Surgeon brings box into the surgical room
3.2. During the surgery, place the retinal specimen into a tube filled with guanidine chloride solution. Close tightly the tube.  
3.2.1. CU:  Talent places a small piece of retinal tissue in the GHCl solution and closes lid.

3.3. Mix the tube briefly. Then, place the tube on the blood tube rocker for 10 minutes.
3.3.1. MED:  Talent, still in surgical room, places tube on blood tube rocker

3.4. Fill in the accompanying sample form with the patient identification, surgery date, and any additional remarks. Then, write the identification number onto the corresponding numbered 50 ml tube.

3.4.1. MED:  Talent fills in sample form + writes ID number on 50 mL tube
3.4.2. CU:  Talent writes ID number on 50 mL tube

3.5. Then, place the 5 ml tube with the surgical specimen into the 50 ml tube, replace paper tissue and cap the tube.  Then, place the 50 mL tube and sample intake form into the appropriate padded envelopes and seal it.
3.5.1. CU:  Talent places 5 mL tube into 50 mL tube, then adds tissue and caps tube.

3.5.2. MED:  Talent places 50mL tube and sample intake form into padded envelope and seals it.
3.6. Once the sample has been collected, the sample should be immediately shipped back to the laboratory.  
3.6.1. MED:  Talent gives sample to mail delivery personnel or drops off at mail box.

4. RNA purification
4.1. Once the sample is received in the lab, homogenize the specimen in its 5 ml tube with a polytron TM homogenizer at the maximum setting for 1 minute while moving the tube up and down. 
4.1.1. MED:  Talent homogenizes specimen
4.1.2. CU:  Talent moves sample up and down
4.2. Once the sample has been homogenized, to extract the polysaccharides, add 270 µl of 2 M potassium acetate (Text overlay: 2M KAc pH 5.0) and place the tube on a shaker in the horizontal position. Shake vigorously for 10 minutes. (Text overlay: 420 rpm/min).  Then, centrifuge for 10 minutes at 6,500 g at 20°C. 
4.2.1. CU:  Talent adds potassium acetate 

4.2.2. CU:  Talent places tube on a shaker in horizontal position and begins shaking.

4.2.3. MED:  Talent places the tube in a CF and closes the lid

4.3. Following the spin, use a pipette to carefully aspirate the soluble fraction without disturbing the pellet.  Transfer the supernatant into a 14 ml sterile RNAse free tube.
4.3.1. CU:  Talent aspirates soluble fraction then Talent pipettes the supernatant into a 14 mL tube

4.4. Next, to the supernatant, add 5.3 ml of 1% N-lauryl sarcosine in 100 mM Tris and 3.2 g of cesium chloride. (Text overlay: 1% N-lauryl sarcosine, 100 mM Tris pH 8.0, 3.2g cesium chloride)  The sarcosine will solubilize the membrane and the cesium chloride is used to generate a gradient. Mix the tube by vortexing for one minute.
4.4.1. CU:  Talent adds CsCl solution

4.4.2. CU:  Talent vortexes the tube
4.5. Add 1.8 ml of cesium chloride/EDTA to a sterile 11 ml polyallomer centrifuge tube.  Then, with a 10 ml sterile Pasteur pipette, layer the RNA solution onto cesium chloride/EDTA solution by allowing the it run down the inside surface of the tube.  (Text overlay  960 g/L CsCl + 5 mM EDTA, pH 7.5)
4.5.1. Talent adds CsCl to the cf tube then layers the RNA solution on top
4.6. Place the tubes in a centrifuge. Use a second tube containing the buffers without retina as a balance if necessary, and spin for 24 hours at 225,000 g at 20°C. 
4.6.1. MED: from above:  Talent places tube in CF and closes lid
4.7. The next day, following the spin, a lipid layer will have formed at the top of the tube, the DNA will be in the middle and the RNA will be pelleted at the bottom of the tube. Use a sterile Pasteur pipette to carefully remove and discard the upper lipid layer.
4.7.1. ECU:  Talent shows the tube (Text overlay with arrows:  (Lipid layer  (DNA   (RNA Pellet) + removes and discards upper lipid layer
4.7.2. CU:   Talent removes and discards upper lipid layer

4.8. With a second sterile Pasteur pipette, gradually remove solution until the viscous DNA is aspirated.  Discard the solution and DNA. 
4.8.1. CU:  Talent removes the DNA
4.9. Then, using a third sterile Pasteur pipette, remove and discard the remaining solution taking care not to disturb the RNA pellet.  
4.9.1. CU:  Talent removes the remaining solution

4.10. Now, using a flame-sterilized scalpel, cut the tube as shown here and discard the upper portion.  Place the remaining part upside down on sterile gauze.  Invert the tube and use a pipette to rinse it delicately with 160 µl of guanidine chloride. Let the pellet dry for 10 min. 
4.10.1. CU: Talent cuts the bottom of the tube + places tube-bottom on sterile gauze
4.10.2. MED:  Talent places tube-bottom on sterile gauze

4.10.3. MED:  Talent inverts the tube and rinses with GHCl then places it to dry
4.11. Once the pellet is dry, resuspend it in 150 µl of Tris/EDTA/SDS (Text overlay: 10 mM Tris pH 7.5 + 1 mM EDTA + 0.1 % SDS)
4.11.1. CU:  Talent adds Tris EDTA and pipettes up and down.
4.12. Using a sterile micropipette, transfer the solution into a 2 ml sterile microcentrifuge tube.  Then to harvest the residual pellet, add 30 µl of the Tris/EDTA/SDS solution.  Add this to the microcentrifuge tube.
4.12.1. CU:  Talent transfers the solution to microfuge tube

