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Title: Three-dimensional quantification of dendritic spines from pyramidal neurons derived from human inducible pluripotent stem cells
Corresponding Author:   Isabelle Cloëz-Tayarani
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__YES______ 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 steps using the step numbers listed in this document. __2.3-2.5, 3.1, 3.6, 4.2-4.9
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___2.2, 2.3_
E.  Will the filming need to take place in multiple locations? (Y/N) __YES__ If yes, how far apart are the locations? ___ The locations are close to each other (5 min distance, two different buildings).
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to image dendritic spines from pyramidal neurons derived from human inducible pluripotent stem cells and quantify them in three dimensions. (Intro)

This is accomplished by first treating coverslips in 6-well plates with polyornithine and laminin for culturing neural stem cells (P1, Editor, begin with slide 1 then bring in the tip and the polyornithine text in slide 2, then the laminin and tip in slide 3.)
Next, neural stem cells diluted in culture medium are plated using a gentle rotating pipette movement, and are allowed to differentiate up to 70 days in culture by renewing the medium regularly (P2, Editor, use slide 4 here, bringing in the pink tip, shading the circle pink/purple, and adding the blue arrow to signify rotating of the plate while adding the solution.)
Then, the cells are transduced with GFP lentivirus, stained with anti-GFP antibodies and visualized (P3, Editor, transition through slides 5-7).
Finally, the cultures are fixed and the dendritic spines are imaged using confocal microscopy. (P4, Editor, use the left side of slide 8 here.  Bring in the green triangular cell, then add in the blue microscope objective above it.)
Ultimately, the image data of human dendritic spines are reconstructed in 3D, for their classification and quantification. (P5, Editor, use the green branching structure on the right in slide 8 here.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name: LAURA GOUDER: This protocol provides a stepwise procedure to obtain glutamatergic neurons of layer II to IV of the human brain cortex. It involves the use of human inducible pluripotent stem cells derived from neural stem cells that originate from human fibroblasts, based on a previously published method. 

1.2. Author name: ISABELLE CLOEZ-TAYARANI: This method can help answer key questions in the field of psychiatric diseases such as those associated with morphological defects in dendritic spines of human brain cortical areas.

1.3. Author name: JEAN-YVES TINEVEZ: The main advantage of this technique over existing methods, is that it allows a 3D automatic reconstruction of dendrites and spines with an undeniable important gain of time as compared to other software, which in most cases offer only a two dimensional approach. The automatic spine classification module is very useful and can be easily used. 

Protocol (read by voice talent at JoVE):

2. Neuronal Culture and Lentiviral Transduction

2.1. To prepare neuronal cultures, place glass coverslips into 6-well culture dishes [2.1.1-WIDE/MED] and add poly-ornithine [2.1.2-CU-TXT].  Incubate overnight under a flow hood [2.1.3-MED].
2.1.1. Talent under hood placing coverslips into dishes

2.1.2. Film as written (TEXT: 0.01% stock diluted 1/6 in DPBS)

2.1.3. Talent walks away from flow hood where dishes are incubating

2.2. The following day, use DPBS to wash the coverslips three times [2.2.1-CU] and add laminin [2.2.2-CU-TXT].  Incubate under a flow hood for at least 10 hours [2.2.3-MED]. 

2.2.1. Film as written

2.2.2. Film as written (TEXT: 1 mg/ml stock diluted 1:500 in DPBS)

2.2.3. Talent covers plate and walks away

2.3. Prepare culture medium containing the following components [2.3.1-MED/CU]:  

2.3.1. Talent prepares culture medium, Editor, make a bulleted list of the ingredients (TEXT:  500 ml DMEM F12, 10 ml N2, 10 ml B27, 10 ml 10K U/ml ea. Pen-Strep, 1 ml 50 mM βME, 1/500 laminin, w/o growth factors)
2.4. Then use the medium to plate and dispatch neural stem cells, or NSCs at a density of 50,000 cells/cm2; pipetting with slow, rotating movements in order to reduce cell clustering [2.4.1-CU].
2.4.1. Film as written

2.5. To transduce human iPSC derived neurons at any step of maturation, add 1 ul of a stock solution containing 40 ng of GFP lentiviral vector per culture well containing fresh culture medium [2.5.1-CU] and incubate at 37°C for 48 hours [2.5.2-WIDE]. 