4.12.2. MED:  Talent adds TRIS EDTA SDS to residual pellet, pipettes up and down and adds this to microcentrifuge tube

4.13. Next, add 150 µl of TRIS/EDTA and 30 µl 3 M Sodium Acetate and then vortex. (Text overlay: 10 mM Tris pH 7.5, 1 mM EDTA pH 5.0) Text overlay: NaAc pH=5)
4.13.1. MED: Talent adds TRIS EDTA, then NaAc and vortexes

4.14. To precipitate the RNA, add 900 µl of ice-cold 100% ethanol.  Vortex the tube and place it on melting ice for 30 minutes. Then, centrifuge the tube 30 minutes at 18,000 g at 4°C.
4.14.1. CU:  Talent adds EtoH
4.14.2. MED:  Talent vortexes then place tube on ice

4.14.3. MED:  Talent places tube in CF and closes lid (do 3 takes)

4.15. After the spin, a tiny white pellet may or may not be visible.   Whether or not the pellet can be seen, delicately aspirate the supernatant, and discard it.  Then, to remove excess salt, add 500 µl of room temperature 70% ethanol, and vortex the tube. Centrifuge the tube for 20 minutes at 18,000 g at 4°C. 
4.15.1. ECU:  Talent shows pellet or lack thereof 

4.15.2. CU: Talent aspirates the supernatant

4.15.3. CU:  Talent adds 70% EtOH and vortexes (do 2 takes)
4.15.4. MED:  reuse shot 4.14.3 (Talent places tube in CF and closes lid)

4.16. After repeating the 70% ethanol wash and spin, use a P200 pipette to remove any remaining ethanol. Let the pellet air dry for 10 minutes.
4.16.1. USE 4.15.3:  Talent adds 70% EtOH and vortexes

4.16.2. CU: Talent removes remaining ethanol 

4.16.3. MED:  Talent places tube to allow it to dry
4.17. Resuspend the pellet in 50 µl DEPC-treated water.  Mix vigorously by vortexing for 2 minutes. Then place the sample in a 45°C water bath for 15 minutes to fully resuspend the RNA.
4.17.1. CU: Talent resuspends the pellet
4.17.2. CU:  Talent vortexes

4.17.3. CU:  Talent places tube in water bath

4.18. Finally, determine the concentration of RNA by absorbance at 260 nm, and analyze the RNA by gel electrophoresis according to the protocol in the accompanying document.
4.18.1. MED:  Talent operates spectrophotometer to determine RNA concentration

4.18.2. CU:  Talent loading a gel for electrophoresis (20 sec of video)
5. Representative Analysis of Retinal Tissue-derived RNA: 
5.1. To examine the transcriptome of retinal detachment, the jouRNAl procedure was used to recover and analyze retinal RNA from 18 patients with retinal detachment and 18 age-matched controls prepared using post mortem retinas. RNA was subsequently purified and analyzed using gel electrophoresis and Retinobase as described in this report. 
5.1.1. 50375_Leveillard_Figure 2_CCL2

5.2.   Shown here are radar graphs representing the expression of the monocyte chemotactic MCP1 gene CCL2, The right part of the figure, labeled “RD” corresponds to RNA from the retinal detachment patients while the left part, labeled “N” are RNA from the controls.
5.2.1. 50375_Leveillard_Figure 2_CCL2

5.3. As can be seen here, retinal detachment results in the up-regulation of CCL2, as indicated by the high c-values in most of the RD specimens, on the right, compared to those of the controls, on the left. This increase indicates inflammation in the patients with retinal detachment.
5.3.1. 50375_Leveillard_Figure 2_CCL2

5.4. As can be seen here, expression of the rod photoreceptor transducing gene GNAT1, was decreased.  Contrarily to CCL2, the value are low for the RD specimens of the right
5.4.1. 50375_Leveillard_Figure 2_GNAT1
5.5. Decrease inexpression of the short wave cone opsin OPN1SW and the homeogene CRX, was also observed, suggesting photoreceptor degeneration of both rods and cones in patients with retinal detachment.
5.5.1. 50375_Leveillard_Figure 2_ OPN1SW_CRX (A figure with both radar graphs)
6. Conclusion (said by authors on camera)
6.1. Thierry Léveillard: After watching this video, you should have a good understanding of how to collect and purify RNA from human surgical specimens.
6.1.1. Interview style
6.2. Hawa Camara: Once mastered, this technique can be done in 48 hours if it is performed properly.
6.2.1. Interview style
6.3. Najate Aï-Ali: While attempting this procedure, it’s important to remember to use only RNAse-free material and reagents.
6.3.1. Interview style
6.4. Marie Noëlle Delyfer: Following this procedure, other methods like RNA sequencing can be performed in order to answer additional questions like the whether the phenomenon of differential splicing is associated with retinal detachment.
6.4.1. Interview style
6.5. Emmanuelle Clérin: Don't forget that working with human specimens can be extremely hazardous and all wastes should be correctly disposed of when performing this procedure.  
6.5.1. Interview style
Provided Media
50375_Leveillard_Figure 2_CCL2
50375_Leveillard_Figure 2_GNAT1
50375_Leveillard_Figure 2_ OPN1SW_CRX (A figure with both radar graphs)
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.
( 2010, Journal of Visualized Experiments