2.5.1. Film as written

2.5.2. Talent places cells into incubator
3. Immunofluorescence Dendritic Spine Imaging
3.1. To prepare cells for immunofluorescence, remove the culture medium [3.1.1-CU] and use 4% formaldehyde to fix the transduced cells at room temperature for 10 minutes [3.1.2-MED/CU].  Then use 1X PBS to wash the cells three times for 10 minutes each [3.1.3-MED/CU].
3.1.1. Film as written

3.1.2. Talent adds formaldehyde

3.1.3. Talent washes with PBS; B need another version for 3.3.3 below
3.2. Next, submerge the coverslips in PBS supplemented with 0.05% Triton X-100 and 10% horse serum [3.2.1-CU] and incubate at room temperature for 1 hour [3.2.2-MED/CU], then use PBS to wash the coverslips three times [3.2.3-FF].
3.2.1. Film as written

3.2.2. Talent covers plate

3.2.3. FREEZE FRAME from 3.1.3

3.3. Add 1/1000 GFP primary antibody in 100 ul of PBS/4% horse serum to each coverslip [3.3.1-CU].  Incubate in a dark box at 4(C overnight [3.3.2-MED/CU].  The following morning, use PBS to wash three times [3.3.3-CU].
3.3.1. Film as written

3.3.2. Talent covers samples

3.3.3. Use 3.1.3B here

3.4. Now, dilute Alexa Fluor 488-conjugated antibody 1 to 200 in PBS/0.5% Tween 20 [3.4.1-CU] and incubate the cells with the antibody solution at room temperature for one hour [3.4.2-MED/CU].  After using PBS to wash the slides three times [3.4.3-FF], use mounting medium to mount the slides for fluorescence microscopy [3.4.4-CU].
3.4.1. Film as written

3.4.2. Talent adds secondary antibody to cells and covers to shield from light

3.4.3. FREEZE FRAME from 3.1.3

3.4.4. Talent mounts a coverslip

3.5. Under a confocal microscope, select at least 10 healthy neurons per condition with a pyramidal morphology and a full dendritic arborization [3.6.1-LM].  

3.5.1. LAB MEDIA Example of healthy neurons with full dendritic arborization

3.6. To quantify 60-100 um per dendrite, acquire images with a 40X/N.A 1.3 oil objective and a 488 nm laser with a typical peak power at sample level around 20 uW [3.6.1-SCREEN/LM].  Set the pixel size around 80 nm to properly sample dendritic spines [3.6.2-SCREEN/LM].
3.6.1. LAB MEDIA Image of segment of dendrite with settings visible on screen, including pixel size

3.6.2. LAB MEDIA Image of dendritic spines with pixel size visible

3.7. To sample the whole neuron volume, acquire a Z-stack with a Z spacing from 150 to 300 nm, yielding 20-30 Z slices [3.7.1-SCREEN/LM-TXT] 

3.7.1. LAB MEDIA Talent sets Z stack settings and starts scanning (TEXT: refer to the text protocol for additional details).

4. 3D Quantification of Dendritic Spines

4.1. To carry out 3D quantification of dendritic spines, use the following settings for the analysis software [4.1.1-MED OVER SHOULDER-TXT].   For pre-processing, use Gaussian filtering by choosing Image Processing > Smoothing > Gaussian Filter [4.1.2-SCREEN/LM].  Set the filter width equal to the pixel size in the XY plane [4.1.3-SCREEN/LM].
4.1.1. Talent at computer applying settings (TEXT: Imaris Software shown here)

4.1.2. Talent sets Gaussian filtering

4.1.3. Talent sets filter width

4.2. To perform a semi-automatic tracing of dendrites, from the Filament Tracer module in the Slice tab, use the distance tool to estimate the dendrite diameter [4.2.1-SCREEN/LM].
4.2.1. LAB MEDIA Talent estimates dendrite diameter

4.3. Next, in the Surpass tab, click on the Filaments tool and choose ‘Skip automatic creation’ for better robustness [4.3.1-SCREEN/LM].  In the Draw tab now presented, select AutoPath as a method, Dendrite as a type, and input the estimated dendrite diameter [4.3.2-SCREEN/LM].
4.3.1. LAB MEDIA Talent chooses skip automatic creation

4.3.2. LAB MEDIA Talent chooses autopath as method, dendrite as type and inputs estimated dendrite diameter

4.4. Using the Select mode of the pointer, turn the cursor into a box and choose Shift and right-click on the dendrite starting point.  The software will perform initial calculations [4.4.1-SCREEN/LM].
4.4.1. LAB MEDIA Talent chooses shift and right clicks on dendrite starting point and software performs calculations

4.5. Now, move the pointer along the dendrite.  From the starting point, a yellow line representing the most likely dendrite path is shown.  Press shift and left click on the dendrite endpoint [4.5.1-SCREEN/LM].
4.5.1. LAB MEDIA Talent moves pointer along dendrite and presses shift and left clicks on dendrite endpoint

4.6. To carry out automated spine segmentation, in the module interface, click on the Creation tab.  In the Rebuild drop list, choose Rebuild Dendrite Diameter and check the Keep data box.  Then click Rebuild [4.6.1-SCREEN/LM].
4.6.1. LAB MEDIA Talent clicks on creation tab, chooses rebuild dendrite diameter and checks keep data box then clicks rebuild

4.7. Set the threshold so that the segmented volume corresponds to the actual dendrite volume.  As an Algorithm, select Shortest Distance from Distance Map.  Then click the Next button [4.7.1-SCREEN/LM].
4.7.1. LAB MEDIA Talent sets threshold and selects shortest distance from distance map, then clicks next button

4.8. Under the Slice tab, determine the smallest spine head diameter and the maximal length, then under the Surpass tab, enter the parameters.  Values around 200-300 nm for minimal diameter and 4 um for maximal length are good starting points.  Without checking the Allow Spines box, click the Next button [4.8.1-SCREEN/LM].
4.8.1. LAB MEDIA Talent determines smallest spine head and maximal length then enters parameters.  Then talent clicks next button

4.9. Next, adjust the Seed Points Threshold so that the blue points representing spines localize to the actual spine heads.  Then click Next.  The core calculation will now be performed and can take time [4.9.1-SCREEN/LM].
4.9.1. LAB MEDIA Talent adjusts seed points threshold and blue points localize to spine heads, then talent clicks next and calculations are performed

4.10. To classify spines, under the Tools tab of the module interface, click on Classify Spines [4.10.1-SCREEN/LM].  After verifying that there are 4 classes as outlined in the text protocol, the module interface will generate four new filament objects with the results of the classification [4.10.2-SCREEN/LM].
4.10.1. LAB MEDIA Talent clicks on classify spines

4.10.2. Four new filament objects are generated with results of classification

4.11. Finally, export the Statistical data under the Statistics tab by clicking on Export All Statistics to File [4.11.1-SCREEN/LM].
4.11.1. LAB MEDIA Talent exports statistical data by clicking export all statistics to file
5. Results: Spine Quantification of Cultured Dendrites 
5.1. This figure illustrates the culture of human neurons labeled with an anti-beta III tubulin antibody.  The tendency for cell clustering is also evident here [5.1.1-LM]. 

5.1.1. LAB MEDIA Figure 2A

5.2. Shown here is a GFP-labeled pyramidal neuron 40 days post differentiation from a late cortical progenitor from the superficial cortical layers.  The inset shows a lower magnification with the apparent cell body [5.2.1-LM].
5.2.1. LAB MEDIA Figure 2B, Editor, for the ‘apparent cell body’, point out the bright green blob at the left side in the smaller rectangle.

5.3. These panels represent the 3D reconstruction of segments of dendritic spines at different stages of maturation.  The quantitative analysis of spine density and spine head volume is shown here.  As expected, these two parameters increase over the culture period [5.3.1-LM].
5.3.1. LAB MEDIA Figure 2C and 3A, Editor place 3A underneath 2C and for the second sentence, for spine densities, point out some of the blue spines and for spine head volume, point out the round balls at the ends of the spines.  For the last sentence, point out the spines at day 45.
6. Conclusion (said by authors on camera)
6.1. Author name: LAURA GOUDER: While attempting the culture procedure, it is important to plate and dispatch the neural stem cells very carefully by adding cells slowly with a gentle rotating movement in order to reduce cell clustering. Indeed, this method requires the clear identification of individual neurons.  

6.2. Author name ISABELLE CLOEZ-TAYARANI: After this video presentation, you should have a good understanding of how to analyze quantitatively, in 3D, spinogenesis within a population of human neurons.

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


